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Introduction 

Introduction 

Blood transfusion saves life and improves health. The Global Database on blood 

safety indicates that -80% of the world's population does not have access to reliable 

and safe blood. Infection through blood supply is of particular concern in the under-

developed countries. The National Blood Policy adopted in India is a step towards 

improving blood safety. Currently, blood banks carry out separate tests of variable test 

formats for HIV, HCV and HBV detection. This greatly increases the cost of 

transfusion. In this project, we have developed three individual Time-resolved 

Fluorometric (TRF) immunoassays for the detection of anti-HIV antibody, anti-HCV 

antibody and HBsAg in infected human sera. For the detection of anti-HIV antibodies, 

a novel recombinant multiepitope diagnostic intermediate, r-HIV -MEP was designed 

by fusing virus specific, immuno-dominant, linear and phylogenetically conserved 

epitopes of HIV. For the detection of anti-HCV antibodies, a novel recombinant 

multiepitope diagnostic intermediate HCV-MEP V2 (r-HCV-MEP), was designed. 

The r-HIV-MEP and r-HCV-MEP V2 were in vivo biotinylated in E. coli, purified to 

homogeneity and used as capture antigens to develop in-house TRF immunoassays 

for the detection of anti-HIV and anti-HCV antibodies, respectively. The assays were 

evaluated using well characterized serum panels from Boston Biomedica Inc. (881). 

The results suggested that both of these MEPs were extremely sensitive and specific 

for the detection of HIV and HCV infections. Monoclonal antibodies 21 B and 5S 

specific for HBsAg were used to develop an in-house HBsAg TRF immunoassay. The 

HBsAg TRF immunoassay was evaluated by well characterized serum panel from 

BBl. The three individual in-house immunoassays were then combined to develop an 

HIV, HCV and HBV multiplexed TRF immunoassay. The multiplexed assay showed 

excellent sensitivity and specificity for the detection of all three infections. The use of 

fluorescent europium(III) chelate and europium(IJJ) nanoparticles as reporters further 

simplified these immunoassays by easy measurement of time-resolved fluorescence 

directly from the dry wells of microliter plate. The results show that a prototype 

multiplexed HIV, HCV and HBV TRF immunoassay was successfully developed. 

The 'know-how' of the design and production of novel r-HIV-MEP has been 

transferred to a leading diagnostics manufacturing company in India. 
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Review of literature 

1.1. Blood bank safety and WHO recommendations 

According to World Health Organization (WHO) estimates based on data collected 

from 172 countries (95% of the world's population), the annual global blood 

collection is 81.2 million units, out of which 55% is collected in countries with a high 

human development index (HOI) where only 18% of the world population lives. This 

is in contrast to the developing countries (medium and low HOI) where 45% of the 

global blood supply is available for almost 78% of the global population. Problems 

related to blood availability in many developing countries are multifactorial, and 

include lack of/ineffective implementation of nationally co-ordinated blood 

transfusion service, limited voluntary donor base, lack of quality assured screening for 

transfusion-transmissible infections, lack of technical expertise tn 

immunohematology, and inappropriate clinical use, coupled with political and 

economic instability. In the Southeast Asia region (SEAR) countries, whole blood 

(WB) is transfused in the following clinical situations: obstetrical cases (30%), 

pediatric patients (14%), general surgery (10%), trauma cases (7%), and for a 

miscellaneous group of disorders, not clearly categorized. This one-third utilization in 

obstetric cases is due to pregnancy-related hemorrhage, an increasing number of 

cesarean sections and pregnancy aggravated anemia [Marwaha, 20 I 0]. 

The provision of safe and efficacious blood and blood components for 

transfusion use involves a number of processes, from the selection of blood donors 

and the collection, processing and testing of blood donations, to the testing of patient 

samples, the issue of compatible blood and its administration to the patient. There is a 

risk of error in each process in this "transfusion chain" and a failure at any of these 

stages can have serious implications for the recipients of blood and blood products. 

Thus, while blood transfusion can be life-saving, there are associated risks, 

particularly the transmission of blood-borne infections. Screening for transfusion-

transmissible infections (TTis) to avoid transmitting infection from donors to 

recipients is a critical part of the process of ensuring that transfusion is as safe as 

possible. Effective screening for evidence of the presence of the most common and 

dangerous TTis can reduce the risk of transmission to very low levels. Blood 

transfusion services should therefore establish efficient systems to ensure that all 

donated blood is correct! d fl . tl 
y screene or specific TTis and lhal only non-reactive bJoou 

4 



Review of literature 

and blood components are released for clinical and manufacturing use. According to 

WHO recommendations mentioned in detail in 'Screening donated blood for 

transfusion-transmissible infections', each country should have a national policy on 

blood screening that defines national requirements for the screening of all whole 

blood and apheresis donations for transfusion-transmissible infections. Screening of 

all blood donations should be mandatory for the following infections and using the 

following markers (WHO, 2010]: 

• HIV -I and HJV -2: screening for either a combination of 1-1 IV antigen-antibody 

or HJV antibodies 

• Hepatitis 8: screening for hepatitis 8 surface antigen (1-IBsAg) 

• Hepatitis C: screening for either a combination of I-ICY antigen-antibody or 

I-ICY antibodies 

• Syphilis (Treponema pa//idwn): screening for specific treponema] antibodies. 

Screening of donations for other infections, such as those causing malaria, chagas 

disease or HTL V, should be based on local epidemiological evidence. 

The 'National Blood Policy' adopted in India, formulated by NACO (National 

Aids Control Organization) in 2002, followed by an 'Action Plan on Blood Safety' in 

2003, was a step towards improving blood safety [Marwaha, 20 I 0]. Currently under 

the Drugs and Cosmetics Act of India, it is mandatory to test blood for anti-1-IIV -I and 

-2, anti-1-ICV, HBsAg and syphilis [Elhence, 2006]. This requires inexpensive 

screening tests. Currently blood is screened for above mentioned infections in 

individual immunoassays. This greatly increases the cost of transfusion. The detection 

of HIV and I-ICY is based on the detection of antibodies to these pathogens using a 

cocktail of several synthetic peptides and/or full-length recombinant protein antigens; 

the presence of 1-IBV is identified through the detection of the virus-encoded 1-IBsAg 

antigen. 

In this study a prototype multiplexed immunoassay is developed, which 

proposes to make blood screening simple and cost-effective since only one diagnostic 

test has to be performed to screen for three viral infections (1-IIV, I-ICY and 1-IBV). 

This technology will allow for rapid and economical screening of blood, making more 

safe blood available for transfusion. 

5 
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I .I. Blood bank safet)' and WHO recommendations 

According to World Health Organization (WHO) estimates based on data collected 

from 172 countries (95% of the world's population), the annual global blood 

collection is 81.2 million units, out of which 55% is collected in countries with a high 

human development index (HDI) where only 18% of the world population lives. This 

is in contrast to the developing countries (medium and low HDI) where 45% of the 

global blood supply is available for almost 78% of the global population. Problems 

related to blood availability in many developing countries are multifactorial, and 

include lack of/ineffective implementation of nationally co-ordinated blood 

transfusion service, limited voluntary donor base, lack of quality assured screening for 

transfusion-transmissible infections, lack of technical expertise m 

immunohematology, and inappropriate clinical use, coupled with political and 

economic instability. In the Southeast Asia region (SEAR) countries, whole blood 

(WB) is transfused in the following clinical situations: obstetrical cases (30%), 

pediatric patients (14%), general surgery (10%), trauma cases (7%), and for a 

miscellaneous group of disorders, not clearly categorized. This one-third utilization in 

obstetric cases is due to pregnancy-related hemorrhage, an increasing number of 

cesarean sections and pregnancy aggravated anemia [Marwaha, 20 I 0]. 

The provision of safe and efficacious blood and blood components for 

transfusion use involves a number of processes, from the selection of blood donors 

and the collection, processing and testing of blood donations, to the testing of patient 

samples, the issue of compatible blood and its administration to the patient. There is a 

risk of error in each process in this "transfusion chain" and a failure at any of these 

stages can have serious implications for the recipients of blood and blood products. 

Thus, while blood transfusion can be life-saving, there are associated risks, 

particularly the transmission of blood-borne infections. Screening for transfusion-

transmissible infections (TTJs) to avoid transmitting infection from donors to 

recipients is a critical part of the process of ensuring that transfusion is as safe as 

possible. Effective screening for evidence of the presence of the most common and 

dangerous TTis can reduce the risk of transmission to very low levels. Blood 

transfusion services should therefore establish efficient systems to ensure that all 

donated blood is correctly screened for specific TTis and that only non-reactive blood 

• 
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1.2. Human Immunodeficiency Virus 

1.2.1. History and current epidemic patterns 

The human immunodeficiency virus (HIV) was isolated in 1983 for the first time just 

2 years after the description of a new disease affecting especially young homosexually 

active men; originally it had been named lymphadenopathy associated virus (LA V) 

and human T lymphotropic virus type III (HTL V-III) or AIDS related virus (ARV) 

[StUrmer ct al., 2009]. HIV, a lcntivirus of the family Retroviridae, is one of several 

viruses transmitted via blood transfusion [Allain ct al., 2009]. In 2008, there were 2.7 

million new HIV infections and 2 million HIV-rclatcd deaths. Globally, an estimated 

33.4 million people lived with HIV in 2008 (Figure 1.1) [UN AIDS, 2009]. HIV 

infection induces a profound immune dysfunction, with abnormalities in every arm of 

the immune system resulting in the most severe clinical stage - Acquired Immune 

Deficiency Syndrome, AIDS [Chinen and Shearer, 2002] 

Eastern Europ<l 
and Contra! Asia 

Western and 1.5 million 
C<ilntral Europo [1 "-1 7 rnolion) 

850 000 
North America 1710 000-970 0001 East Asia 
1.4 million 850000 

11 2-1 6 mll~onl [700 000-1 .0 mUIIonl 
Middle East 

and North Africa 
South and 

Caribbean 310 000 South-East Asia 
240 000 1250 000-380 0001 3.8 million 

1220 000-260 0001 13 "-4 3 mtl~on} 

Latin Am~ica 
Sub-Saharan 

Africa 
2.0million 22 .4 million }I 3-2 2 milllon} 120 8-24.1 m l10n} Oceania 

59 000 
151~000] 

Figure 1. 1. Adults and children estimated to be living with H IV in 1008 in different part of the 
world. 

1.2.2. The virus 

HIV RNA , which integrates into the host genome as a provirus, is approximately 9.2 

kilobascs in length [Mucsing ct al., I 985]. Like all viruses, HIV can replicate only 

inside cells, commandeering the cell's machinery to reproduce. Retroviruses have 
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genes composed of ribonucleic acid (RNA) molecules whereas the genes of humans 

and most other organisms arc made of deoxyribonucleic acid (DNA). However, once 

inside the cell, HI V and other retroviruses use the enzyme reverse transcriptasc to 

convert their RNA into DNA, which can be integrated into the human ce ll ' s genes. 

[Klimas et al. , 2008]. The genes of HJV arc located in the central region of the 

proviral DNA and encode at least nine proteins. These proteins arc divided into three 

classes, the major structural proteins (Gag, Pol and Env), the regu latory proteins (Tat 

and Rev) and the accessory prote ins (Vpu, Vpr, Vif and Net) (Figure 1.2) [Gal lo ct 

al. , 1988]. 

A Vif,Vpr,Nefand p7 

gp41 

Nucleocapsid 

B vif vpr rev vpu tat nef 

LTR gag pol tat env rev LTR 

.._....__.-=----'"___. 1 plO I P66/55 I p32 I 1 gp120 1 gp41 1 
Core structural Protease RT Integ rase Extra Intra 

proteins cellular cellular 

Envelope structural proteins 

Figure 1.1. Human Imm unodeficiency virus (HI V) : model structure and genome organi";.ation. (A) 
Model structure of 11/ V. (B) The integrared .fimn of 1//V-1 . also knm m as the pro1·irus. is 
approximate/\' 9.8 kilohases in leng th. Both end1· o{ the prm·ims are /Tanked hr a repeated sequr!nce 
knoH·n as the long terminal repeats (LTRs). The genes o(/ /I V are located in the cenlral region o{ the 
pro1·irol DNA and encodr! at lr!ast nine proleins. Thesr! protr! ins arl' di l'ided into lhree classes, the 
major slruclural proteins (Gag, Pol, and En v), the regulator\' proleins (Tat and Rev) and the acces.1·on• 
proteins (Vpu. Vpr. Vi(.' and Nef). 

1.2.3. Genotypes of H IV and its geographical distribution 

Two genetically distinct viral types of HIV have been identified, HIV-1 and HIV-2 

[Butler et al. , 2007]. HIV -1 is the type associated with disease in the Uni ted States, 

Europe, central Africa, Asia and most other parts of the world. H IV -2 has been found 

mainly in infected individuals in western Africa and is very similar to HIV-1 in that it 
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has the same tropism for cells of the immune system and causes illness that results 

from immune deficiency. All HIV types and subtypes are thought to be derived from 

zoonotic introductions from nonhuman primates [Tebit ct al., 2007]. H IV -I variants 

arc classified into three major groups: group M (main/major), group 0 (outlier), and 

group N (non-M/non-0). Group M, which is responsible for the majority of infections 

in the worldwide HIV -I epidemic, can be further subdivided into I 0 subtypes, or 

clades (A to K). Sub-subtypes and circulating recombinant forms (CRFs) have 

emerged over the past few decades [Buonaguro ct al., 2007]. Genetic variation for 

HlV-1 is especially high, with rapid turnover of HIV-1 virions. Over 20 different 

CRFs have been defined within group M alone. HIV-1 diversity in the worldwide 

epidemic is shown in Figure 1.3 [Aricn ct al., 2007]. The HIV-1 subtypes C and A 

account for the majority of HIV cases in the pandemic, but the other viral forms 

circulate globally. HIV -1 subtype 8 is predominant in North America, Western 

Europe, and Australia [Klimas ct al., 2008]. The first report ofHIV/AIDS infection in 

india was in 1986, and since then the virus has spread rapidly throughout the country. 

Both H IV scrotypcs I and 2 exist in India, and HIV -I subtype C is the most common 

subtype reported [ Agoramoorthy and Hsu, 2005]. 

~1\lbtypel Mtno, tubtyp .. C.rculttWIIN<~ tomn 

. So.Jbt~AI • '-' lb: 1JJ<0 0 lub!)Pt A . . """"" " · ~-·f . 02_ ... :, • HI¥·~ 

,.,.,.,.,. . · ~peA - ~~·J . ....., .. , · 0~_48 • •:_N' 0 u~ 1<><:-xY.bnant fOfm~ JVRI) 

~~~c . s..bly~ • .. • \ubrw •. Q t)O.cpt Cil oe.orv7_!( 

Fi~:ure 1.3. H/V-1 diversity in the worldwide epidemic. The .fi"equency of" each !/IV-I sulmpe and 
recomhinanf /iJim 1ras estimated in each cou/11/T based on published finJingv. The countries are 
colour-coded based on the dominant 1111 '-1 group main (M} suhtrpe. The counfries coloured grer hm·e 
o lmr le1•el of"!//1 '-1 prel'(llence or \\'ere not represented in the scientific li lera111re related to 11/V- 1 
.whtrpe prel'alence. The pie charts depict 1he proportion of" each suhf.tpe or recomhinanf /Orm in each 
geographical region. The si::.e ofthe pies is proportional to 1he numher of" !// V-I inlected inJi1·iduals i11 
thai part icular region 
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1.2.4. Disease 

1.2.4.1. Transmission 

The HIV transmission is driven by two forces leading to a worldwide spread: sexual 

intercourse and blood contamination. The latter occurs mostly by intravenous drug 

consumption in the western world, and by blood transfusion in combination with a 

highly increasing HIV incidence in developing countries [Sturmer et al., 2009]. HIV 

is one of several viruses transmitted via blood transfusion, through blood or blood 

products [Allain et al., 2009]. H IV is also spread through the practice of reusing or 

sharing syringes and needles with drugs. [Klimas et al., 2008]. The commonest route 

of transmission of HIV-1 is through heterosexual intercourse [McMichael, 2006]. 

HIV is spread most commonly by having unprotected sex with an infected partner. 

The virus can enter the body through the lining of vagina, vulva, penis, rectum or 

mouth during sex. The risk of infection during intercourse is greatly increased by 

concurrent sexually transmitted diseases, rough sex, or a partner with a very high viral 

load such as that seen in primary infection and again in late-stage disease [Klimas et 

al., 2008]. Postnatal transmission of HIV -I by breast milk is more important than 

previously believed and approximately doubles the risk of mother to child 

transmission [Grant and De Cock, 200 I]. 

1.2.4.2. Clinical symptoms 

Seroconversion refers to the development of antibodies to HIV and usually takes. 

place between I and 6 weeks after HIV infection has occured. Whether or not HIV 

infection causes initial symptoms, an HIV-infected person is highly infectious during 

this initial period and can transmit the virus to another person. The main HIV 

symptoms are summarized below [UN AIDS, 2008]-

• Primary HIV infection - may be asymptomatic or experienced as Acute retroviral 

syndrome 

• Clinical stage I -asymptomatic or generalized swelling of the lymph nodes 

• Clinical stage 2 - includes minor weight loss, minor mucocutaneous 

manifestations, and recurrent upper respiratory tract infections 

• Clinical stage 3 - includes unexplained chronic diarrhoea, unexplained persistent 

fever, oral candidiasis or leukoplakia, severe bacterial infections, pulmonary 
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tuberculosis, and acute necrotizing inflammation in the mouth. Some patients with 

clinical stage 3 have AIDS. 

• Clinical stage 4 - includes 22 opportunistic infections or cancers related to HIV. 

All patients with clinical stage 4 have AIDS. 

1.2.4.3. Therapy 

Most of the currently available drugs for the treatment of HIV inhibit functions of 

viral enzymes. HIV has a high mutation rate due to the infidelity of the reverse 

transcriptase. Because of an Anti-Rctroviral Therapy (ART), which is not fully 

suppressive, HIV mutants arc selected which replicate in the presence of the drug; 

hence, the drug is bound insufficiently to the enzyme [StUrmer et al., 2009]. There are 

presently six classes of ART available that interrupt viral replication: (a) 

nucleoside/nucleotide reverse transcriptase inhibitors, (b) nonnucleoside reverse 

transcriptase inhibitors, (c) protease inhibitors, (d) fusion inhibitors, (e) CCR5 

antagonists, and (f) integrase inhibitors. Each of these classes of drugs affects the HIV 

virus at a different stage in its life cycle. Current treatment consists of highly active 

antiretroviral therapy (HAART), that is, at least three drugs belonging to two classes 

of antirctroviral agents [Klimas ct al., 2008]. Time scale of the availability of antiviral 

drugs for the treatment of HIV is shown in Table 1.1 [Sturmer et al., 2009]. 

1.2.4.4. Vaccine 

Vaccine development has progressed slowly, due to the tremendous capacity of this 

virus to escape immune pressure as well as the number of strain variations. 

Nonetheless, with an improved understanding of effective host response to the 

infection and the ability to deliver viral antigens to the immune system in novel ways, 

vaccine development is being pursued vigorously [Gallo, 2005]. Since 1987, 

thousands of healthy human volunteers have participated in the testing of 30 candidate 

vaccines in >80 Phase !Ill trials. A June 2005 study estimated that $682 million has 

been spent on AIDS vaccine research annually [Klimas ct al., 2008]. A number of 

vaccine concepts are being pursued including live attenuated vaccines, subunit 

vaccines, and live recombinant vaccines. This essential research effort recently 

suffered a baffling setback. The first trial of a vaccine designed to elicit strong cellular 

immunity has shown no protection against infection. More alarmingly, the vaccine 
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seemed to increase the rate of HIV infection in individuals with prior immunity 

against the adenovirus vector used in the vaccine [Sekaly, 2008]. The field is still a 

long way from a testable vaccine that will efficiently induce neutralizing antibody 

responses. 

Table 1.1 Time scale of the availability of antiviral drugs for the treatment of 
HIV 

\Jm ~dli!:@!illiiJ~~o 
- - ----- - - -- -

1983 

1987 

1991 

1992 

1995 

1996 

1997 

1998 

1999 

2000 

2001 

2003 

HIV-1 isolated 

Zidovudine (RT) 

Didanosine (RT) 

Zalcitabinc (RT) 

Stavudinc (RT), Saquinavir (PR) 

Ncvirapinc (RT), lndinavir (PR), Ritonavir (RT) 

Nelfinavir (PR) 

Lamivudinc (RT) 

Abacavir (RT), Amprenavir (PR), Delavirdinc (RT) 

Lopinavir + ritonavir (PR) 

Tenofovir (RT) 

Emtricitabine (RT), Atazanavir (PR), Fosamprcnavir (PR), 

Enfurtidc (gp41) 

2005 Tripanavir (PR) 

2006 Darunavir (PR) 

2007 Maraviroc (CCR5) 

2008 Raltcgravir (IN), Etravirinc (RT) 

2009 Vicriviroc (CCR5), Elvitcgravir (IN), Rilpivirine (RT) 

* RT. Reverse Transcriptase: PR. Protease: IN. lntegrase: CCR5. Chemokine Coreceptorfor 1-J/V. 

1.2.5. Diagnosis 

After HIV infection, early immunological and virological blood markers appear in a 

chronological order and, in particular: HIV RNA, HIV p24 antigen (a protein coded 

by the gag gene), and antibodies to HIV antigens. Viral RNA (viremia) is measurable 

in plasma as early as within 2 weeks after infection (in general in I 0-12 days). Its 

titres increase exponentially, up to about I million copies of RNA/ml within a couple 
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of months [Butto et al., 20 I 0]. Many diagnostic tools are available that are based on 

both detection of HIV -specific antibodies and virus antigen, or nucleic acid. As 

technology evolves, HIV testing assays are being improved, providing better 

sensitivity and specificity. Qualitative and quantitative tests that are being used in 

laboratories, from the HIV antibody-based assays to the new tests for the detection of 

HIV nucleic acids are summarized below-

1.2.5.1. Qualitative tests 

First, second, third and fourth generation Enzyme lmmunoassays (EIAs) 

All antibody assays are based on the principle of a specific antigen-antibody reaction. 

In 1985, first generation EIA appeared. These assays employed "whole virus" 

antigens, obtained from cell cultures. Detection of antibodies bound to HIV antigens 

used an "indirect" approach. Their capacity to detect early HIV antibodies averaged a 

little more than 40 days after infection. In 1987, the second generation EIA was 

introduced. They used the same indirect format as the first generation assays, but the 

difference was the use of HIV recombinant antigens and peptides, instead of the full 

viral lysate. The introduction of recombinant antigens increased the specificity and 

sensitivity of the test. These tests reduced the window period, being able to detect 

antibodies as early as 33-35 days after infection. In the '90s, the problem of the huge 

variability of HIV became progressively evident. EIA kits started to include antigens 

from the HIV-2 virus, in order to ensure recognition of antibodies directed against 

both HIV -I and HIV -2. In addition, new antigens from viruses of the HIV -I groups 

M, N, and 0 were included. In 1994, third generation EIA was designed on a new 

format. Recombinant HIV -I and HIV -2 proteins and/or pep tides, bound on the solid 

phase, react with the patient serum. Antigen-bound antibody is revealed by the 

addition of the same viral antigen conjugated with an enzyme molecule. This 

"sandwich" format ensured higher sensitivity and specificity, since all potential 

classes of anti-HIV antibodies (lgG, lgM and lgA) could be revealed. This generation 

of tests drastically reduced the "window period", bringing it to about 22 days after 

infection. Recently, fourth generation assays have been introduced. These assays are 

able to reveal the presence of both the antibodies and p24, the major antigen of HIV 

and have further reduced the window period, at almost the levels of the detection of· 

virus RNA. However, high sensitivity tests can still have a lower specificity. Third 
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and fourth-generation EIA have an average specificity of 99.5% to 99.9%. Due to the 

possibility of non-specific reactivity inherent in any assay, all reactive screening test 

results must be confirmed, in order to exclude the risk of reporting non-specific 

reactivity as "positive" for HIV infection [Butto et al., 20 I 0; Sti.irmer et a!., 2009]. 

Confirmatory assays 

The most commonly used confirmatory assays are western blot (WB) and line 

immune assays (LIA). The WB is a confirmatory assay that is only carried out if the 

sample is reactive in the screening assay. Many of the commercially available WBs 

include antigens from both HIV-1 and HIV-2. The WB is a methodology for which 

denatured HIV proteins are blotted on strip of a nitrocellulose membrane, which is 

then incubated with patient serum. If the serum contains antibodies against the various 

viral proteins, they will bind to the corresponding protein. This antigen-antibody 

reaction is revealed using an enzyme-labeled secondary antibody and a substrate. A 

colorimetric reaction reveals the presence ofHIV proteins recognized by antibodies as 

bands on the strip. For HIV -I, proteins detectable by WB can be divided into three 

groups: the Env (envelope) glycoproteins (gp41, gp 120, gp 160), the Gag or nuclear 

proteins (p 17, p24/25, p55) and the Pol or endonuclease-polymerase proteins (p34, 

p40, p52, p68). Most of the commercially available WBs also include a protein from 

HIV -2 in order to detect both HIV -I and HIV -2 infections. The result of a WB may 

be either positive or negative or (in case of an incomplete pattern of visible bands) 

indeterminate, which may reflect borderline or non-specific reactivity. A great 

disadvantage of the WB assay is its high price. Assays similar to WB, generically 

called LIA, based on recombinant proteins and/or synthetic peptides capable of 

detecting antibodies to specific HIV -I and/or HIV -2 proteins, have been developed. 

Examples of this technology include the INNOLIA, Pepti-Lav, and RIBA assays. In 

general, these assays produce fewer indeterminate results as compared to WB, but are 

equally expensive [Butto et al., 20 I 0]. 

Rapid tests 

Today, a number of rapid HIV tests are available, also referred to as rapid/simple 

(RIS) test devices. Many rapid tests contain a 'built-in' internal control, e.g. a control 

band indicating whether the samples and reagents have been added correctly. At 
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present, many rapid tests are based on the principles of the second or third generation 

EIA with antigens from both HIV -I and HIV -2, and very few are structured as fourth 

generation tests. Rapid tests can present some problems of sensitivity. 

1.2.5.2. Quantitative tests 

Nucleic acid testing (NAT) allows the quantitative determination of the HIV -RNA 

viral load in plasma. Different methods have been applied for HIV -I nucleic acid 

detection such as PCR, nucleic acid sequence-based amplification (NASBA), 

branched DNA (b-ONA), and finally Taqman-PCR as a further refinement. The 

commercially available tests have high sensitivity and high throughput performance 

and have the ability to detect HIV -RNA during early seroconversion. Nucleic acid 

testing has nearly completely replaced virus isolation for all viruses and older 

methods of virus detection like immunofluorescence microscopy, since NAT is faster, 

and more sensitive [Sturmer et at., 2009]. The quantitative detection of HIV RNA in 

plasma is used as a prognostic marker, to monitor antiretroviral therapy and to 

estimate infectiousness. Today, 'ultra'-sensitive tests that detect as few as 50 RNA 

copies per cubic millimetre of plasma are commercially available. Viral load testing 

is, therefore, an indispensable clinical tool. Unfortunately, due to the need of skilled 

personnel and of expensive dedicated instrumentation, as well as the lack of the 

necessary organization to monitor HIV -positive ART - treated individuals, many 

developing countries cannot routinely use the currently available NAT assays. Finally, 

the problem of the increasing HIV variability can have a serious impact on NAT 

sensitivity. NAT screening in geographic regions where multiple subtypes and CRFs 

(circulating recombinant forms) are present can result in a failure to detect infection, 

since the primers and probes used may not bind and amplify to the nucleic acid of 

some HIV variants. Similar problems with the use of NAT can arise in countries 

where HIV -2 infection is endemic. All these reasons, together with the still 

complicated procedure for testing, drastically limit the use of HIV RNA testing in the 

diagnosis of HIV infection [Butto et al., 20 I 0]. 
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1.2.5.3. Currently available kits 

Currently, there are several diagnostic kits for HIV, available in the market. Some of 

them arc described in table 1.2. 

Table 1.2. Diagnostic kits for HIV 

.?,"':' . ' . . . . - . ' . • . - . - . · .. 
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EIA 
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Rad) 
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1.3. Hepatitis C Virus 

1.3.1. History and current epidemic patterns 

Hepatitis C virus was first detected in 1989 using molecular biology techniques after 

extensive testing of serum from experimentally infected animals. Ever since its 

discovery, it became clear that this virus was the major cause of acute hepatitis after a 

blood transfusion that was neither related to hepatitis A nor to hepatitis B (hence the 

early name for this disease, non-A, non-B hepatitis) [Mukhopadhya, 2008]. 

Geographic pattern of HCV prevalence is shown in figure 1.4. It has been estimated 

that the global prevalence of Hepatitis C virus (HCV) infection is around 3%, with 

170 million persons chronically infected with the virus and 3 to 4 million persons 

newly infected each year [Kamal, 2008]. 

Figure 1.4. Geographic pattern ofHCV pre11alence 

1.3.2. The virus 

Hepatitis C virus (HCY), an important human pathogen, is a small (40 to 60 nm in 

diameter), enveloped RNA virus, classified in the Hepacivirus genus of the 

Flaviviridae family. The HCV genome is a single-stranded, positive-sense RNA 

molecule approximately 9.5 kilo bases (kb) in length, with a single open reading 

frame encoding a polyprotcin of 3,0 I 0 to 3,033 amino acid residues, depending upon 
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the strain. The polyprotcin is processed by virus and host-cell encoded protcases, into 

several structural and non-structural polypeptides. There is also a non-coding region 

(NCR) of 324-341 nuclcotidcs at the 5' end and a 3' NCR of variable length including 

a poly (U) tract [Bartosch and Cosset, 2006; Czepiel et a!., 2008]. The three structural 

proteins arc the core and two-envelope polypeptides. The several non-structural 

proteins have various enzymatic functions [Tcllinghuiscn ct a!., 2007]. Model 

structure of HCY and genome organization is shown in Figure 1.5 [Irshad et al., 

2008]. Like other RNA viruses, the HCY genome exhibits substantial heterogeneity, 

which is the result of mutations that occur during viral replication. Within an infected 

person, HCY exists as a population of closely related yet heterogeneous variants, 

called quasispecies that result from the rapid development of mutations in the viral 

genome [Mukhopadhya, 2008]. 

o tAodclatruct urc of HCV 

- Cv•• 11· ,, o 

b Proteins oncoded by the HCV genome 

Figure 1.5. Hepatitis C virus (HCV): mode/structure and genome organi~ation. (a} Model stmcture 
ol IICV. The /efi-lwm/ side o/the illustration sho11·s the l'irctl sur/(tce ol euvelope lipid~ and 
glrcoproteim: the right-hand side sho11·s thl' RNA genome encapsulated hr capsid proteins. (b) 
Proteins !'ncoded br the IICV genome. I /CJ ' is jimned h1· w1 em·e/op!'d particle harboring a plus-
strand RNA oj' - 9.6 kb. The genome carries a long open-readingji·ame (ORF) encoding a pohprotein 
precursor o/3010 amino acid~. Translation o/the /ICV ORF is directed l'ia a - 340 nucleotide long 5' 
non-translated region (NTR) jimctioning as an internal rihosome enttT site: it permits the direct 
binding of' ribosomes in close proximitr to the start codon of'the OR F. The 1/CJ ' poh·protein is cleal'ed 
co- and post-translational/\· hr cellular and 1•iral pro/eases into ten dif/i•rent products. H'ith the 
.l'tructural proteins (core (C), E I and £27 located in the N-terminalthird and the nons/met ural (NS2 
5) replicatil·e proteins in the remainder. Putatil·e.fimctions of' the clea1'age products are sho\\'n. 
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1.3.3. Genotypes of HCV and its geographical distribution 

There arc 6 major (II total) known genotypes of HCV and many subtypes [Czepiel ct 

al., 2008]. They arc dispersed regionally to a certain degree and respond to treatment 

differently as well. There is high mutation rate in HCV, which is on account of 

imperfect proof reading ability of the viral R A-dependent RNA polymerase. As a 

result, different mutants of the parent strain co-exist as quasispccics in a single 

infected individual. Genotype of the virus docs not appear to influence disease 

presentation or severity of disease but has been identified as a major predictor of 

response to antiviral therapy. Most of the reported tudies from lndia seem to suggest 

a north south divide, wherein genotype 3 predominates in the north, cast and west 

India, whereas genotype I is more common in south India [Mukhopadhya, 2008]. The 

worldwide geographical distribution of HCV genotypes is shown in Figure 1.6. 

... . . . 
key 

Genotype 1 

Genotype 2 

Genotype 3 

Genotype ~ 

GenotypeS 

Genotype b 

Global distribution of HCV genotypes 

.. 

Figure 1.6. HCJI di11enity in the worldll'ide epidemic. The _li-equencr of each 1/CV genotrpe \\'OS 

estimated in each countrr. The pie charts depict the proportion of each genoflpe in each geographical 
region. 
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1.3.4. Disease 

1.3.4.1. Transmission 

I-ICY is spread primarily by contact with blood and blood products. Blood 

transfusions and the usc of shared, unsterilized, or poorly sterilized needles and 

syringes have been the main causes ofthc spread of !-ICY. The major high-risk groups 

for hepatitis C are people who have frequent exposure to blood products. These 

include patients with hemophilia, solid-organ transplants, chronic renal failure, or 

cancer requiring chemotherapy, health care workers who suffer needle-stick 

accidents, injection drug users, including those who used drugs briefly many years 

ago and infants born to !-ICY-infected mothers. Other groups who appear to be at 

increased risk for hepatitis C are people with high-risk sexual behaviour, multiple 

partners, sexually transmitted diseases, and tattooing/ body piercing [Czepiel et al., 

2008; Kamal, 2008; Mukhopadhya, 2008]. 

1.3.4.2. Clinical symptoms 

The incubation period of I-ICY is usually I 5-150 days from the moment of exposure, 

with an average of 40-50 days. No characteristic signs or symptoms are reported 

in I 0-30% of the cases. The symptoms may include mild stomach discomfort, 

sometimes flu-like symptoms, myalgia, arthralgia and low degree fever. Jaundice and 

liver enlargement occur in approximately one third of patients. Serum alanine 

aminotransferase (ALT) activity is usually elevated and may be I 0 times higher than 

normal. In 70-80% of patients there is a progression into a chronic process. In the 

course of long-standing chronic hepatitis, gradual damage to the liver develops. 

Basically, most individuals with chronic hepatitis do not exhibit any symptoms for a 

long time. The only sign of the disease may be fatigue. Dyspepsia or itching appears 

rarely. Serum ALT levels are normal or slightly elevated. Infrequently, serum 

y-glutamyl transpcptidasc, alkaline phosphatase and bilirubin levels are slightly 

increased. After ~20 years, liver ciJThosis develops and its typical symptoms and 

complications occur in about 20% of patients. Mortality among patients with liver 

cirrhosis induced by I-ICY infection - resulting from the development of portal 

hypertension, liver failure or primary liver cancer (hepatocellular carcinoma- I-ICC)-
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reaches 2-5% yearly, whereas the prevalence ofHCC development is about 1-4% per 

year [Czepiel et al., 2008]. 

1.3.4.3. Therapy 

Various reg1mens that have been approved as therapy for hepatitis C are: mono-

therapy with alpha interferon; combination-therapy with alpha interferon and 

ribavirin; mono-therapy with pegylated interferon; and combination-therapy with 

pegylated interferon and ribavirin (Table 1.3) [Stilrmer et al., 2009]. Currently, a 

combination of pegylated interferon a (PEG-IFN) and ribavirin over a period of 24-

48 weeks is used in the treatment of chronic hepatitis C. Introduction of pegylated 

interferon a has improved the effectiveness of the therapy for HCV infection. 

PEG-IFN a is the interferon conjugated with polyethylene glycol with a long half-life 

and improved bio-availability. Due to the introduction of the polyethylene glycol 

molecule, the drug remains longer in the bloodstream and its blood level is more 

stable. The effectiveness of treatment with interferon a and ribavirin reaches 37-42%, 

whereas that of PEG-IFN and ribavirin in patients with a non-1 genotype amounts to 

78%, and to 55% in patients with a I genotype [Czepiel et a!., 2008]. 

Table 1.3. Time scale of the availability of antiviral drugs for the treatment of 

HCV 

Year Drugs for the treatment ofHCV 

1989 HCV, identified by its genome sequence interferon a for treatment• 

1998 Interferon a+ ribavirin 

2001 Pegylated interferon a+ ribavirin 

2009 Albinterferon a -2b 

" fnlerleron delavs virus particle production in the cell and alters the immune response. but is not 
involved in the inhibition of the action olthe f-ICV po~vmerase or pro/ease 

1.3.4.4. Vaccine 

As with any RNA virus, rapidly mutating genomes such as HCV pose a huge obstacle 

to antiviral/ vaccine development and represent a major challenge to the field [Stoii-

Keller et al., 2009]. In addition, HCV acquires a lipid envelope, which originates from 

host membranes. Thus, the lipid composition of the HCV envelope resembles that of 

the host cell membrane and this clever mimicry probably allows HCV to avoid 
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detection by the immune system [Sharma, 20 I 0]. Formidable obstacles remain to be 

overcome before a generally useful HCV vaccine is available. However, the lack of 

any other animal model than the chimpanzee, has confounded the development of 

antiviral compounds active against this agent [Irshad et al., 2008]. 

1.3.5. Diagnosis 

There have been remarkable advances in diagnostic testing for hepatitis C virus 

(HCV) over the past decade. This has included progressive improvement in both the 

sensitivity and specificity of tests for antibodies to HCV (anti-HCV). These tests now 

provide rapid means of identifying individuals who have been infected with hepatitis 

C. Qualitative and quantitative tests for HCV RNA provide a molecular basis for 

determining the presence of viremia. Qualitative tests for HCV RNA have become the 

gold standard of successful antiviral therapy. Finally, determining the HCV genotype 

and viral load has become increasingly important in guiding the duration of 

combination therapy with interferon and ribavirin [Scott and Gretch, 2007]. As a 

result, HCV testing has become the mainstay of both diagnosis and management of 

patients with hepatitis C [Stilrmer et al., 2009]. We review the currently available 

qualitative and quantitative diagnostic tests for hepatitis C-

1.3.5.1. Qualitative tests 

The most commonly used assay for anti-HCV is the enzyme immunoassay (EIA), in 

which viral antigens are embedded in the wells of a microliter plate. Antibodies, 

directed against any of these antigens, in patients' sera, will adhere to the well. Rapid 

detection of antibodies is facilitated by adding anti-immunoglobulins containing a 

colorimetric marker. The advantages of this technique include ease of automation, 

highly reproducible results, and low cost. 

First, second and third generation of anti-HCV EIA 

In 1989, the scientists at Chiron reported first-generation EIA for HCV usmg 

recombinant HCV protein C-1 00-3, from NS4 region of HCV polyprotein [Kuo et al., 

1989]. This immunoassay detected anti-HCV antibodies in 80% of patients 

developing NANB (Non A Non B hepatitis) after transfusion and in 60% of patients 

with all the clinical signs of NANB but without an identifiable source of infection. 
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Many limitations of the first-generation EIA were overcome by the introduction of the 

second-generation EIA for anti-HCV (EIA-2). This assay contains antigens from the 

core and non-structural proteins - NS3 and NS4 regions of the HCV genome 

[Bhattacherjee et al., 1995]. Approximately 92-95% of patients in whom chronic 

hepatitis C is suspected, can be detected using this second-generation EIA. The use of 

this test shortened the window from blood transfusion to the first detection of anti-

HCV to approximately I 0 weeks compared with an average of 16 weeks with the 

first-generation EIA. An improved version of 2"d generation has been approved by US 

FDA for screening blood donors. This third generation EIA (EIA-3) contains re-

configured core and NS3 antigens and an additional antigen from the NS5 region of 

the HCV genome [Bresters, 1992]. This test offers a slight improvement in sensitivity 

over the EIA-2 test, particularly in low-risk settings such as a blood bank. The time 

from infection to anti-HCV seroconversion is shortened to 7-8 weeks in 

approximately 30% of patients [Barrera et a!., 1995]. However, because of the distinct 

geographical distribution of the HCV, worldwide, all these EIAs do not perform to the 

required sensitivity in all parts of the world. 

Recombinant immunoblot assays (RIBA) 

Because of the high false-positive rate of EIA assays, particularly in low prevalence 

settings such as blood banks, supplemental tests for anti-HCV have been developed. 

These tests contain the same antigens as the corresponding EIA assay. However, in 

the commonly used recombinant immunoblot assays (RIBA, Chiron Corporation, 

Emeryville, CA) individual HCV antigens are displayed on a nitrocellulose strip. As a 

result, antibodies against specific HCV antigens can be identified. A positive RIBA 

assay requires at least two reactive bands. The RIBA 2.0 assay, which contains the 

same antigens as the EIA-2 assay, has been the most commonly used supplemental 

assay for anti-HCV. A RIBA 3.0 assay, which has an additional antigen from NS5 

region of HCV genome, has been approved for use by blood banks as a supplemental 

test for EIA-3 positive test results. This test has the advantage over the RIBA-2 assay 

of fewer indeterminate results and a better correlation with the presence of viremia 

[Tobler et al., 2000]. However RIBA formats remain extremely expensive, and 

because of difference in the genotypes of circulating HCV worldwide, RIBA may not 

perform to similar levels of sensitivity in all parts of the world. 
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Rapid dot assays 

These represent one of the earlier rapid test formats and are usually supplied in kits as 

individual cassettes with extraction and wash buffers included. The test principle 

involves a flow of fluid containing the analyte through a porous membrane and into 

an absorbent pad. A second layer, or sub-membrane, inhibits the immediate back-flow 

of fluids, which can obscure results. These tests can be used to detect both antibodies 

and antigens. To detect antibodies and antigens, the corresponding capture is bound or 

immobilized as a dot or line on the membrane. This reagent "captures" the analyte as 

it flows through the membrane. Earlier flow-through tests used enzyme immunoassay 

(EIA) principles to generate signal, but later these tests have successfully used 

colloidal gold [Damen et al., 1995]. 

Lateral flow assay system 

Lateral flow tests are also called immunochromatographic strip (ICS) tests. ICS tests 

are used for the specific qualitative or semi-quantitative detection of many analytes 

including antigens, antibodies, and even the products of nucleic acid amplification 

tests. One or several analytes can be tested for simultaneously on the same strip. 

Urine, saliva, serum, plasma, or whole blood can be used as specimens. Extracts of 

patient exudates or fluids have also been successfully used. To perform the test, a 

sample is placed on the sample pad on one end of the strip. The tracer reagent is 

solubilized and binds to the antigen or antibody in the sample and moves through the 

membrane by capillary action. If specific analyte is present, the tracer reagent binds to 

it, and a second antibody or antigen, immobilized as a line on the nitrocellulose, then 

captures the complex. If the test is positive, a pink/purple line develops. All tests 

include an internal procedural control line that is used to validate the test result. 

Appearance of two lines, therefore, indicates a positive result, while a negative test 

produces only one line. 

1.3.5.2. Quantitative tests 

There are 3 types of tests available for assessing the quantity of circulating HCV RNA 

in patients with chronic hepatitis C: quantitative reverse transcription- PCR, real-time 

PCR, and branched-chain DNA (b-DNA). Quantitative PCR tests include MONITOR 

2.0 (Roche Diagnostics) and SuperQuant (National Genetics Institute); they provide 
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comparable results. The b-ONA method differs from reverse transcription-PeR tests 

in that the detection signal is amplified rather than target RNA. The third generation 

assay (VERSANT b-ONA 3.0, Bayer Corp, Tarrytown, NY) has a lower limit of 

detection of 615 I U/mL and an upper range of 7. 7 million IU/mL. It is highly 

reproducible and the specificity ranges from 96% to 9R.8%. A critically important 

advance in molecular diagnostics has been the adaptation of real-time PCR methods 

to quantify I-ICY RNA. Using TaqMan technology, real-time PCR yields quantitative 

results with comparable sensitivity to qualitative tests. In addition, real-time PCR can 

accurately quantify I-ICY RNA levels over a linear range exceeding 6 logs (ie, 10 

IU/mL to 100 million JU/mL) for purposes of therapeutic monitoring. Therefore, a 

single test result serves the purpose of both quantitative and qualitative I-ICY NA Ts. 

The assay is faster and more cost-effective than the other techniques and has already 

replaced other NAT testing platforms at many institutions. However, real-time PCR 

assays arc presently available only as in-house tests. Because the initial I-ICY RNA 

quantification techniques reported results in different units, direct comparisons were 

often difficult. With the adoption of a World Health Organization international 

standard, units from different assays are now inlerconvcrtible. However, because 

there is still variability between the various assays, it is recommended that clinicians 

use the same assay throughout the treatment course of any given patient [Scoll and 

Gretch, 2007]. 

1.3.5.3. Currently available kits 

Currently, there are several diagnostic kits for I-ICY, available in the market. Some of 

them are described in table 1.4. 
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Table 1.4. Diagnostic kits for HCV 

Manufacturer Format Kit Antigens Number of Assay Type antigens 

Ortho HCY 3.0 C22-3, c200 and NS5 (Ortho diagnostics) 3 Indirect EIA 

Abbott HCV EIA 3.0 HC-43, c I 00-3, NS5 (Abbott Laboratories) 3 Indirect EIA 

Abbott HCV EIA CI00-3, HC-31, HC-34 Solid phase 

2.0 coated beads 3 polystyrene beads, 
Indirect EIA 

Abbott IMx HCV MEIA C200, c22-3, HC34, HC 4 For usc on the IMx 
31 system 

Chiron RIBA I-ICY 3.0 C33c, NS5, 5-1-1, ciOO, 5 SIA (Strip 
c22 immunoblot assay) 

Abbott Matrix Abbott NS4 (yeast), NS4 lmmunoblot, 

I-ICY (E.coli), NS3, Core 3 For usc on matrix 
system 

Monolisa Anti- I-ICY 
(Sanofi diagnostics) Core, r-NS 3, NS 4 3 Indirect EIA 
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1.4. Hepatitis B Virus 

1.4.1. History and current epidemic patterns 

Hepatitis B virus (HBV) was identified in 1970 and is one of the most widespread and 

pathogenic viruses in the world, causing liver cirrhosis and hepatocellular carcinoma 

after years or decades of chronic infection [Allain et al., 2009]. Hepatitis B virus is 

one of the major global public health problems. HBV infection is the I Oth leading 

cause of death and HBV related hepatocellular carcinoma (HCC) is the 5th most 

frequent cancer worldwide. It is estimated that approximately 2 billion people - one 

third of the world's population has serological evidence of current or past infection 

with HBV. Of these, an estimated 350 million arc chronically infected with HBV and 

approximately l million persons die annually from HBV -related chronic liver 

diseases, including severe complications such as liver cirrhosis (LC) and HCC [Datta, 

2008]. Geographic pattern ofHBsAg prevalence is shown in Figure 1.7. Prevalence of 

HBsAg ranges between 0.1% and 25% in populations of blood donors, the highest 

being found in West Africa, the lowest in Western Europe and North America [Allain 

etal. , 2009]. 

HBsAg Prevalence 
I >8'1.. High 

2-8% - Intermediate 

<2%-Low 

Figure I. 7. Geogrt~phic pattern ofHBsAg prevalence 
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1.4.2. The virus 

The HBV is a small DNA virus with unusual features similar to retroviruses. It is a 

prototype virus of the Hepadnaviridae family. Related viruses arc found m 

woodchucks, ground squirrels, tree squirrels, Peking ducks, and herons. Based on 

sequence comparison, HBV is classified into eight genotypes, A to H. Each genotype 

has a distinct geographic distribution. The infectious HBV virion (Dane particle) has a 

spherical , double-shelled structure 42 nm in diameter, consisting of a lipid envelope 

containing hepatitis B surface antigen (HBsAg) that surrounds an inner nucleocapsid 

composed of hepatitis B core antigen (HBcAg) complcxed with virally encoded 

polymerase and the viral D A genome [Liang, 2009]. The genome of HBV is a 

partially double-stranded circular DNA of about 3.2 kilobase (kb) pairs. The partially 

double-stranded HBV contains four partly overlapping open reading frames (ORFs): 

'C' that encodes for core protein (HBcAg) and 'c' antigen (HBcAg); 'P ' for 

polymerase (reverse transcriptasc) protein (POL), 'S' for envelope proteins (the three 

forms of HBsAg known as small (S), middle (M) and large (L)) and 'X' for a 

transcriptional trans-activator protein (Figure 1.8) [Echevarria and Avellon, 2006; 

Liang, 2009] 

lllk ·l~ 

1.4.3. Genotypes of HBV and its geographical distribution 

Figure 1.8. Orp;anhation of 
the J-1 B V genome, 
comtstmg of four 
overlapping ORFs- C, P, S 
and X. Some o( them ha1·e 
/11 '0 or three codon1· /i>r 
initiation o/ transcription 
(asterisks) and IIW\' 

smthesi::e different \'ira/ 
proteins that share common 
amino acid sequences. 

Eight genotypes of hepatitis B virus (A- H) arc currently recognized, and 

subgcnotypcs have recently been described in four of these genotypes (A, B, C and 

F). The genotypes show a distinct geographical distribution between and even within 
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regions (Figure 1.9) [Kramvis ct al., 2005]. Genomic hypcrvariability can be viewed 

as a defense mechanism that allows HBV to escape selection pressures imposed by 

antiviral therapies, vaccines and the host immune system. It is also responsible for the 

worldwide genetic diversity of HBV strains that separates the virus into genotypes, 

subgenotypcs and subtypes (Table 1.5) [Hollinger, 2007]. 
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Figure /.9 Global distribution ofthe eight genotypes of hepatitis B virus. The 1111111/Jers next to the pie 
charts are the 1111111/Jer ol isolates genol!ped The si::e or the pie char/ \\'US adjusted so that all the 
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Table 1.5. Genotypes and subtypes of HBV and their predominant geographical 
locations 

A adw2, aywl Europe, India, Africa, N. America 

8 adw2, aywl Asia 

c adw2, adr, ayr Asia 

D ayw2, ayw3 Worldwide 

E ayw4 W. Africa, Madagascar 

F adw4 Central America, S. America 

G adw2 S. America, Europe 
-

H adw4 Central America, US 
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1 .4.4. Disease 

1.4.4.1. Transmission 

Hepatitis 8 virus is transmitted by contact with the blood or other body fluids (i.e. 

semen and vaginal fluid) of an infected person. Modes of transmission are the same 

for the human immunodeficiency virus (HIV), but HBV is 50 to I 00 times more 

infectious. Unlike HIV, HBV can survive outside the body for at least 7 days. During 

that time, the virus can still cause infection if it enters the body of an uninfected 

person. Common modes of transmission in developing countries are perinatal (from 

mother to baby at birth), early childhood infections (inapparent infection through 

close interpersonal contact with infected household contacts), unsafe injections 

practices, blood transfusions and sexual contact [WHO, 2008]. In many developed 

countries (e.g. those in Western Europe and North America), patterns of transmission 

are different than those mentioned above. Today, the majority of infections in these 

countries are transmitted during young adulthood by sexual activity and intravenous 

drug injections. HBV is a major infectious occupational hazard of health workers. 

HBV is not spread by contaminated food or water, and cannot be spread casually in 

the workplace. The virus incubation period is 90 days on average, but can vary from 

about 30 to 180 days. HBV may be detected 30 to 60 days after infection and persist 

for widely variable periods of time. 

1.4.4.2. Clinical symptoms 

Hepatitis B virus can cause an acute illness with symptoms that last several weeks, 

including yellowing of the skin and eyes Uaundice), dark urine, extreme fatigue, 

nausea, vomiting and abdominal pain. People can take several months to a year to 

recover from the symptoms [WHO, 2008]. Infected individuals with acute hepatitis 

who have persistently (>6 months) high levels of HBsAg or those who maintain 

HBcAg positivity after symptoms resolve, are likely to develop chronic infection. In 

patients who develop chronic hepatitis B (CHB), the acute stages of infection are 

often asymptomatic. The clinical course of chronic infection can be variable, with the 

activity of the disease fluctuating over time. In a proportion of patients, the disease 

can be rapidly progressive, and cirrhosis may be established within a decade of initial 

infection. Patients who fail to clear the virus and continue to have active hepatitis are 
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at increased risk of developing cirrhosis and hepatocellular carcmoma (HCC) 

[Bowden, 2006]. 

1.4.4.3. Therapy 

There is no specific treatment for acute hepatitis B. Care is aimed at maintaining 

comfort and adequate nutritional balance, including replacement of fluids that are lost 

from vomiting and diarrhoea. Chronic hepatitis B can be treated with drugs, including 

interferon and anti-viral agents (Table 1.6) [Stiim1er et al., 2009]. 

Table 1.6. Time scale of the availability of antiviral drugs for the treatment of 

HBV 

~ ~~Cilf11IJJY 
I 

1992 Interferon a " 

2000 Lamivudine 

2003 Adefovir 

2005 Pegylated interferon a 

2007 Entecavir, Telbivudine 

2008 Tenofovir 

2009 Clevudine 

" fnler(eron delays vims parlicle produc/ion in !he cell and al!ers !he immune response, but is not 
involved in the inhibition o{the action of the HBV polvmerase. 

1.4.4.4. Vaccine 

Plasma derived 

The first available vaccmes were produced by harvesting the hepatitis B surface 

antigen (HBsAg) from plasma of chronic HBsAg carriers. These plasma-derived 

hepatitis B vaccines were developed in France and the USA and became 

commercially available between 1981 and 1982. These immunogenic vaccines 

contained highly purified - 22 nm HBsAg particles inactivated through a combination 

of urea, pepsin, formaldehyde, and heat. Because of safety concerns, the plasma 

derived vaccines are no more in use. 
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Recombinant DNA technology derived 

Several vaccine manufacturers used recombinant DNA technology to express HBsAg 

in HBV transfected yeasts (i.e. Saccharomyces cerevisiae). This led to the 

development of recombinant DNA hepatitis B vaccines, the so-called "second" 

generation hepatitis B vaccines. These, by now the mostly used recombinant hepatitis 

B vaccines, were commercialized in 1986. The small envelope S protein is released 

from the transfected yeasts and purified to eliminate the yeast components by several 

physical separation techniques (i.e. filtration, chromatography). The expressed 

H8sAg polypeptides then self assemble into immunogenic spherical particles almost 

identical to the 22-nm viral-like particles found in serum of hepatitis B carriers. These 

particles can act as passport to immune recognition [Grgacic and Anderson, 2006]. 

These can form aggregates of polymeric forms [Tleugabulova et al., 1998]. Currently 

used yeast-derived hepatitis 8 vaccines are highly efficacious and safe and widely 

used in all five continents. Long-term immune memory against the small HBsAg (also 

termed S antigen) was unequivocally demonstrated in vaccines using plasma- and 

yeast-derived first- and second-generation hepatitis 8 vaccines, respectively. During 

the 1990s, the so-called third-generation hepatitis 8 vaccines were developed in HBV 

transfected mammalian cells. Third-generation recombinant triple-antigen (pre-S I, 

pre-S2 and S) vaccines have been reported to be effective for revaccination of people 

who had an inadequate response to current vaccines [Rendi-Wagner et al., 2006; 

Zuckerman et al., 200 I] or in immuno-suppressed HBV patients after liver 

transplantation [Lo et al., 2007]. 

1.4.5. Diagnosis 

H8V surface antigen (HBsAg) is the early detection marker that is being used to 

detect HBV in blood donors [Hollinger, 2007]. The development of serological assays 

to detect hepatitis 8 surface antigen (HBsAg) has played a major role in the diagnosis 

of hepatitis 8 virus (H8V) infection. With other hepatitis 8 serological assays, a 

diagnosis of acute or chronic HBV infection, past infection, or successful vaccination 

can be determined. However, serological profiles can at times be atypical or 

ambiguous. Some of these difficulties may be overcome by 1-!BV DNA testing, which 

may elucidate an individual's true hepatitis B status [Bowden, 2006]. There are a 

number of antigen and antibody tests used to assess the phase of infection in persons 
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with chronic HBV. Additionally, the level of virus in the blood can be measured to 

give a viral load result. These tests are essential in determining if and when to treat 

and are also used during treatment to determine when treatment can be stopped. The 

qualitative and quantitative tests for the detection ofHBV infection are as follows-

1.4.5.1. Qualitative tests 

There are several serologic markers for the detection of HBV infection e.g. HBsAg, 

HBeAg, Anti-HBs (or HBsAb: antibody against HBsAg), Anti-HBe (or HBeAb: 

antibody against HBeAg) and Anti-HBc. The envelope protein of the virus, HBsAg 

(Hepatitis B virus surface antigen), is the primary serological marker for diagnosis of 

HBV infection. During the typical course of HBV infection, HBsAg increases in 

concentration during the acute phase of disease, then declines and becomes 

undetectable as virus-neutralizing antibodies (anti-HBs) appear and infection resolves. 

In about 5% of infected adults and 90% of childhood cases, the virus establishes a 

chronic infection marked by continued positivity for HBsAg. The first detectable 

antibody after infection is the antibody to the HBV core antigen (anti-HBc-IgG and 

lgM). Anti-HBc JgG remains detectable both in cases where chronic infection is 

established and rfter resolution of infection, and thus its presence is indicative of 

either current acute, current chronic or past infection. 

Prevention of transfusion-transmitted HBV has historically relied on serologic 

screening of blood and plasma donations for HBsAg, beginning with first generation 

HBsAg assays introduced in I 97 I. There are >40 commercially available HBsAg 

assays currently in use around the world and they vary significantly in format and 

sensitivity. Assays may utilize single or multiple monoclonal antibodies and/or 

polyclonal antibodies to capture and detect antigen in a variety of formats including 

enzyme immunoassays (EIAs), agglutination methods, and microparticle assays with 

fluorescent or chemiluminescent detection systems. Sensitivity of HBsAg assays is 

expressed in nanograms (ng) of surface antigen per mL. The most sensitive assays 

detect HBsAg levels ::;0.1 ng/mL [Kuhns and Busch, 2006]. 

In addition to screening blood donations for HBsAg, some countries (e. g. the US) 

also screen for anti-HBc to detect anti-HBc reactive chronic carriers with low level 

viremia who lack detectable HBsAg. Tests for detection of anti-HBc antibodies vary 
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in format, with some assays constructed as direct, sandwich assays while others use 

an inhibition assay approach. Total anti-HBc assays typically detect both IgG and 

lgM antibody classes, in contrast to anti-HBc IgM tests, which are used to identify 

acute HBV infection in the diagnostic setting. Countries that are highly endemic for 

HBV typically do not screen for anti-HBc [Kuhns and Busch, 2006]. 

1.4.5.2. Quantitative tests 

New commercial assays with wider dynamic ranges and lower limits of detection 

have now become available, and a World Health Organization (WHO) international 

standard for HBV DNA has been established, allowing for comparisons of assay 

results expressed as international units per milliliter (U/mL). HBV DNA detection and 

quantification offers several advantages other than being an adjunct to serological 

testing. Recent data indicate that there is a direct association between HBV viral load 

and the development of HCC and the risk of HCC increases with increasing HBV 

load. HBV viral load also provides the most useful parameter for determining 

eligibility for antiviral therapy and for monitoring the effectiveness of therapy. 

Quantification is achieved in the AMPLICOR HBV MONITOR test (Roche 

Diagnostic Systems, Branchburg, NJ) by the simultaneous coamplification of a 

quantification standard with the HBV DNA in the test sample. The Roche COBAS 

TaqMan HBV Test is one of the new-generation real-time PCR assays that measures 

the DNA product in the early exponential phase of amplification when the reaction is 

at its most efficient. The ability to monitor accumulating PCR product in real time has 

been brought about by using fluorescent chemistry. The signal is proportional to the 

amount of PCR product present and greatly increases the dynamic range of the assay. 

Another real-time assay, the Rea!Art HBV PCR kit (formerly Artus-Biotech and now 

marketed through QIAGEN Diagnostics, Hamburg, Germany), contains ready-to-use 

reagents specifically designed for different real-time platforms. Reagents are provided 

for use on the ABI Prism instruments (Applied Biosystems, Foster City, CA) 

employing the TaqMan technology. For the LightCycler instrument (Roche 

Diagnostics), the assay uses the fluorescence resonance energy transfer (FRET) 

technology to monitor the fluorescence intensity. Molecular assays for HBV DNA can 

be useful for resolving ambiguous serological patterns, but the major role of HBV 

DNA assays is their use in patients undergoing antiviral therapy. HBV load is 
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important for detem1ining treatment eligibility, monitoring treatment efficacy, and 

identifying the early development of resistance. In addition, the analysis of viral 

dynamics on therapy may provide an early indication of therapy outcome and 

determine which treatments arc optimal [Bowden, 2006). 

1.4.5.3. Currently available kits 

Currently, there arc several diagnostic kits available in the market for the detection of 

HBsAg. These kits use monoclonal and/or polyclonal antibodies for the detection of 

HBsAg in a sandwich immunoassay format. Some of these kits are: Prism HBsAg 

(Abbott GmbH & Co, KG), Enzygnost HBsAg 5.0 (Siemens Healthcare Diagnostics 

Products GmbH), Advia Centaur HBsAg (Siemens Healthcare Diagnostics Inc.), 

Elecsys HBsAg 11 (Roche Diagnostics GmbH), Murcx HBsAg Version 3 (Abbott 

Murex Biotech, Ltd.), DS-IFA-HBsAg (RPC Diagnostic Systems), Architect HBsAg 

(Abbott GmbH & Co, KG) , AxSYM V2 (Abbott GmbH & Co, KG), Hepascan 

HBsAg Immunocnzymc TS (BioServicc Borovsk), EIAgcn HBsAg Kit (Adaltis Jtalia 

S.p.A.), ETJ-MAK 4 J-IBsAg EIA ( Diasorin S.p.A.), Monolisa HBsAg Ultra (Bio-

Rad Laboratories, Inc.), Vectohep B- J-IBs-antigen (Vector Best Novosibirsk). 
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1.5. Overview of the expression systems for production of 

recombinant protein 

The use of recombinant DNA technology to express polypeptides in foreign host cells 

successfully opened the way for production of large quantities of proteins by genetic 

engineering. When selecting a protein expression system, a number of considerations 

must be made, including the intended use, time frame, availability of resources, and 

the characteristics of the recombinant product. The choice depends on factors such as 

the need for post-translational processing to obtain a biologically active product, 

toxicity of the recombinant product on the host and the amount of protein needed. 

These considerations affect the choice of expression system and type of promoter to 

be used [AnandaRao ct al., 2006; Yang et al., 2004; Yang ct al., 2009]. Comparison of 

the major characteristics of different expression systems is provided in Table 1.7. 

Table 1.7. Comparison of expression systems 

Desired characteristics Bacteria Yeast Insect Mammalian 
Cell culture 

Cell growth Rapid Rapid Slow Slow 
Complexity of growth Minimum Minimum Complex Complex Medium 
Cost of the growth medium Low Low High High 

Expression level High Low to High Low to High Low to 
Moderate 

Secretion to Secretion into Secretion into Secretion 
Extra cellular Expression periplasm medium medium into 

Medium 
Post-Translational 
Modifications 

Refolding Refolding Proper Protein folding usually maybe required Proper folding folding required 

N-linked glycosylation None High mannose Simple, no sialic Complex acid 
0-linkcd glycosylation No Yes Yes Yes 
Phoshorxlation No Yes Yes Yes 
Acetylation No Yes Yes Yes 
Acylation No Yes Yes Yes 

lJ..-Carboxylation No No No Yes 

Expression in E. coli is often used for the production of large quantities of protein 

because high expression levels can be obtained. Moreover, expression in E. coli is 

inexpensive, can be regulated fairly easily, and some systems arc designed to facilitate 

purification. Among the many systems for protein production, the Gram-negative 
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bacterium E. coli remains most attractive because of its ability to grow rapidly and at 

high density on inexpensive substrates, its well characterized genetics and the 

availability of large number of cloning vectors and mutant host strains [Ashraf et al., 

2004; Santala and Lamminmiiki, 2004]. Most of the E. coli expression vectors used 

for high-level protein production contain regulated promoters that are based on the lac 

operon. Under optimal conditions, up to I 0-40% of the total cellular protein, in an 

IPTG-induced or heat induced E. coli culture, can be the protein product of the cloned 

gene [Chugh et al., 2006; Talha et al., 20 I 0]. Many types of E. coli expression vectors 

are designed to produce fusion proteins that contain affinity 'tags' at the amino or 

carboxy terminus of the expressed protein. Examples of commonly used affinity tags 

in E. coli expression systems are shown in Table 1.8. 

Table 1.8. Affinity tags used in E. coli expression systems 

Affinity tag Size Affinity ligand for purification 

6xHis tag 0.84 kDa Ni-NT A-Agarose 

Glutathione S-transferase 26 kDa Glutathionc-Sepharosc 

Protein A 30 kDa lgG-Sepharose 

Maltose binding protein 40 kDa Amylose-Sepharose 

1.6. In vivo biotinylation of recombinant proteins 

The high affinity binding interaction of biotin to avidin or streptavidin has been used 

widely in biochemistry and molecular biology. Key features of the interaction 

between biotin and avidin/ streptavidin are its extraordinarily high affinity (i.e. Kd = 

10-15 M) and extremely slow dissociation rate [Choi-Rhee ct al., 2004]. These 

properties have been exploited by researchers who have attached biotin 'tags' to 

proteins for protein detection, purification purposes, immobilization of proteins, co-

immunoprecipitation studies or to monitor specific protein-protein interactions 

[Ashraf et a!., 2004]. Usually in vitro protein biotinylation is performed for these 

applications, whereby lysine residues of target proteins are modified by chemical 

agents such as biotin-N-hydroxysuccinimide or similar acylating agents. A limitation 

of this approach, however, is that such chemical techniques may disrupt the protein 

conformation and/or its biological function, particularly if critical lysine residues are 

modified. An alternative site-specific in vivo biotinylation procedure would clearly be 
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superior [Smith et a!., 1998]. There are examples, in nature, of proteins which are 

specifically biotinylated in vivo. These proteins typically act as biotin transporters and 

are involved in metabolic carboxylate transfer processes within the cell. E. coli 

contains only one such biotinylated protein, the biotin carboxyl carrier protein 

(BCCP), a subunit of acetyl-CoA carboxylase. BCCP is specifically biotinylated by 

biotin holoenzyme synthetase (BirA), the product of the chromosomal hirA gene 

[Santala and Lamminmaki, 2004]. BirA functions by catalyzing activation of biotin 

by ATP to form biotin-5 '-adenylate, with subsequent covalent linkage of the biotin 

moiety to the £-NH2 group of a specific BCCP lysine residue [Smith et a!., 1998]. 

BAP (biotin acceptor peptide), a 24 amino acid (aa) sequence, is a part ofBCCP and 

is the minimal peptide substrate for in vivo biotinylation by BirA. BirA biotinylates 

the 13th aa, which is a lysine, of the BAP [Tsao eta!., 1996]. Biotinylation with BirA 

enzyme at a single lysine residue solves several problems associated with traditional 

chemical-mediated biotinylation method, including random and heterogeneous 

modification, inactivation of protein biological function, cross-linking, and 

aggregation after mixing with streptavidin or avidin [Yang et a!., 2004]. The chief 

advantage of this approach is that, unlike chemical reagents, enzymatic biotinylation 

assures that all molecules will be immobilized in a uniform, bioactive orientation on a 

streptavin coated microtiter plate [Tsao eta!., 1996]. 

1.7. Streptavidin: highly functional and dense solid phase matrix 

The multiplexing objective requires surfaces of high functional capacity and stability 

while at the same time having insignificant non-specific interactions. Most of the 

presently used immunoassays utilize binding of a specific antigen or antibody on a 

solid phase. Commonly used solid phases are 96-well polystyrene microtiter plate. 

For the immunoassay purposes, the microtitration well surfaces are passively coated 

with capturing antigen or antibody to allow analyte immobilization. Passive coating of 

capture antigen/ antibody on the solid surface exhibits several disadvantages, e.g. (i) 

solid phases could be heterogeneous in their binding behaviour, causing major 

problems with reproducibility of binding capacity (ii) the binding sites of coated 

capture molecule could be less accessible than those in solution, due to the coating 

process (iii) binding avidity of the capturing agent could be decreased causing weaker 
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binding, leading to faster dissociation of the antigen-antibody bonds and lower 

sensitivity of the tests [Schetters, 1999]. 

Direct adsorption of antibodies on the plastic surface may destroy the 

functional sites to even less than one-tenth of the original activity. Studies have shown 

that the protein activity could be preserved when the capturing antibody was 

immobilized as a secondary layer over a primary coated layer such as via streptavidin-

biotin linkage. In addition, streptavidin-coated wells provide a universal 

immobilization surface for any biotinylated molecule and therefore tedious 

optimization of adsorption conditions for a number of different antibodies or antigens 

could be avoided [Valimaa ct al., 2003]. 

Avidin and streptavidin have extremely high affinity towards biotin (KA 

1.7xl015 and 2.5x10 13 M-1
, respectively) [Huhtinen et al., 2004]. The formation 

(affinity) constant of avidin or streptavidin with biotin, is among the highest 

formation constants reported, which is about I 03-106 times greater than for the 

interaction of ligands with their specific antibodies. This high affinity ensures that, 

once formed, the complex is not disturbed by changes in pH, the presence of 

chaotropes, or manipulations such as multiple washings when the complex ts 

immobilized. A vi din or streptavidin binding to biotin is specific enough to ensure that 

the binding is directed only to the target of interest. Biotin is a small molecule (244.31 

Da) that, when introduced into biologically active macromolecules, in most cases 

does not affect their biological activity [Diamandis and Christopoulos, 1991]. In 

addition, avidin and streptavidin permit radical chemical modifications without losing 

the biotin-binding characteristics [Huhtincn ct al., 2004). 

Strcptavidin-coated plates can be utilized for immobilization of biotinylated 

capture antibodies, antigens, nucleic acids and even small size biotinylatcd molecules 

such as biotinylatcd peptidcs and oligonucleotides, which arc otherwise difficult to 

immobilize directly. In addition to these general uses, an advantage of strcptavidin-

coatcd surface is the better preserved biological activity of the immobilized molecule 

compared to direct passive adsorption [Valimaa and Laurikainen, 2006). Streptavidin 

has four binding sites for biotin. Because of adsorption of strcptavidin to the solid 

phase or covalent binding to the carrier, one or two of these sites might be lost but still 

two to three remain active. The binding capacity for the biotinylatcd antibody or 
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antigen is at least doubled, resulting in higher surface density of biotinylated capture 

molecule [Schetters, 1999]. Generally, the streptavidin-biotin technology provides a 

valuable tool in clinical diagnostics like immobilization of the molecules on the solid 

phase or signal amplification. Therapeutic applications of biotin-streptavidin use are, 

e.g., delivery of drug molecules to pre-targeted cancer cells [Valimaa et al., 2003]. 

1 .8. Lanthanide chelates and nanoparticles 

Different from organic fluorescence dyes, fluorescent lanthanide complexes of 

europium (Eu), terbium (Tb), samarium (Sm), and dysprosium (Dy) (Figure 1.10) 

have the fluorescence properties of long fluorescence lifetime, large Stokes shift and 

sharp emission profile, which make them favourable to be used as the fluorescent 

labeling reagents for microsecond time-resolved fluorescence bioassay. Lanthanide 

complex-based fluorescence labels have been successfully used for highly sensitive 

time-resolved fluorescence immunoassay, DNA hybridization assay, cell activity 

assay, and bio-imaging microscopy assay. Since the technique allows easy distinction 

of the specific fluorescence signal of the long-lived label from short-lived background 

noises associated with biological samples, scattering lights (Tyndall, Rayleigh and 

Raman scatterings) and the optical components (cuvettes, filters and lenses), the 

sensitivity of fluorescence bioassay has been remarkably improved. Lanthanide 

reagents can take advantage of time-resolved fluorescent technology [Yuan and 

Wang, 2005]. Further advancement in the field of lanthanide reagents is the use of 

nanoparticles. These nanoparticles arc doped with several thousand lanthanide 

chelates, which enhance the signal tremendously and thus increase the sensitivity 

[Valanne et al., 2005; Xia et al., 2009]. 

Figure 1.10. Sm, Eu, Tb and Dy belong to Lanthanide series of Periodic Table. Atomic no. of" each 
lanthanide is shown a/ the lop in each cell. Complexes ollan!hanides allow time-reso/ved.fluorescence 
measurement. which reduces background.fluorescence and increases sensitivity olthe assay 
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J .8. 1. Long life time of fluorescence 

Compared with organic fluo rescence dyes, fluo rescent lanthanide complexes have 

very long fluorescence lifetime (usually over several hundred microseconds or more 

than I ms for Eu(III) and Tb(ll l) chelates, and I 0- 100 JtS fo r Sm(l ll) and Dy( lll ) 

chelates (Figure 1.11 A) [Yuan and Wang, 2005]. Time-resolved fl uorometry (TRF), 

employing long-lifetime fluorescen t lanthanide chelate labels, has been routine ly 

applied in in vitro diagnostics fo r two decades . The benefits of TRF technology are 

based on the spectral and temporal resolution of label detection allowing highly 

sensitive assays of biological samples. In addition, the fluorescence has a long 

lifetime enabling a delayed fluorescence measurement on a scale of microseconds 

(Figure 1.11 B). The de layed measurement increases the sensitivity of the assay since 

most of the background fluo rescence occurri ng due to biological materials has a short 

lifetime that decays prior to triggering the detect ion [Huhtinen ct al. , 2005]. 
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1 .8.2. Large stokes shift 

Stokes shift is the difference in wavelength between positions of the band maxima of 

the absorption and emission spectra of the same electronic transition. It is named after 

Irish physicist George G. Stokes. When a system absorbs a photon, it gains energy 

and enters an excited state. One way for the system to relax is to emit a photon, thus 

losing its energy. When the emitted photon has less energy than the absorbed photon, 

this energy difference is the Stokes shi ft (Figure 1.12). The fluorescence of lan thanide 
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chelates features a wide Stokes shift and a narrow emission band [Huhtinen et al. , 

2005]. Fluorescent lanthanide complexes have absorption maxima generally below 

400 nm, and emit fluorescence maximally around 615 , 545 , 643 , and 574 nm for 

Eu(lll), Tb(III), Sm(Ill), and Dy(lll)chclatcs, respectively. Fluorescent lanthanide 

complexes have a very sharp emission profile with the full width at half maximum of 

-10 nm [Yuan and Wang, 2005]. 
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1.8.3. Europium(III) chelate 

Figure 1.12. Excitation and 
emtsswn maxima of 
europium(/11) chelate. The 
di(/"erence in H"ave/engths of" 
excitwion and emission 
maxima is called stokes shi/i. 
H"hich is - 275 11111 in case of" 
europium(///) chelate. 

The intrinsically fluorescent nonadentatc curopium(lli) chelate was used in this study, 

hereafter this will be referred to as curopium(IIl) chelate. The chelate is highly 

fluorescent , soluble in water, and provides effective shielding of europium from 

water. The mentioned chelate forms a nine-coordinate complex with the metal ion 

(Figure 1.13), thus providing high thermodynamic stability and minimal fluorescence 

quenching by water. Due to the two sugar side groups incorporated with the chelate 

structure, the complex is soluble in water which facilitates a gentle and efficient 

coupling via the isothiocyanatc group of the chelate and decreases the tendency of 

nonspecific binding. The synthesis and full description of fluorescent properties of the 

europium(III) chelate has been described earlier [Lode et al., 2003 ; Pettersson et al., 

2003]. The usc of fluorescent curopium(III) chelate enables simplified, rapid and 

universal test protocols to be constructed for a wide range of analytical applications 

because of the case of labeling with europium(! II) chelate and easy measurement of 

fluorescence directly from the dry wells without adding any substrate or stopping the 

reaction. Europium chclates have a long lifetime of fluorescence, which can be 
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specifically detected through the time-resolved measurement. Thus, avoiding 

disturbance from sources of short-lived fluorescence, this gives a high signal to 

background ratio, making the system highly sensitive [Lode et al., 2003; Pettersson et 

al., 2003; Talha et al., 2010]. 

Energy 
absorption 

1.8.4. Europium(III) chelate doped nanoparticles 

Figure 1.13. Molecular 
structure of intrinsically 
fluorescent nonadentate 
europium(J/1) chelate. 
The different functional 
parts of the chelates 
(energy absorption, 
energy transfer, metal 
chelation, conjugation 
site) are indicated in the 
figure. An isothiocyanate 
(NCS) group is usedfor 
conjugation to primmy 
amino groups of 
proteins. 

Most common strategies utilized for improvement of the detection limit in an 

immunoassay have been amplifying labels and multiple labeling [Kricka, 1994]. The 

use of multiple labeling to maximize the number of labels attached to a biomolecules 

has been limited due to the interference of the labels to the antigen-antibody binding 

and increased fractional non-specific binding. 1 07 nm polystyrene europium(III) 

nanoparticle, used as a label in this study, is doped with ~30 000 europium(III) 

chelates, thus the use of europium(III) nanoparticle tremendously enhances the signals 

and the bulkiness of the label is compensated by the multiple biomolecules covalently 

linked on the surface of a single nanoparticle [Harma et al., 2001; Soukka et al., 

200 I]. The fluorescence properties and standardization of the europium (III) chelate-

doped Fluoro-Max ™ polystyrene nanoparticles (107 nm in diameter, >30 000 

chelates per particle) (Seradyn Inc., Indianapolis, IN) have been fully described in 

previous publications [Harma et al., 200 I; Soukka et al., 200 I]. Europium(III) 

chelate-doped polystyrene nanoparticles are known to enable high sensitivity of the 

assay [Harma et al., 2001; Valanne et al., 2005]. The nanoparticle approach enabled 

an immediate surface-readout measurement from the excitation area without any 
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enhancement or amplification step. The use of europium(III) nanoparticle label 

technology has huge potential because of its simple-to-perform coating protocol and 

high fluorescence, which makes the system highly sensitive even for samples 

containing very low titres of analyte, thus enabling the detection of early 

seroconversion and borderline samples. 

1.9. Multiplexed immunoassay 

1.9.1. Concept 

Currently, blood banks carry out separate tests of variable test formats for HIV, HCV 

and HBV detection. This greatly increases the cost of transfusion. The detection of 

HIV and HCV is based on the detection of antibodies to these pathogens using a 

cocktail of several synthetic peptides and/or full-length recombinant protein antigens; 

the presence of HBV is identified through the detection of the virus-encoded HBsAg 

antigen. The multiplexing concept seeks to develop reliable and inexpensive 

screening test for the detection of multiple analytes, simultaneously. A major and 

central phase of the multipexing is the combination of the individual, validated test 

concepts into a single test compartment sharing a common capture phase 

(homogenous mix). Possible loss of test performance (e.g. sensitivity) and non-

specific cross-talk between analytes or reagents are likely to require further 

optimization to allow the essential specifications of each individual analyte to be 

reached. In order to avoid redesign of an individual test or binding reagent at this 

stage it is essential that cross-analyte combinations are included already in the early 

phase of screening of the different reagent versions. 

1.9.2. Current status 

Currently, there are no multiplexed immunoassay kits available in the market, though 

multiplexed nucleic acid tests (NATs) are available, e. g. Chi ron Procleix Tigris and 

Roche Co bas S 20 I NAT systems for simultaneous detection of HIV /HCV RNA and 

HBV DNA. There are some studies where multiplexing of immunoassays have been 

done in different formats. In one approach, quantum dot-barcodes based immunoassay 

was developed for the simultaneous detection of antibodies to HIV, HCV and HBV 

using r-gp41, r-NS4 and r-HBsAg antigens, respectively [Kiostranec et al., 2007]. 

Although this assay showed high sensitivity it was unable to detect antibodies to other 

antigens of HIV (p24, gp36 of HIV-2 and gp41 of HIV 0), HCV (Core, NS3 and 
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NS5) and the acute biomarker for HBY (HBsAg). In another approach a lateral flow 

immunochromatography format was developed for the simultaneous detection of 

antibodies to HIY -1 and -2, Myobacterium tuberculosis (TB) and I-ICY [Corstjens et 

al., 2007]. The results presented in this study indicated that multiple antibody test 

lines were feasible. Multiplexed analysis of combined specimens with high loads of 

antibodies against HIY, I-ICY and TB did not show relevant interference and the assay 

showed good detection capability for the detection of antibodies against above 

mentioned pathogens. 

1.9.3. Challenges 

The multiplexing procedure demands careful development and optimization of the 

various capture reagents in order to avoid nonspecific binding and to prevent 

undesired cross-reactivity of the analytes [Corstjens et al., 2007; Klostranec et al., 

2007]. Development of multiplexed immunoassay requires rigorous validation of 

assay configuration and analytical performance to minimize assay imprecision and 

inaccuracy [Kellar et al., 2006]. Challenges associated with multiplexed configuration 

include selection and immobilization of capture ligands, calibration, interference 

between antibodies and proteins and assay diluents, and compatibility of individual 

assays. Analytical validation of multiplexed immunoassay performance should be 

conducted before clinical validation. Proposed analytical performance criteria should 

include range of linearity, analytical specificity, limits of detection and comparison to 

a quality reference method. Technical and operational challenges have hindered 

implementation of multiplexed assays in clinical settings. Formal procedures that 

guide multiplexed assay configuration, analytical validation, and quality control are 

needed before broad application of multiplexed arrays can occur in the in vitro 

diagnostic market [Ellington et al., 20 I 0]. 
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2. Aims and Objectives 

Blood screening is an established, mandatory activity in developed countries, but is 

frequently insufficient in performance or lacking, in developing and least developed 

countries. Blood transfusion saves lives and improves health, but millions of patients 

requiring transfusion do not have timely access to safe blood. While the need for 

blood is universal, there is a major imbalance between developing and industrialized 

countries, in access to safe blood. Moreover, with the advances in medical and 

surgical specialties, the demand for safe blood and blood components has also 

increased throughout the world. The WHO recommends that all blood for transfusion 

should be screened for HIV, hepatitis B and hepatitis C and syphilis. Although, 

developing countries are home to more than 80% of the world's population, yet many 

of them do not have safe blood supply. As pregnant women are one of the main 

groups of patients requiring blood transfusion in developing countries, together with 

children, they are particularly vulnerable to blood transfusion associated infections. 

Keeping in view the risk of transfusion-transmissible infections in several developing 

countries, there is an urgent need for developing inexpensive strategies for safe blood 

transfusion. Currently, blood banks carry out separate tests of variable test formats for 

HIV, HCV and HBV detection. This greatly increases the cost of transfusion. 

The proposed project aims to develop an affordable, robust, simple and sensitive test 

technology/system for multiplexed testing ofHIV, HCV and HBV in blood banks. 

Specific aims: 

The main objective of the project was to develop a multiplexed assay for the detection 

of HIV, HCV and HBV using lanthanide chelate as reporter. This proposal aims to 

provide a comprehensive, robust test technology, of uncompromised performance, for 

infectious disease testing (HIV, HCV and HBV) for implementation in developing 

world blood banks. The specific aims of this study can broadly be categorized as 

follows:-

• Generation of analyte-specific reagents and assay concept building 

• Establishing a highly functional and dense solid phase matrix 

• Application of lanthanide chelate reporter technology 

• Optimizing and validating europium chelate based analyte concepts 

• Multiplexing the individual test concept 
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3.1. Materials 
3.1.1. Bacterial strains, expression plasmids and synthetic genes 

E. coli strain DH5a and BL2l(DE3) used for all the cloning experiments were 

purchased from Invitrogen Life Technologies (Carlsbad, USA). Plasmids pET-28b(+), 

pET-32a(+) and pETDuet-1 were obtained from Novagen (Madison, USA). Plasmid 

pDW363 was obtained from Addgene Inc. (Cambridge, USA). The synthetic gene, 

codon optimized for expression in E. coli, encoding the r-HIV -MEP antigen was 

custom-synthesized as a BamHI/Hindiii fragment in pPCRscript by Geneart AG 

(Regensburg, Germany). The synthetic gene, codon optimized for expression in E. coli, 

encoding the r-HCV-MEP antigen was custom-synthesized as an EcoRIIHindiii 

fragment in pPCRscript by Geneart AG (Regensburg, Germany). 

3.1.2. Primers for PCR amplification 

Primers for PCR amplification were procured from Sigma-Aldrich Pvt. Ltd, 

Bangalore, India. Primers and their sequences are mentioned in Table 3.1. 

Table 3.1. Primers for PCR amplification 

s. 
Primer Sequence* 

no. 

I BAP forward (Nco!) 5' CATGCCATGGCTGGAGGCCTGAAC 3' 

2 BAP reverse (Bam HI) 5' CGCGGATCCGCTCGAGCCACCAGTGTC3' 

3 BirA forward (Ndel) 5'GGAATTCCATATGAAGGATAACACCGTGCCAC3' 

4 BirA reverse (Kpnl) 5'CGGGGTACCTTATTTTTCTGCACTACGCAGGG3' 

*Sequences underlined in black represent the restriction enzyme sites designed within the primers. 

3.1.3. Restriction endonucleases and DNA modifying enzymes 

Restriction endonucleases, calf intestine alkaline phosphatase and T4 DNA ligase used 

in all routine cloning and transformation experiments were procured from MBI 

Fermentas (Burlington, Canada). Taq- and Pfu-polymerase for PCR screening were in-

house preparations. 
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3.1.4. Molecular biology kits, chromatography columns and molecular markers 

Qiagen kits for gel extraction, plasmid mini and midi prep and Ni-NT A super flow for 

protein purification were purchased from Qiagen (Maryland, USA). HiTrap Protein G 

HP chromatography column, NAP-5 and NAP-I 0 columns for gel filtration 

chromatography were obtained from GE Healthcare (Uppsala, Sweden). Nanosep 

omega centrifugal filter tubes (300 kDa cut-off) were obtained from Pall Life 

Sciences (Ann Arbor, USA). DNA size markers (I kb DNA ladder and 123 bp ladder) 

were procured from Invitrogen life technologies (Carlsbad, USA). Low molecular 

weight protein markers for SDS-PAGE were obtained from Amersham Bioscience 

UK Ltd. (Buckinghamshire, England). Pre-stained protein markers for monitoring 

Westem transfer of SDS-PAGE fractionated proteins were procured from Bio-Rad 

Laboratories (Hercules, USA). 

3.1.5. Immunochemicals 

Goat anti-human JgG was purchased from Pierce (Rockford, IL). Nitrocellulose 

membranes were supplied by Advanced Micro devices Pvt. Ltd. (Ambala Cantt, 

India). Avidin peroxidase was purchased from Calbiochem-EMD Biosciences (La 

Jolla, USA). Goat anti-mouse IgG-HRPO and mouse anti-penta-His IgG were 

procured from Qiagen (Maryland, USA). 

3.1.6. In-house positive and negative human sera 

A panel of over 70 samples of HBsAg positive and negative human sera was obtained 

from Turku University Hospital, Turku, Finland. A panel of over 50 negative samples 

was obtained from local hospitals. 

3.1.7. Serum panels from Boston Biomedica Inc. (BBI), now SeraCare Life 

Sciences Inc. (Milford, USA) 

Table 3.2. Serum panels from Boston Biomedica Inc. 

PaneiiD Name of panel 
PRB 931 HIV -I seroconversion panel 
WWRB 302 Worldwide HIV Eerfonnance panel 
WWHV 301 Worldwide HCV performance panel 
PHV 901 HCV seroconversion _panel (HCV Genot)Y-C I a) 
PCA 201 Viral co-infection performance Eancl 
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3.1.8. General Chemicals, media components and other solutions 

Table 3.3. General chemicals and their source 

Description Source 
Acrylamide Sigma-Aldrich Co., St. Louis, USA 

Ammonium sulfate Merck Ltd., Mumbai, India 

Ammonium per sulfate Invitrogen Life Technologies, Carlsbad, USA 
Agarose DNA grade Invitrogen Life Technologies, Carlsbad, USA 
Ampicillin Invitrogen Life Technologies, Carlsbad, USA 
Arginine Sigma-Aldrich Co., St. Louis, USA 
Bacto Agar Becton, Dickinson and Company, Sparks, USA 
D-Biotin Shaanxi Sciphar Biotechnology Co., Xi'an, China. 

Biotin isothiocyanate Department of Biotechnology, Turku University, Turku, 
Finland 

Boric acid Serva, Heidelberg, Germany 
Bovine serum albumin Sigma-Aldrich Co., St. Louis, USA 
Brij 35 Sigma-Aldrich Co., St. Louis, USA 
Bromophenol blue Sigma-Aldrich Co., St. Louis, USA 
Calcium chloride Sigma-Aldrich Co., St. Louis, USA 
CHAPS Serva, Heidelberg, Germany 
EDC Fluka, Switzerland 
EDTA USB Corporation, Cleveland, USA 
Ethanol Bengal Chemicals Ltd., Calcutta, India 
Ethidium bromide Boehringer Manheim, GmbH, Germany 
Europium(lll) chelate Department of Biotechnology, 

Turku University, Turku, Finland 
Europium(lll) chelate-doped 
Fluoro-Max TM polystyrene Seradyn Inc., Indianapolis, USA 
nanoparticles 
Kanamycin Invitrogen Life Technologies, Carlsbad, USA 
Gentamycin Invitrogen Life Technologies, Carlsbad, USA 
Glycerol Sigma-Aldrich Co., St. Louis, USA 
~)'cine Serva, Heidelberg, German)' 

Hydrochloric acid Merck Ltd., Mumbai, India 
Imidazole Sigma-Aldrich Co., St. Louis, USA 
I sopropy 1-~-D Calbiochem-EMD Biosciences, La Jolla, USA thiogalactopyranoside (IPTG) 
Luria Bertani medium Becton, Dickinson and Companuarks, USA 
13-Mercaptoethanol Sigma-Aldrich Co., St. Louis, USA 
NHS Fluka, Switzerland 
Polyvi n)j_pyrro I idone Sigma Chemical Co.,St. Louis,USA 
Propanol Merck Ltd., Mumbai, India 
Potassium Dihydrogen Sigma-Aldrich Co., St. Louis, USA 
~hosphate 

PMSF Sigma-Aldrich Co., St. Louis, USA 
Sodium bicarbonate Sigma-Aldrich Co., St. Louis, USA 

so 
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-
Sodium chloride Sigma-Aldrich Co., St. Louis, USA 
Sodium hydroxide Sigma-Aldrich Co., St. Louis, USA 
Sodium phosphate Sigma-Aldrich Co., St. Louis, USA 
di-Sodium hydrog~hosQhate Serva, Heidelberg, German)' 
SDS Sigma-Aldrich Co., St. Louis, USA 
Sulfuric acid Merck Ltd., Mumbai, India 
TEMED Sigma-Aldrich Co., St. Louis, USA 
TMB membrane peroxidase Amresco, Solon, USA substrate 
Tris USB corporation, Cleveland, USA 
Triton X-1 00 Sigma-Aldrich Co., St. Louis, USA 
Tween-20 Sigma-Aldrich Co., St. Louis, USA 

Media components and other solutions 

LB (Luria-Bertani) Medium (1 L): I 0 g tryptone, 5 g yeast extract, 10 g NaCI. 

Sterilized by autoclaving at 15 psi, 121 °C, for 20 min. 

LB agar: LB medium containing 20 g/1 agar. Sterilized by autoclaving at 15 psi, 

121 °C, for 20 min. 

Ampicillin stock solution: I 00 mg/ml in water, filter sterilized and stored in aliquots 

at -20°C until further use. 

Kanamycin stock solution: 50 mg/ml in water, filter sterilized and stored in aliquots 

at -20°C until further use. 

Solutions for plasmid midiprep: 

Solution I: 25 mM Tris-CI (pH 8.0), I 0 mM EDT A (pH 8.0); autoclaved and stored at 

40C. 

Solution 2: 0.2 N NaOH (freshly diluted from I 0 N NaOH), 1% Sodium dodecyl 

sulphate (SDS). 

Solution 3: 5 M potassium acetate (60 ml), glacial acetic acid (11.5 ml), double 

distilled water (28.5 ml), stored at 4°C. 

Delfia enhancement solution: I 00 mM Acetic acid, pH 3.2, 6.8 mM potassium 

hydrogen phthalate, 50 j..tM tri-n-octylphosphine oxide, 15 j..tM 4,4,4 trifluoro-1-

(naphth-2-yl) butane I ,3-dione, I g/1 Triton X-1 00 
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3.2. Methods 

3.2.1. Development of expression system for in vivo biotinylation of recombinant 

MEPs in £. coli 

Biotinylation takes place with the help ofBirA (biotin holoenzyme synthetase), which 

biotinylates BAP (biotin acceptor peptide), which is the minimal substrate for in vivo 

biotinylation by BirA. Vector pET-32a(+) was digested with restriction enzymes Xba! 

and Nco! and the gene encoding -Trx (thioredoxin-6xHis) was cloned into the 

respective sites ofpET-28b(+) vector (Figure 3.2A). The resultant vector pET-28b(+)-

Trx was further used to clone BAP gene. The gene encoding BAP was PCR amplified 

from vector pDW363 (Figure 3.1) using BAP forward primer and BAP reverse 

primer. PCR amplified BAP gene was digested with restriction enzymes Nco! and 

BamHI and cloned into the respective sites of pET-28b(+)-Trx vector. The resultant 

expression vector pET-28b(+)-Trx-BAP was further used to clone the gene encoding 

r-MEP in an open reading frame to express Trx-BAP-r-MEP fusion protein. 

Recombinant clones were selected on kanamycin (50 jlg/ml) containing medium and 

the inserts were further verified by restriction digestion analysis of the recombinant 

plasmid DNAs. 

BirA gene was PCR amplified from pDW363 using BirA forward primer and 

BirA reverse primer. PCR amplified BirA gene was digested with restriction enzymes 

NdeJ and Kpn! and cloned into the respective sites in MCS 2 of pETDuet-1 vector 

(Figure 3.28). Recombinant clones were selected on ampicillin (I 00 jlg/ml) 

containing medium and the insert was verified by restriction digestion analysis of the 

recombinant plasmid DNA. The resultant expression vector pETDuet-1-BirA was 

used for co-transformation with expression vector encoding biotinylated MEPs [pET-

28b( + )-Trx-BAP-r-MEP]. 

3.2.2. r-HIV-MEP and in-house anti-HIV TRF immunoassay 

3.2.2. 1. Design of r-H IV -MEP 

To design an r-HIV-Multi-Epitope Protein (r-HIV-MEP) that could be of diagnostic 

utility, linear and conserved immunodominant epitopes, known to elicit anti-HIV 

antibodies, were selected based on published literature. Multiple sequence alignment 

of antigens encoded by different HIV types with the selected immunodominant 
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epitopes ofr-HIV-MEP was performed. The selected epitopes were linked together by 

flexible (gly)4 peptides. The software modeling ana lysis of the three dimensional 

structure of the r-HIV -MEP was can·ied out to check the accessibility of all the 

epitopes. 

A 

Xbal Xhol 

pDW363 
(8.5kb) 

M130ri 

pET-28b(+) 
(5.4 kb) 

Figure 3.1. Plasmid l'ec/or pDIV363 fhr the production 
o/" hiotinl'lated MolE protein in E. coli (Tsao e/ a/. 
/996). The Biotin acceptor peptide-SAP (whstrate jhr 
en::rmutic hiotinrlotion hy BirA) is Ji!I!Olred. in .fi"ame. 
hr the ORF of" MalE. pDW363 is designed in a u·ur so 
that u·hen ORF~ that terminate ll'ith a slop codon are 
inserted upstream o/ BirA, it gives rise to dicistronic 

Hindlll mR.VA. u·herein the/irs/ readingJi'(llne encodes aji1sion 
rmT protein substrate .fi!r en::ymalic hiolinrlation and !he 

second reading .fi·ume encodes BirA. The \'ector carries 
!he pBR322 deri1·ed ColE/ rep/icon. The plasmid can he 
propagated in E. coli using ampicillin as a selection 
marker. 

B 

pETDuet-1 
(5.4kb) 

Ndel 
Bg/11 
Munl 
EcoRV 
NgoA IV I 
Fse I 
Sgfl 
Aatll 
Kpnl 
Xhol 
Pacl 
Avril 

Figure 3.2. Expression vector p£T-28b(+) and pETDuet-1. (A) In pET-28h(+). the multiple cloning site 
(MCS! is preceded by a T7 promoter. The \'ector carries the pBR322 deri1·ed ColE/ rep/icon and lac/ 
gene. The \'ector can he propagated in E. coli using kanwnrcin as a selection markr!r. (8) pETDuet-1 is 
designed jiJr the co-expression o/" fH'O target genes. The \'ector contaim 1\\'o MCS, each of' 1rhich is 
preceded hr a T7 pmmoter. The \·ector carries the pBR322 deri1•ed ColE/ rep/icon and lac/ gene. The 
\'ector can he propagated in E. coli using ampicillin as a selec!ionmarker. 
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3.2.2.2. Cloning and expression of r-HIV -MEP in£. coli expression plasmid 

The synthetic gene, encoding the r-HIV-MEP antigen was custom-synthesized as a 

BamHIJHindlll fragment in the Gcncart vector pPCRscript. The Gcneart vector 

containing r-HIY-MEP gene was digested with restriction enzymes BamHI and 

Hindi II and cloned into the respective sites of expression vector pET -32a( +) (Figure 

3.3), in-frame with the vector-encoded thiorcdoxin protein and 6x-His tags, under the 

control of T7 promoter. Recombinant clones were selected on ampicillin (I OOf.lg/ml) 

containing medium and the insert was further verified by restriction digestion analysis 

of the recombinant plasmid DNA. 

T7T MCS 

pET-32a(+) 
(5.9 kb) 

Figure 3.3. Expression vector pET-32a(+). The 
l'ec /or is designed for high le1·el expression of' 
recombinal11 proleins fits ed ll'ilh Trx 
(thioredoxin) wg. Tr< tag is fcJ IIou·ed br 6x!lis 
lag and mulliple cloning sile (MCS). ll'here gene 
o(interest can he cloned Trx lag is preceded hy 
a T7 promoler. The \'eclor carries lhe pBR322 
deril'ed ColE! rep/icon and lac! gene. The 
\'ector can he propagated in E. coli using 
ampicillin as a seleclion marker. 

The r-HIV-MEP cloned in pET-32a(+) was transformed into the E. coli expression 

host strain BL21 (DE3). Trans formants were selected on ampicillin containing 

medium and screened for protein expression as follows: transformed clones were 

inoculated in 3 ml LB containing I 00 f.lg/ml ampicillin and were allowed to grow 

overnight at 3 7"C at 200 rpm. Thereafter, a fresh tube containing 3 ml LB with I 00 

f.lg/ml ampicillin was inoculated with 2% overnight grown culture and was allowed to 

grow at 37°C at 200 rpm till the culture reached logarithmic growth phase 

[corresponding to an optical density (OD) of ~0.6 at 600 nm]. The culture was then 

induced with I mM IPTG at 37°C for 4 h. After induction, equivalent number of cells 

from different cultures (normalized on the basis of OD6oo values) were lysed in 

Lacmmli buffer and analyzed by SDS- PAGE for the expression of r-HIY-MEP. On-

induced cultures were set as controls and analyzed by SDS-PAGE in parallel. 
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3.2.2.3. Purification of r-HIV -MEP 

Cell growth and induction 

A pre-inoculum was set up by inoculating 20 ml LB medium containing ampicillin 

(I OOJ.!g/ml), with the glycerol stock of BL21 (DE3) cells transformed with clone of r-

HIV-MEP in pET-32a(+). The culture was grown overnight at 37°C at 200 rpm. 

Thereafter a fresh I litre LB containing 1 OOJ.!g/ml ampicillin in a four litre Haffkine 

flask was inoculated with I% of the overnight grown culture and was allowed to grow 

at 3 7°C at 200 rpm till the culture reached logarithmic growth phase. The culture was 

then induced with I mM IPTG for 4 h. An un-induced culture was set as control in 

parallel. After induction, the culture was harvested by centrifugation in a Sorvall 

SLA3000 rotor at 8000 rpm for 10 min at 4°C. The biomass was washed with an 

isotonic solution (0.9% NaCl in water). An aliquot of both un-induced and induced 

cultures were lysed in Laemmli buffer and analyzed by SDS-PAGE for the 

expression of r-HIV -MEP. 

Purification strategy using Ni-NT A column chromatography 

Cell biomass (3 g) obtained from I litre induced culture was resuspended in 30 ml 

lysis buffer (6 M Guanidinc-HCI, 10 mM Tris-HCl, 100 mM Sodium phosphate, 300 

mM NaCI, I% Tween-20, pH 8) and sonicated in icc using Sonics Vibracell sonicator 

(amplitude setting of 60), with 20 pulses gf I 0 seconds each, and 30 seconds off-time 

in between the pulses. The lysate was clarified by centrifugation at 16000 rpm at 4°C 

in an SS34 rotor for 45 min and the resultant supernatant was mixed with 5 ml Ni-

NT A super flow resin that had been pre-equilibrated with lysis buffer. The suspension 

was gently shaken for I h at room temperature and packed into a column. The flow 

through was collected and the column was washed with 5 column volumes of lysis 

buffer, I 0 column volumes of buffer I (8 M Urea, I 0 mM Tris-HCI, I 00 mM Sodium 

phosphate, 150 mM NaCI, 0.2% Tween-20, pH 6.3) and I 0 column volumes of buffer 

2 (8 M Urea, I 0 mM Tris-HCI, I 00 mM sodium phosphate, pH 5.9). The protein was 

eluted with 5 column volumes of elution buffer (8 M Urea, I 0 mM Tris-HCl, I 00 

mM sodium phosphate, pH 4.3). The purity of the protein fractions was further 

analyzed on 12% SDS-PAGE. Protein in the pooled fractions was estimated 

spectrophotometrically. 
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3.2.2.4. Cloning and expression of in vivo biotinylated r-HIV-MEP in E. coli 

The Gencart vector containing r-HIV -MEP gene was digested with restriction 

enzymes BamHI and Hindiii and cloned into the respective sites in already developed 

expression vector pET-28b(+)-Trx-BAP, in-frame with the Trx tag and BAP under the 

control of T7 promoter. Recombinant clones were selected on kanamycin (50 J..tglml) 

containing medium and the insert was further verified by restriction digestion analysis 

of the recombinant plasmid DNA. 

The r-HIV-MEP in pET-28b(+)-Trx-BAP and BirA in pETDuet-1 were co-

transformed into the E. coli expression host strain BL21 (DE3). Transformants were 

selected on ampicillin (I 00 J..lg/ml) and kanamycin (50 J..lg/ml) containing medium and 

screened for protein expression as follows: transformed clones were inoculated in 3 

ml LB containing I 00 J..tg/ml ampicillin and 50 11g/ml kanamycin and were allowed to 

grow overnight at 37°C at 200 rpm. Thereafter, a fresh tube containing 3 ml LB with 

I 00 11g/ml ampicillin, 50 11g/ml kanamycin and I 0 11g/ml D-biotin was inoculated 

with 2% overnight grown culture and was allowed to grow at 37°C at 200 rpm till the 

culture reached logarithmic growth phase [corresponding to an optical density (OD) 

of -0.6 at 600 nm]. The culture was then induced with I mM IPTG at 37°C for 4 h. 

After induction, equivalent number of cells from different cultures (normalized on the 

basis of0D6oo values) were lysed in Laemmli buffer and analyzed by SDS-PAGE for 

the expression of biotinylated r-HIV-MEP (r-Bio-HIV-MEP) and BirA. Un-induced 

cultures were set as controls and analyzed by SDS-PAGE in parallel. 

Western blot analysis 

The un-induced and induced cultures of E. coli expressing r-Bio-HIV -MEP and BirA 

proteins were lysed in Laemmli buffer and run on 12% SDS-PAGE. The fractionated 

proteins were transferred onto a nitrocellulose membrane. The membrane was 

blocked with 2% PVP-40, 5% skim milk, 0.5% Tween-20 in PBS at 4°C overnight. 

The membrane was washed 6 times with wash buffer (PBS, 0.5% Tween-20) and 

probed with avidin peroxidase (I: I 000) in diluent buffer (2.5% skim milk, I% PVP, 

0.5% Tween-20 in PBS) at RT for I h. Membrane was washed 6 times with wash 

buffer and developed with TMB insoluble. 
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3.2.2.5. Purification of biotinylated r-HIV -MEP 

Cell growth and induction 

A pre-inoculum was set up by inoculating 20 ml LB medium containing ampiciiiin 

(I 00 ).lg/ml) and kanamycin (50 11g/ml), with the glycerol stock of BL21 (DE3) cells 

transformed with r-HIV-MEP in pET-28b(+)-Trx-BAP and BirA in pETDuet-1. The 

culture was grown overnight at 3 7°C at 200 rpm. Thereafter a fresh 1 litre LB 

containing ampicillin (100 llg/ml), kanamycin (50 11g/ml) and D-biotin (10 11g/ml) in 

a four litre Haffkine flask was inoculated with I% of the overnight grown culture and 

was allowed to grow at 37°C at 200 rpm till the culture reached logarithmic growth 

phase. The culture was then induced with I mM IPTG for 4 h. An un-induced culture 

was set as control in parallel. After induction, the culture was harvested by 

centrifugation in a Sorvaii SLA3000 rotor at 8000 rpm for I 0 min at 4°C. The 

biomass was washed with an isotonic solution (0.9% NaCI in water). An aliquot of 

both un-induced and induced cultures were lysed in Laemmli buffer and analyzed by 

SDS-PAGE for the expression ofr-Bio-HIV-MEP. 

Purification strategy using Ni-NT A column chromatography 

Cell biomass (3 g) obtained from I litre induced culture was resuspended in 30 ml 

lysis buffer (6 M Guanidine-HCI, I 0 mM Tris-HCI, I 00 mM Sodium phosphate, 300 

mM NaCI, I% Tween-20, pH 8) and sonicated in ice using Sonics Vibraceii sonicator 

(amplitude setting of 60), with 20 pulses of I 0 seconds each, and 30 seconds off-time 

in between the pulses. The lysate was clarified by centrifugation at 16000 rpm at 4°C 

in an SS34 rotor for 45 min and the resultant supernatant was mixed with 5 ml Ni-

NT A super flow resin that had been pre-equilibrated with lysis buffer. The suspension 

was gently shaken for I h at room temperature and packed into a column. The flow 

through was collected and the column was washed with 5 column volumes of lysis 

buffer, I 0 column volumes of buffer I (8 M Urea, I 0 mM Tris-HCI, I 00 mM Sodium 

phosphate, !50 mM NaCI, 0.2% Tween-20, pH 6.3) and I 0 column volumes of buffer 

2 (8 M Urea, 10 mM Tris-HCI, 100 mM sodium phosphate, pH 5.9). The protein was 

eluted with 5 column volumes of elution buffer (8 M Urea, I 0 mM Tris-HCI, I 00 

mM sodium phosphate, pH 4.3). The purity of the protein fractions was further 
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analyzed on 12% SDS-PAGE. Protein m the pooled fractions was estimated 

spectrophotometrically. 

3.2.2.6. r-HIV-MEP based and r-Bio-HIV-MEP based time-resolved 

fluorometric (TRF) immunoassays for the detection of anti-HIV antibodies using 

europium(III) chelate as reporter 

3.2.2.6.1. Europium(III) chelate and its conjugation to anti-human antibody 

The nonadentate europium(III} chelate, {2,2 ',2' ',2'' '- { [2-( 4-Isothiocyanatophenyl) 

ethylimino] bis (methylene )bis { 4- { [ 4-( a-galactopyranoxy )pheny I] ethynyl} pyridine-

6,2-diy I} bis (me thy lene-nitrilo)} tetrakis(acetato)} europium( III), was used in this 

study. Hereafter, it has been referred to as europium(III) chelate. Europium labeling 

of amino groups of goat anti-human IgG through a thiourea bond formation was 

performed in 50 mM Sodium carbonate-bicarbonate buffer, 0.9% NaCI, pH 9.8, with 

a 40-fold molar excess of the europium(III) chelate. The mixture was incubated 

overnight (16-20 h) at 4°C. The labeled antibody was separated from excess of free 

label by changing the buffer into 50 mM Tris, pH 7.75, 150 mM NaCI, 0.01% NaN3 

using gel filtration column (NAP column). The concentration of labeled antibody was 

estimated by Bradford assay using mouse IgG as standard. The degree of 

europium(III) chelate labeling was determined using non-conjugated I nM 

europium(III) chelate as standard. Non-conjugated europium(III) chelate was diluted 

in delfia enhancement solution and 200 i-!1 was added into a 96-well plate in triplicate. 

Labeled antibody was serially diluted from I 0·2 to I o·R in delfia enhancement solution 

and 200 iJl of each dilution were added into the same plate in triplicates. The plate 

was incubated for 45 min at RT. Europium concentration was calculated by 

comparing the fluorescence of the standard to the fluorescence of the labeled antibody 

sample. The degree of europium labeling was found to be 2.6 europium(III) chelate 

per antibody, which was determined by calculating the ratio of no. of moles of 

europium(IJI) chelate and labeled antibody. BSA and sodium azide were added into 

the solution of labeled antibody to a final concentration of 0.1% and 0.01 %, 

respectively The solution was filtered through a 0.22 iJm membrane and stored at 4°C 

until further used. 
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3.2.2.6.2. In-house r-HIV-MEP based TRF immunoassay 

Time-resolved measurement of europium fluorescence was performed using Victor3V 

1420 Multilabel counter (Perkin Elmer, Singapore), that allowed the measurement of 

fluorescence directly from a solid phase. Briefly, 5 11g/ml of r-HIV-MEP was 

prepared in coating buffer (0.1 M Sodium carbonate-bicarbonate buffer, pH 9.6) and 

I 00 111 of this was added into each well of a 96-well plate and incubated overnight at 

37°C. The wells were aspirated and blocked with 300 11! of blocking buffer (37.5 mM 

Tris-HCI, pH 7.75, 25% goat sera, 115 mM NaCI, 0.05% NaN3, 0.038% Tween-40, 

15 11M EDT A, 1.38% BSA) and incubated for 2 h at room temperature with shaking. 

The wells were washed 2 times using 96-well plate washer (COLUMBUS Plus-

BASIC, TECAN, Grodig, Austria) with wash buffer (10 mM KH2P04, 40 mM 

K2HP04, pH 7.2, 150 mM NaCI, 0. I% Tween-20, 0.5 M KCl). After washing, 2 111 of 

each serum sample in 50 111 assay buffer (37.5 mM Tris-HCI, pH 7.75, 25% goat sera, 

115 mM NaCI, 0.5 M KCI, 0.05% NaN3, 0.038% Tween-40, 0.1% Triton X-100, 15 

11M EDT A, 0.38% BSA) was incubated in each well for 30 minutes at room 

temperature with shaking. The wells were washed 4 times with wash buffer. I 11g/ml 

of europium(III) chelate labeled anti-human antibody solution was prepared in assay 

buffer and 50 111 of the prepared solution was added into each well and incubated for 

30 minutes at room temperature with shaking. The wells were washed 7 times with 

wash buffer and europium fluorescence was measured from dry wells by time-

resolved fluorometry using Victor3V 1420 Multilabel counter with the following 

parameters: excitation wavelength, 340 nm; emission wavelength, 615 nm; delay 

time, 400 11s; window time, 400 11s; cycling time, I ms; measurement time, Is (i.e., 

counts resulting from I 000 sequential excitations were integrated for each 

measurement). 

3.2.2.6.3. In-house r-Bio-HIV-MEP based TRF immunoassay 

I f..lg/ml of r-Bio-HIV-MEP was prepared in assay buffer (37.5 mM Sodium 

carbonate-bicarbonate buffer, pH 9.6, 18.8 mM NaCI, 0.075% Tween-20, 1.9% BSA, 

3.8% D-trehalose, 0.045% y- globulins from bovine blood, 0.05% NaN3, 0.5% Mouse 

sera, 25% Goat sera) and I 00 f..! I of the prepared solution was incubated in each well 

of streptavidin plate (Kaivogen Oy, Finland) for I h at RT with shaking. The wells 

were washed twice using 96-well plate washer with wash buffer (I 0 mM KH2P04, 40 
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mM K2HP04, pH 7.2, 0.85% NaCI, 0.1% Tween-20, 0.5 M KCI). After washing, 2 111 

of each serum sample in 50 111 assay buffer was incubated in each well for 30 min at 

RT with shaking. The wells were washed 4 times with wash buffer. I Jlg/ml of 

europium(III) chelate labeled anti-human antibody solution was prepared in assay 

buffer and 50 11! of the prepared solution was added into each well and incubated for 

30 minutes at RT with shaking. The wells were washed 7 times with wash buffer and 

europium fluorescence was measured from dry wells by time-resolved fluorometry 

using the same parameters as mentioned for r-HIV-MEP based TRF immunoassay. 

3.2.3. r-HCV-MEP and in-house anti-HCV TRF immunoassay 

3.2.3.1. Design of r-HCV-MEP 

To design an r-HCV-Multi-Epitope Protein (MEP) that could be of diagnostic utility, 

linear and conserved immunodominant epitopes, known to elicit anti-HIV antibodies, 

were selected based on published literature. HCV-F-MEP Version! (HCV-F-MEP 

VI) was modified to HCV-MEP V2 (r-HCV-MEP) by incorporation of additional 

epitopes and deletion of a pre-existing epitope. The epitopes were selected from 

structural and non-structural proteins of HCV polyprotein. The selected epitopes were 

linked together by flexible (gly)4 peptides. The software modeling analysis of the 

three dimensional structure of the r-HCV-MEP was carried out to check the 

accessibility of all epitopes. 

3.2.3.2. Cloning and expression of in vivo biotinylated r-HCV-MEP in£. coli 

The synthetic gene, encoding the r-HCV-MEP antigen was custom-synthesized as a 

EcoRI/Hindlii fragment in the Geneart vector pPCRscript. The Geneart vector 

containing r-HCV -MEP gene was digested with restriction enzymes EcoRJ and 

Hind!IJ and cloned into the respective sites in already developed expression vector 

pET-28b(+)-Trx-BAP, in-frame with the Trx tag and BAP under the control of T7 

promoter. Recombinant clones were selected on kanamycin (50 Jlg/ml) containing 

medium and the insert was further verified by restriction digestion analysis of the 

recombinant plasmid DNA. 

The r-HCV-MEP in pET-28b(+)-Trx-BAP and BirA in pETDuet-1 were co-

transformed into the E. coli expression host strain BL21 (DE3). Trans formants were 
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selected on ampicillin (I 00 ~g/ml) and kanamycin (50 ~g/ml) containing medium and 

screened for protein expression as follows: transformed clones were inoculated in 3 

ml LB containing I 00 ~g/ml ampicillin and 50 ~g/ml kanamycin and were allowed to 

grow overnight at 37"C at 200 rpm. Thereafter, a fresh tube containing 3 ml LB with 

I 00 ~g/ml ampicillin, 50 ~g/ml kanamycin and I 0 ~g/ml D-biotin was inoculated 

with 2% overnight grown culture and was allowed to grow at 37°C at 200 rpm till the 

culture reached logarithmic growth phase [corresponding to an optical density (OD) 

of -0.6 at 600 nm]. The culture was then induced with I mM IPTG at 37°C for 4 h. 

After induction, equivalent number of cells from different cultures (normalized on the 

basis of0D600 values) were lysed in Laemmli buffer and analyzed by SDS-PAGE for 

the expression ofbiotinylated r-HCV-MEP (r-Bio-HCV-MEP) and BirA. Un-induced 

cultures were set as controls and analyzed by SDS-PAGE in parallel. 

Western blot analysis 

The un-induced and induced cultures of E. coli expressing r-Bio-HCV -MEP and BirA 

proteins were lysed in Laemmli buffer and run on 12% SDS-PAGE. The fractionated 

proteins were transferred onto a nitrocellulose membrane. The membrane was 

blocked with 2% PVP-40, 5% skim milk, 0.5% Tween-20 in PBS at 4°C overnight. 

The membrane was washed 6 times with wash buffer (PBS, 0.5% Tween-20) and 

probed with avidin peroxidase (1: I 000) in diluent buffer (2.5% skim milk, I% PVP, 

0.5% Tween-20 in PBS) at RT for I h. Membrane was washed 6 times with wash 

buffer and developed with TMB insoluble. 

3.2.3.3. Purification of biotinylated r-HCV -MEP 

Cell growth and induction 

A pre-inoculum was set up by inoculating 20 ml LB medium containing ampicillin 

(1 00 ~g/ml) and kanamycin (50 ~g/ml), with the glycerol stock of BL21 (DE3) cells 

transformed with r-HCV-MEP in pET-28b(+)-Trx-BAP and BirA in pETDuet-1. The 

culture was grown overnight at 37°C at 200 rpm. Thereafter a fresh I litre LB 

containing ampicillin (1 00 ~g/ml), kanamycin (50 ~g/ml) and D-biotin (1 0 ~g/ml) in 

a four litre Haffkine flask was inoculated with 1% of the overnight grown culture and 

was allowed to grow at 37°C at 200 rpm till the culture reached logarithmic growth 

phase. The culture was then induced with I ruM IPTG for 4 h. An un-induced culture 
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was set as control in parallel. After induction, the culture was harvested by 

centrifugation in a Sorvall SLA3000 rotor at 8000 rpm for 10 min at 4°C. The 

biomass was washed with an isotonic solution (0.9% NaCI in water). An aliquot of 

both un-induced and induced cultures were lysed in Laemmli buffer and analyzed by 

SDS-PAGE for the expression ofr-Bio-HCV-MEP. 

Purification strategy using Ni-NT A column chromatography 

Cell biomass (3 g) obtained from I litre induced culture was resuspended in 30 ml 

lysis buffer (6 M Guanidine-HCI, I 0 mM Tris-HCI, I 00 mM Sodium phosphate, 300 

mM NaCI, I% Tween-20, pH 8) and sonicated in ice using Sonics Vibracell sonicator 

(amplitude setting of 60), with 20 pulses of I 0 seconds each, and 30 seconds off-time 

in between the pulses. The lysate was clarified by centrifugation at 16000 rpm at 4°C 

in an SS34 rotor for 45 min and the resultant supernatant was mixed with 5 ml Ni-

NT A super flow resin that had been pre-equilibrated with lysis buffer. The suspension 

was gently shaken for I h at room temperature and packed into a column. The flow 

through was collected and the column was washed with 5 column volumes of lysis 

buffer, I 0 column volumes of buffer I (8 M Urea, I 0 mM Tris-HCI, I 00 mM Sodium 

phosphate, 150 mM NaCl, 0.2% Tween-20, pH 6.3) and 10 column volumes ofbuffer 

2 (8 M Urea, I 0 mM Tris-HCI, I 00 mM sodium phosphate, pH 5.9). The protein was 

eluted with 5 column volumes of elution buffer (8 M Urea, I 0 mM Tris-HCI, I 00 

mM sodium phosphate, pH 4.3). The purity of the protein fractions was further 

analyzed on 12% SDS-PAGE. Protein in the pooled fractions was estimated 

spectrophotometrically. 

3.2.3.4. r-Bio-HCV-MEP based TRF immunoassay for the detection of anti-HCV 

antibodies using europium(III) chelate as reporter 

I 11g/ml of r-Bio-HCV-MEP was prepared in assay buffer (37.5 mM Sodium 

carbonate-bicarbonate buffer, pH 9.6, 18.8 mM NaCI, 0.075% Tween-20, 1.9% BSA, 

3.8% D-trehalose, 0.045% y- globulins from bovine blood, 0.05% NaN3, 0.5% Mouse 

sera, 25% Goat sera) and I 00 111 of this was incubated in each well of strcptavidin 

plate (Kaivogen Oy, Finland) for I hat RT with shaking. The wells were washed twice 

using 96-well plate washer with wash buffer (I 0 mM KH2P04, 40 mM K2HP04, pH 

7 .2, 0.85% NaCI, 0.1% Tween-20, 0.5 M KCI). After washing, 2 111 of each serum 
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sample in 50 fll assay buffer was incubated in each well for 30 min at RT with 

shaking. The wells were washed 4 times with wash buffer. I flg/ml of europium(III) 

chelate labeled anti-human antibody solution was prepared in assay buffer and 50 fll 

of this solution was added into each well and incubated for 30 minutes at RT with 

shaking. The wells were washed 6 times with wash buffer and europium fluorescence 

was measured from dry wells by time-resolved fluorometry using Victor3V 1420 

Multilabel counter with the following parameters: excitation wavelength, 340 nm; 

emission wavelength, 615 nm; delay time, 400 flS; window time, 400 f.!S; cycling time, 

I ms; measurement time, Is (i.e., counts resulting from I 000 sequential excitations 

were integrated for each measurement). 

3.2.4. In-house HBsAg TRF immunoassay 

3.2.4.1. Purification of MAbs 5S and 21 B specific for HBsAg 

The hybridoma clones producing MAb 218 (50 000 cells) and MAb 5S (200 000 

cells) specific for HBsAg were inoculated into 2 different mice and ascitic fluid was 

collected in between I 0 to 15 days post inoculation. Ascitic fluid was diluted I: I (v/v) 

with buffer (I M glycine, 0.3 M NaCI, pH 8.6), incubated at 4°C for 24 h, centrifuged 

at 13000 rpm for 15 min at 4°C in SS-34 rotor. The supernatant was further diluted in 

equal volume binding buffer (I M glycine, 0.15 M NaCI, pH 8.6) and filtered with 

0.22 11m syringe filter. The filtered ascitic fluid was loaded on I ml prosep-VA ultra 

(protein A) column equilibrated with binding buffer. The column was washed 

extensively with 50 column volumes of binding buffer and the MAb was eluted with 

I 0 column volumes of elution buffer (0.1 M Citric acid-NaOH buffer, pH 3.0). The 

pH of the eluted fractions was adjusted to -7 by addition of 2 M unbuffered Tris. The 

purity of the MAbs was analysed on 12% SDS-PAGE. 

3.2.4.2. In vitro biotinylation of MAb 21 B 

The antibody to be biotinylated should be in a buffer free from any reactive -NH2 

group. The storage buffer of antibody was changed from 0.1 M Citric acid-Tris buffer, 

pH -7 to 0.9% NaCl with gel filtration column (NAP-10 column). The pH of the 

antibody solution was adjusted to 9.8 with I II 0' 11 volume of 0.5 M carbonate buffer, 

pH 9.8. The concentration of antibody was kept close to 2 mg/ml, as much as 

possible. Biotin isothiocyanate (BITC) was dissolved in absolute ethanol to a final 
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concentration of I 0 mM. The solution was centrifuged at 13000 rpm for 15 min, to 

pellet undissolved impurities. A 40-fold molar excess of BITC was used in the 

biotinylation reaction ofMAb 21B. The reaction mixture was incubated for 4 hat RT. 

The unreacted BITC was removed by passing through gel filtration column (NAP-5 

and NAP-I 0 columns sequentially). The concentration of biotinylated MAb was 

estimated with Bradford assay and BSA and sodium azide were added into the 

solution to a final concentration ofO.l% and 0.01%, respectively 

3.2.4.3. Enzymatic fragmentation of MAb SS and coating of SS F(ab)2 fragments 

on europium(III) nanoparticles 

MAb 5S was enzymatically fragmented into F(ab)2 and Fe regions. Fragmented 5S 

F(ab)2 was purified to coat it on europium(III) nanoparticles. For the fragmentation, 

I 00 mM L-cysteine and I 0 mg/ml bromelain was prepared in fragmentation buffer 

(50 mM Tris-HCI pH 7.0, 2 mM EDTA). The fragmentation reaction was set up by 

mixing the following components - MAb 5S (at a final cone. of I mg/ml), I Ox 

fragmentation buffer (I /I 0111 volume of Ab solution), bromelain (0.2 U/ml), L-cysteine 

(I mM). The reaction was incubated for 4 h at 37°C. The reaction was stopped by 

adding I/101
h volume of fresh 100 nM solution ofN-Ethylmaleimide (NEM) (made in 

fragmentation buffer). The reaction was mixed and incubated for I 0 min at RT. The 

sample was filtered through 0.22 11m filter. The HiTrap Protein G HP chromatography 

column was equilibrated with wash buffer (20 mM Sodium phosphate buffer, pH 7.0). 

The fragmentation reaction product was injected into the column. The column was 

washed with 5 column volumes of wash buffer and eluted with I 0 column volumes of 

elution buffer (0.1 M Glycine-HCI, pH 2.7). The pH of the eluted fractions was 

adjusted to -7 by addition of 2M unbuffered Tris. The purity of the 5S F(ab)2 was 

analysed on 12% SDS-PAGE. The buffer of purified 5S F(abh was changed to 0.9% 

NaCI by NAP columns. 

1.23x I 012 europium(III) nanoparticles were added into Nanosep omega filter 

tubes (300 kDa cut-off), centrifuged at 8000 rpm for 8 min. Nanoparticles were 

washed with 400 J.ll of Sodium phosphate buffer by centrifuging at 8000 rpm for 8 

min. 150 J.ll of phosphate buffer was added into the filter tube and nanoparticles were 

recovered from the filter by sonication. I 0 111 of 72 mM EDC and 90 J.ll of 60 mM 

NHS solution prepared in sodium phosphate buffer were mixed together. The 
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nanoparticles were activated by mixing 150 111 nanoparticles and 30 111 EDC-NHS 

solution (final concentrations: EDC 1.2 mM, NHS 9 mM) in a fresh tube. The 

reaction was vortexed for 15 min. The solution was transferred to filter tube and 

centrifuged at 8000 rpm for 8 min. The filter was washed twice with 150 111 20 mM 

MES by centrifuging at 8000 rpm for 5 min. 150 111 of 20 mM M ES was added to the 

tubes and nanoparticles were recovered from the filter by sonication. For the 

conjugation of 5S F(ab)2 with the nanoparticles, 300 11g of 5S F(abh (pH adjusted 

with 1/1 O'h vol of 200 mM MES) was added to nanoparticle solution in a fresh tube 

and vortexed for 2 h. For blocking free binding sites on the nanoparticles 0.1 % Brij 

35 and 0.1% BSA were added into the reaction and incubated overnight at RT in slow 

rotation. The nanoparticle solution was transferred to the fresh filter tubes and 

centrifuged at 8000 rpm for 5-10 min (until the filter was dry). The nanoparticles 

were washed 5 times with 400 111 of storage buffer (2 mM Tris-HCI, pH 9.0, 0.01 % 

Tween-20) by centrifuging at 8000 rpm for 5-10 min. 200 111 of storage buffer was 

added into the filter tube and the nanoparticles were recovered from the filter by 

sonication. The nanoparticles were transferred into a fresh tube and BSA and sodium 

azide were added into this solution to a final concentration of 0.1% and 0.01 %, 

respectively. The particles were stored at +4°C in dark. The concentration of the 5S 

F(ab)2 coated nanoparticles was determined by using non-conjugated europium 

nanoparticles as standard. 5S F(abh coated nanoparticle solution (sample) was diluted 

I: I 0 in 0.1% Triton-X-I 00 and 2 111 of this and undiluted sample were added to 700 111 

0.1% Triton X-1 00 separately. Standard (non-conjugated I 07 nm nanoparticles were 

diluted in 0.1% Triton X-100 to a concentration of lx!OR pcs/11!) was mixed and 2 111 

of it was added into 700 111 of TritonX-1 00. The standard and sample dilutions were 

added into BSA blocked wells in 3 replicates of 200 111/well each. After 5 min the 

fluorescence was measured with Victor3V 1420 Multilabel counter. The concentration 

of nanoparticles was calculated by comparing the fluorescence of the standard to the 

fluorescence of the sample. 

3.2.4.4. TRF immunoassay for the detection of HBsAg in human sera using 

europium(lll) nanoparticle as reporter 

3 11g/ml of Bio-MAb 21 B was prepared in assay buffer (50 mM Sodium carbonate-

bicarbonate buffer, pH 9.6, 25 mM NaCI, 0.1% Tween-20, 0.1% Triton X-100, 2.5% 
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BSA, 5% D-trchalose, 0.06% y- globulins from bovine blood, 0.05% NaN3, 0.0 I% 

native mouse IgG, 0.005% denatured mouse IgG, 2x I o-4 M CaCb) and 50 f.! I of this 

solution was incubated in each well of streptavidin plate for I h at RT with shaking. 

The wells were washed twice using 96-wcll plate washer with wash buffer (I 0 mM 

KH2P04, 40 mM K2HP04, pH 7.2, 0.85% NaCI, 0.1% Twcen-20, 0.5 M KCI). After 

washing, I 0 f.! I of each serum sample in 40 f.! I assay buffer was incubated in each well 

for I h at RT with shaking. The wells were washed 4 times with wash buffer. 2x I 09 

5S F(ab)2-nanoparticlcs/ml solution was made in assay buffer and 50 f.il of this 

solution was added into each well and incubated for I hat RT with shaking. The wells 

were washed 6 times with wash buffer and europium fluorescence was measured from 

dry wells by time-resolved fluorometry using Yictor3Y 1420 Multilabcl counter with 

the following parameters: excitation wavelength, 340 nm; emission wavelength, 615 

nm; delay time, 400 f.!S; window time, 400 f.!S; cycling time, I ms; measurement time, 

Is (i.e., counts resulting from I 000 sequential excitations were integrated for each 

measurement). 

3.2.5. HIV, HCV and HBV multiplexed TRF immunoassay 

I f.lg/ml of Bio-MAb 218, I f.lg/ml of r-Bio-HIV-MEP and I f.lg/ml of r-Bio-HCV-

MEP were prepared in assay buffer (37.5 mM Sodium carbonate-bicarbonate buffer, 

pH 9.6, 18.8 mM NaCI, 0.075% Twccn-20, 0.075% Triton X-100, 1.9% BSA, 3.8% 

D-trehalosc, 0.045% y- globulins from bovine blood, 0.05% NaN3, 0.5% Mouse sera, 

25% Goat sera) and 50 f.il of this solution was incubated in each well of streptavidin 

plate (Kaivogen Oy, Finland) for I hat RT with shaking. The wells were washed twice 

using 96-well plate washer with wash buffer (I 0 mM KH2P04, 40 mM K2HP04, pH 

7 .2, 0.85% NaCl, 0.1% Twcen-20, 0.5 M KCI). After washing, 5 f.! I of each serum 

sample and 45 f.ll assay buffer was incubated in each well for 30 min at RT with 

shaking. The wells were washed 4 times with wash buffer. 2xl09 5S F(ab)2 

nanoparticles/ml and I f.lg/ml of europium(III) chelate labeled anti-human antibody 

solution was prepared in assay buffer and 50 f.! I of this solution was added into each 

well and incubated for I h at R T with shaking. The wells were washed 6 times with 

wash buffer and europium fluorescence was measured from dry wells by time-

resolved fluorometry using Victor3Y 1420 Multilabel counter with the following 

parameters: excitation wavelength, 340 nm; emission wavelength, 615 nrn; delay 
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time, 400 !JS; window time, 400 !JS; cycling time, I ms; measurement time, Is (i.e., 

counts resulting from I 000 sequential excitations were integrated for each 

measurement). 

3.2.6. Other Methods 

3.2.6.1. Protein Estimation and SDS-PAGE 

Protein estimation was done by either spectrophotometrically or as described by 

Bradford [Bradford, 1976]. Sodium DodecyiSulphate-PolyAcrylamide Gel 

Electrophoresis (SDS-PAGE) of proteins was carried out using standard protocol 

described by Laemmli [Laemmli, 1970]. 

3.2.6.2. Computational methods 

The amino acids sequences of the r-HIV-MEP and r-HCV-MEP were submitted to the 

websites http://www .sbg. bio.ic.ac. uk/-3dpssm and http:/ /zhanglab.ccmb.med. umich. 

edu/1-T ASSER/, respectively and 3-dimentional structures were predicted for both the 

MEPs. The predicted 3-dimentional structures of the MEPs were further polished by 

using the softwares Accelrys ViewerLite 5.0 and Pov-Ray for Windows v3.62. The 

amino acid sequences of the proteins were submitted to the website 

http://www .expasy.ch/tools/protparam.html and physico-chemical parameters of a 

protein sequence like isoelectric point (pi), molar extinction coefficient and molecular 

weight were computed. 

3.2.6.3. Statistical Methods 

The sensitivity and specificity of the TRF immunoassay were calculated as follows 

[Constantine and Lana, 2003] -

Sensitivity= a I (a+ c)* 100 

Specificity = d I ( d + b) * I 00 

Where, a = no. of true positive sera, b = no. of false positive sera, c = no. of false 

negative sera, d = no. of true negative sera. 

To designate sera as either positive or negative, a stringent cut-off value was used for 

TRF immunoassay, which was obtained by adding either three or five times the 

standard deviation to the mean of the negative serum samples [Leland, 2000]. 
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The r-HIV-MEP and r-HCV-MEP were designed, in vivo biotinylatcd, using cloning 

strategies in E. coli and purified to homogeneity. In-house TRF immunoassays were 

developed for the detection of anti -HIV antibodies and anti-HCV antibodies in 

infected human sera using these MEPs. Monoclonal antibodies (MAbs) 218 and 5S 

specific for HBsAg, were purified to homogeneity and in-house HBsAg TRF 

immunoassay was developed using these MAbs. The three individual immunoassays 

mentioned above were combined to develop an HIV, HCV and HBV multiplexed 

TRF immunoassay. The visualization of experimental section is shown in Figure 4.1 . 

r-HIV-MEP 

'_./ I .. -
.. .l ... - .. 

~ 
k nti ·HIVAb 

r-Bio-HIV-MEP 

HBsAgMAbs 

~; . 
' · ~ i ,! 

" <, 

~ ~ If SS F(ab)2· 

~~Eu Nano 

~~ 
HBsAg 

\ jsio-MAb 21 B 

n 
A.,340nm A,m615nm 

,_c. If 
l 110 

\l ~ L 

Figure 4. /. Visuulhation of experimental section 

69 

r-HCV-MEP 

' \,'' ~~~ 

~AHAb-Eu 
~nti-HCVAb 

~~ 
~ ~ r-Bio-HCV-MEP 

[ 
___ .....:Streptavidin 



f 

Results 

4.1. Expression system for in vivo biotinylation of recombinant MEPs 

in E. coli 

A specific plasmid expression system was developed for in vivo synthesis of 

biotinylatcd recombinant MEPs in E. coli. Biotinylation takes place with the help of 

BirA (biotin holoenzyme synthetase), which biotinylates the 13 111 amino acid (aa), 

which is a lysine, of the 24 aa BAP (biotin acceptor peptide). BAP is the minimal 

substrate for biotinylation by BirA. Gene encoding Trx (Trx-6xHis) from pET-32a(+) 

vector was cloned into the Xbal and Nco£ restriction sites of pET -28b( +) vector. The 

gene encoding BAP was PCR amplified from vector pDW363 and cloned into the 

MCS ofpET-28b(+)-Trx at Neal and BamHI sites (Figure 4.2). The gene encoding r-

MEP was cloned in the MCS of expression vector pET-28b(+)-Trx-BAP in an open 

reading frame to express Trx-BAP-r-MEP fusion protein. 

Earlier, an attempt was made where Trx-BAP-r-MEP and BirA were cloned in 

the same vector (pETDuet-1) in two different MCS, but the former did not express, to 

circumvent this problem the Trx-BAP-r-MEP was cloned in pET-28b(+). 

A 8 c 
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123 

Figure 4.2. Cloning of genes encoding Trx and BAP in vector pET-28b(+). (A) Map ol expression 
vector pET-28b(+) with gene encoding Trx, inserted into the unique Xbal and Nco! sites and gene 
encoding BAP, inserted into the unique Nco! and Bamffl sites. (B) Trx gene in pET-32a(+) \t'as 
digested with Xbal and Nco! enzvmes and cloned in pET-28b(+) at respective sites. Putative clone 1ms· 
confirmed hy digestion with Xhal and Nco!. The resultant digested product was analvzed on 1% 
agarose gel. Lane 2 shou•s the positive clone ll'ilh the expected insert fa/1-ou/ of Trx gene a/ 0. 52 kh. 
DNA size markers are shown in lane I u·ith relevant sizes (in kb) indicated on the lefi. Arroll' on right 
indicates position of Trx gene insert. (C) BAP gene 11·as PCR amplified(l·om vector pDW363, digested 
u·ith Nco! and BamJ-11 enzvmes and cloned in pET-28b(+ )-Tn a/ respective sites. Putative clones were 
confirmed hy digestion with Nco! and Bam/fl. The resultant digested products ll'ere analrzed on 2.5% 
agarose gel. Lanes 2, 3 and 4 show the positive clones with expected insert/all-out o/BAP gene at (). 08 
kh. DNA size markers are shown in lane I with relevant sizes (in kb) indicated on the lefi. Arroa· on 
right indicates position oj"BAP gene insert. 
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BirA gene was PCR amplified from pDW363 and cloned into the MCS-2 ofpETDuet-

1 vector at Ndel and Kpnl sites (Figure 4.3 ). 
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Figure 4.3. Cloning of gene encoding BirA in MCS2 of vector pETDuet-1. (A) Map o( expression 
rector pETDuet-1 1rith gene encoding Bir!l , inserted into the uniqul! Ndel and Kpnl sites in AICS2. (B) 
BirA gene ll'as PCR amplifiedfi·om \'ector pDW363, digested ll'ith Ndel and Kpnl en:._I'IIII!S and cloned 
in MCS2 o('pETDuel-1 al respective siles. PutO/il'l! clones 11·ere con/inned hy digl!stion 11·ith Ndel and 
Kpnl. The ri!.l'llltant digested products ll ·ere analr:.ed on 1% agarose gel. Lanes 3 and 7 shmr the 
pusiti1•e cion!!.\' u·ith the expected imatfa/1 out o/Bir!l genl! at 0.97 kh. DNA si::e nwrkl!rs are sh01m in 
lane I ll'ith relei'Ont si::es (in kb) indicated 011 the lefi. Arr01r on right indicates position o(BirA gene 
insert. 

pET-28b(+) plasmid containing the fusion gene expression cassette Trx-BAP-r-MEP 

and pETDuct-1 plasmid containing BirA were used to co-transform the £. coli strain 

BL21 (DE3). Transformants harboring the Trx-BAP-r-MEP along with BirA 

expressing plasmids were selected in presence of ampicillin and kanamycin 

containing medium. Positive clones were induced to express in vivo biotinylatcd r-

MEP (Trx-BAP-r-MEP) and BirA. Design of expression system for in vivo 

biotinylation of recombinant MEPs in £. coli is shown in Figure 4.4 . 

4.2. Establishment of highly functional and dense solid phase matrix 

The objective of multiplexing requires surfaces of high functional capacity and 

stability while at the same time having insignificant non-specific interactions. Passive 

coating of capture antigen on the solid surface exhibits several disadvantages. 

Therefore, streptavidin-coatcd microtitration plates arc widely used for 

immobilization of capturing molecules . Streptavidin is a tctrameric molecule, so four 

biotinylated molecules can bind to a single streptavidin molecule, thus it provides a 

generic surface for immobi lization of any biotinylatcd molecule and preserves 
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biomolcculc activity much better than direct passive adsorption. Biotinylatcd 

molecules arc spatially organized on strcptavidin coated well in such a way that their 

cpitopcs arc access ible in solution phase maximally. In our study, strcptavidin was 

selected as the generic capture molecule to which the secondary binders were 

immobilized. Biotinylated r-MEPs or MAb were immobilized on strcptavidin-coatcd 

plate for immunoassays. The saturating concentration of each of the biotinylated 

molecules was optimized to obtain an optimal signal to noise ratio in individual test 

concepts for HIV, HCV and HBV. Hypothetical visualization of strcptavidin coated 

and passively coated 96-wcll plate for the immobilization of recombinant MEPs is 

shown in Figure 4.5. Strcptavidin coated plates provide higher surface density and 

better display of cpitopes of immobilized antigen as compared to direct passive 

coating. 
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Figure 4.4. Design of expression system j(Jr in vivo biotinylation of recombinant MEPs in E. coli. A 
specific plasmid expression sFslem \I'OS developed/or site specific in l'ivo hiotim•lation o/recomhinant 
MEPs in E. coli. Biotinrlation takes place H"ith 1he help of' BirA (hiotin holoen::rme S\ '11/hetase). Hhich 
hiotinylates the 13'" au, H'hich is a lrsine, ol the 24 au BAP (h iolin acceptor peptide) 
(A1ACCLNDIFEAQK.IEW/IEDTCCSS) . BAP is a part oj'Acetrl CoA carhoxrlase and is the minimal 
suhstralefor hiotindation b1· BirA. The gene encoding r-MEP H'aS cloned into the bacterial expression 
\'ector pET-211h(+)-Trx-BA P under the control of T7 promoter. The BirA gene \\ 'OS cloned into the 
bacterial expression vector pETDuet-1 . Trx-BAP-r-MEP in pET-211h(+) along H"ilh BirA in pETDuet-1 
H'ere co-trans/imned into the E. coli sf rain BL21 (D£3) and co-expressed as hiotinylatedji1sion protein 
and BirA. Biotin \\'as supplemented imo 1he medium/or efficient hiotinylation. 
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A B 

Figure 4.5. Hypotheticalvisuali;;ation of streplllvidin coMed and passively coat ell 96-wel/ plate for 
the immobilization of recombinant MEPs. (A) Side-vieu· of' streptavidin coated 1rell, r-hiutinrlated 
MEP is immohili:ed on slreplm•idin coated 1rell hr strong and unique biulin-streplaridin interaction. 
Biolinrlated r-MEPs are spalia/h· organi::ed on streptm·idin coaled \\'ell in such a 1rar thai !heir 
epitopes are accessihle in solution phase ma.rimall\'. (B) Side-1·ieu· of'passi1·elr coaled 1rell. r-MEP is 
acl.l'orhed a/ !he sur/ace of' the \\'ell. In passi1•e coaling some o( !he epilopes mar he deslroyed or 
hecome inaccessihle. 
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4.3. r-HIV-MEP and in-house anti-HIV TRF immunoassay 

A novel recombinant multiepitope diagnostic intermediate, r-H!V-MEP was designed 

by fusing four virus specific, immuno-dominant, linear and phylogenetically 

conserved epitopes from core and envelope proteins of HIV. r-HIV -MEP was in vivo 

biotinylated using cloning strategies in E. coli. Non-biotinylated (r-HIV-MEP) as well 

as in vivo biotinylated (r-Bio-H!V -MEP) antigens were purified to homogeneity using 

Ni-NT A affinity chromatography. In-house TRF immunoassays were developed 

based on r-HIV-MEP and r-Bio-H!V-MEP as captures for the detection of anti-HIV 

antibodies in infected human serum samples. The assays were evaluated using 

commercially available and well-characterized serum panels from Boston Biomedica 

Inc. Overview of the experimental section is shown in Figure 4.6. 

Design of r-HIV-MEP 

Cloning ofr- HIV-MEPgene in E. coli 

Expression of in vivo biotinylated and 
non-biotinylated r-HIV-MEP in E. coli 

Purification of biotinylated and non-
biotinylated r-HIV-MEP 

Development of r-HIV-MEPbased and r-
Bio-HIV-MEPbased TRF immunoassays 
for the detection of anti-HIV antibodies 

Figure 4.6. Overview of experimental section for r-HIV-MEP and in-house anti-HJV TRF 
immunoassay 
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4.3.1. Design ofr-HIV-MEP 

HIV has several sub-types and recombinant forms throughout the world. The major 

factor which prevents universal screen ing of anti-HIV an tibodies in blood samples, in 

a blood-bank setting, is the high cost of currently available ant i-HI V ElA kits. The 

high cost is due to requirement of multiple diagnostic intermediates, for the 

production of these kits . To address this issue, we explored an alternative approach of 

designing a single recombinant HlV Multi-Epitope Protein (r-HIV-MEP), as a 

suitable inexpensive diagnostic intermediate for anti-HlV immunoassay kits (Talha et 

al, 201 0). 

-i l 
LTR gag 

* 
Core structural 

proteins 

vif vpr rev vpu tat nef 

'=1 1~ )IIi ~ 
T T 

pol tat env rev LTR 

* I p10 I P66/55 I p32 I gp120 gp41 

Protease RT Integ rase Extra Intra 
cellular cellular 

Viral enzymes I I 
Envelope structural proteins 

r-Bio-HIV-MEP 

Figure 4. 7. Schematic representation of genome, virus encoded proteins and design of .\)'nthetic 
non-hiotinylated and hiotinylated multiepitope protein.s of HI V. The integra!edform of' lf!V-1. also 
kno11·n as !he prm•irus. is approxima!elr 9.8 kilohases in length. Both e11cl.\· o{!he 1Jro1·irus are/lanked 
hr a repeated sequence kno11·n as the long /ermined repeals (LTRs). The genes of'/1/V are localed in the 
cen!ral region o{!he proviral DNA and encode a/leas/ nine proleins. These proleins are divided info 
1hree classes, !he major stmclilral prole ins (Gag. Pol. and Env). !he regula/Or\' proleins (Tal and Re1 •) 
and the accessorr proleins (Vpu, Vpr, Vil and Nef). Four conserved and immunodominanl epitopes 
fi'om P24 oj'/1/V-1. gp41 of'li!V 0. gp36 o('I-1/V-2 and gp41 oj'HIV-1 were selected and stilched ll'ilh 
.fle.rihle linkers !o/'orm r-1 !IV-MEP. In vivo hio!im•lation olr-1/IV-MEP 1\'asjimher done to immohili::.e 
if on a streptavidin coated pia/e. 

To design a MEP that could be of diagnostic utility, linear and conserved 

immunodominant cpitopes, known to elicit anti-HJ V antibodies, were selected based 

on published literature (Table 4. 1 ). These cpi topes were from HIV -I Core (p24) and 

the envelope proteins of HI V- I and HlV-2 (Figure 4.7). 
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Mult iple sequence alignment of antigens encoded by different HI V types with the 

selected immunodominant epitopcs of r-HI V-MEP is shown in Figure 4.8. It showed 

that the selected immunodominant Hl V cpitopes mani fes ted a considerable leve l of 

conservation among the specific types and groups of HIV. This suggested that r-HI V-

MEP may exhib it immunoreactivity to antibodies specific to di fferent types and 

groups of HI V. 

HIV-1 p24 NKIVRMYSPT SILDIRQGPK EPFRDYVDRF YKTLRAEQAS QEYKNWMTET 
HIV-1 grM_A . v 
HIV- 1 grM_B 
HIV-1 grM_C .V .K . 
HIV-1 grM_D . v 
HIV-1 grM_ F .v . K. 
HIV-1 grM_ G .v 
HIV- 1 grM_H .v .K . 
HIV-1 grM_J .v 
HIV-1 grN . R. .v .E.K. 
HIV-1 grO . M. K. .v . K . 
HIV-2 A Q.C . .N . N. . K. . QS . 
HIV-2 B Q.C. . N. N. .K . .QS. 

HIV-1 grO gp41 WGIRQLRARL LALETLLQNQ 
HIV-1 grO ANT70 . . . . .. 
HIV-1 grO MVP-5180 . . . Q .. . I. . . 
HIV-1 grO 99CMU4122 . . . . . Q .. . I. 
HIV- 1 grO 99USTWLA . . . Q. . . .M . . . 
HIV-1 grO VAU . . . . . .. . . . FI. . . 

HIV-2 gp36 
HIV- 2 A 
HIV- 2 B 
HIV-2::::A/B 
HIV- 2 U 
HIV-2 G 

QDQARLNSWG SAFRQVCHTT VPWVNDSL 
... . ... . .. C .. .... . .... . ... . . 
K ... Q . . . . . C . . . . . . . . . . .. P . ET . 
K . .. Q ..... C ... . .. ... . .. ... . . 
K ... S .. A . . C .. ..... . .... I .. T . 
K ......... C ..... . ...... DALGA 

F . . T .V . 
.v. 

F. . T . DV . . D. 
. DV . 

F.V . . DV.G . . D. 
F.C . . DV.G. . D. 
F . . T . DV . 
F .A. .T . DV . .D . 

. T .DV . 

. T .v . 
. s . . TD PAV . .Q . 
.s . . TD PAV . . Q. 

QLLSLWGCKG KLVCYTS 
. . . . . . . . 

. R.N ... . .. . . I. 

. . .N .. . . . R. I. . .. 
.. N . . . . . . . SI. 
. HN . . . .N R.I. . . 

HIV-1 grM gp41 WGIKQLQARI LAVERYLKDQ QLLGIWGCSG KLICTTAVPW NASWSN 
HIV-1 grM_A . v . Q. R . .M. . H. .F . .s. 
HIV-1 grM_B . v . R . . T . . T . 
HIV-1 grM_C . T.V . I. . H.R . . S . 
HIV-1 grM_D .H. .N. .s . 
HIV-1 grM_F .v . N. . s . 
HIV- 1 grM_G .s.v . I . .N . . T . 
HIV- 1 grM_H . v . R. .N . . s . 
HIV-1 grM_J .v .N. 

L 

Figure 4.8. Multiple sequence alignment of the four r-HIV-MEP epitopes (in red) with the 
corresponding epitopes of different HI V types, groups, and subtypes (in black) 
(hflp: l/hioin/o.geno/ou/jdmullalinlmullalin. html). The hlack dols indicale idenlical residues. Variams 
are indicated br !he sland_ard single-le!ler an1ino acid code. Leflers in !he l'irus names indicate 
suhnpes. In !he case o/ //IV-/ group 0 gp41, the alignmenl has been done H'ith dif!'erent isolales H'ithin 
the group. 

The r-HI V-ME P was designed by linking se lected epitopcs in tandem using (gly)4 

pcptides. The tetra glycy l linkers arc considered to be one of the preferred linkers 
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while designing flexible chimeric proteins (Robinson and Sauer, 1998). The DNA and 

predicted amino acid sequence ofr-HIV-MEP is shown in Figure 4.9. 

P24 of HIV-1 
aacaaaatcgttcgcatgtatagcccgaccagcattctggatattcgtcagggtccgaaa 

N K I V R M Y S P T S I L D I R Q G P K 
gaaccgtttcgcgattacgttgatcgcttctacaaaaccctgcgtgcggaacaggcgagc 

E P F R D Y V D R F Y K T L R A E Q A S 
Gp41 ofHIV-1 grp. 0 

caggaatacaaaaactggatgaccgaaaccctgggcggtggtggttggggtattcgtcag 
Q E Y K N W M T E T L G G G G W G I R Q 

ctgcgtgcgcgtctgctggcgctggaaaccctgctgcagaatcaacagctgctgtctctg 
L R A R L L A L E T L L Q N Q Q L L S L 

Gp36 of HIV-2 
tggggttgtaaaggcaaactggtttgctataccagcggtggtggtggtcaggatcaggcg 
W G C K G K L V C Y T S G G G G Q D Q A 

cgtctgaatagctggggtagcgcgtttcgtcaggtttgtcataccaccgtgccgtgggtt 
R L N S W G S A F R Q V C H T T V P W V 

Gp41 of HIY-1 grp. M 
aatgatagcctgggtggcggcggttggggcattaaacagctgcaggcgcgtattctggcg 

N D S L G G G G W G I K Q L Q A R I L A 
gttgaacgctatctgaaagatcagcaactgctgggtatttggggttgtagcggtaaactg 

V E R Y L K D Q Q L L G I W G C S G K L 
atttgtaccaccgcggttccgtggaatgcgagctggagcaattaa 

I C T T A V P W N A S W S N * 

Figure 4.9. Complete nucleotide (mull/ case alplzahets) and predicted aa (capital case alplzahets) 
sequences of r-HIV-MEP gene showing four epitopes faa 1-51: p:!4 of H/V-1 : aa 56-92: gp41 of' 
I fll '-1 group 0: aa 97-124: gp36 of 1111'-]: and aa I ]9-174: gp4 1 o{ /1/ V- 1 gmup M)Jiinked 1oge1her 
H'ilhjlexihle /etra glrcrllinkers (underlined). The asterisk indicates the engineered stop codon. 

Table 4.1. List of HIY-specific immunodominant epitopes selected from the 
literature in designing the r-HIV-MEP antigen 

Viral protein Position of epitopes % Positivity Reference in HIY roteins• with atient sera 

HIV-1 p24 aa 272-322 of p55 NDb [Janvier et al., 1996] 
(5052 --< 

HIV-1 group 0 gp41 aa 580-616 of gp160 84 [Dorn et al. , 2000] (863[ 

HIV-2 gp36 aa 587-614 of gp160 100c [Gupta and Chaudhary, 
(858 2003) 

H1V-1 group M gp41 aa 580-625 of gp 160 100 [Dorn et al., 2000] (853) 

"Numhers in parentheses indicme 1he lola/numbers of'wnino acid residues o/the wrresponding.fidl-
lenglh proteins. 
"ND. not done. 
' In comhinalion H'i lh /Ill'- I gp41 (31 aa) and p24 ( 146 aa). 

The software modeling analysis of the three dimensional structure of the r-HlV -MEP 

is shown in Figure 4.1 0. The analysis suggested that the designed M EP permitted easy 

accessibility of all its constituent epitopes. All these epitopes may therefore be freely 
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available for interaction with their cognate antibodies and may contribute significantly 

to their overall sensitivity and specificity for patient sera. 

Figure 4.10. Software-generated graphic visuali-;,ation (http://www.sbg.bio.ic.ac.ukl-3dp.mn) of 
ribbon model of r-HIV-MEP. All four epitopes are shown in tlijferent colours. The colour of each 
epitope corresponds to the amino acid sequence shown in the same colour in figure 4.9. 

4.3.2. Cloning, expression and purification of r-HIV-MEP 

The r-HIV-MEP gene was cloned into the bacterial expression vector pET-32a(+) at 

unique BamHl and Hindiii sites, in-frame with the 5' thioredoxin- and 6x His tag-

encoding sequences of the vector, under the control of T7 promoter (Figure 4.11 ). 

Vector pET-32a(+)-r-HIV-MEP was transformed into the£. coli strain BL21(0E3) 

and transfonnants were selected in presence of ampicillin containing medium. The 

recombinants were induced with I mM IPTG and were analyzed for expression. 

Figure 4. I 2A shows the polypeptide profile of a typical r-HIV -MEP clone. The 

synthesis of the predicted ~41 kDa protein was evident in the induced cells (Figure 

4.12A, lane 2) and the protein is absent in un-induccd cells (Figure 4.12A, lane I). 

Lysis of the induced cells by sonication under native conditions showed that 

the protein was not present in the soluble fraction. Therefore, guanidinium-HCI was 

used to solubilize the protein. Subsequently, its purification was carried out under 

denaturing condition in presence of 8 M urea using Ni-NTA affinity chromatography. 

The fractions of eluted protein were analysed by SDS-PAGE (Figure 4.128, lane 1-7). 

The crude lysate (loaded on the column) containing the r-HIV -MEP is shown in lane 
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' L' and the flow through after binding is shown in lane 'F'. Extensive washing at pH 

6.3 and 5.9 ensured that no non-specific contaminan ts remained bound to the column. 

Elution at pH 4.3 yielded highly pure r- HIV-M EP from the column (lanes 1-7). From 

a comparison of the protein profiles of the elution with crude lysate, it was evident 

that >95% purity was achieved. Sta11ing from 3g induced cell biomass from I L E. coli 

culture, -2 1 mg of purified recombinant protein (pooled frac tions in lanes 1-7) was 

obtained. 

A 
Hind Ill BamHI 

4.0-12.:{ 
3.0 
2.0 
1.6 
1.0 

0.5 

B 
2 3 4 5 6 

Figure 4.11. Cloning of r-HIV-MEP gene in vector pET-32a(+). (A) Map of' expression l'ecror pET-
J:!a(+) H'ifh gene encoding r-1/IV-MEP, inserfed into rhe unique Bam//! cmd llindlll sites. {B) 
Srnthetic gene encoding r-1 111 '-MEP \\'OS digested H'ilh Bam/If and !lind/!/ enzrmes and cloned in 
pET-32a(+) at respecti1•e sites. Putatil·e clones \\'ere confirmed In· digestion ll'ith Bam!// and /lind!!!. 
The resultant digested products \\We analrzed on 1% agarose gel. Lanes 2. 3, 4, 5 and 6 sho11· the 
positive clones H'ith the expected inserl((i/1 out oj'r-1/IV-MEP gene a/ 0.54 kh. DNA size markers are 
sh011'n in lane I ll'ilh releva/11 sizes (in kh) indicated on the lefi. Arro11· on right indiwte.1· position o(r-
HIV-MEP gene insert. 

A B 
M 2 M L F 2 3 4 5 6 7 

97 97 
66 66 

45 j+ r-HIV-MEP 45 

30 30 

20.1 20.1 

14.4 14.4 

Figure 4.12. Expression and purification ofr-HIV-MEP. (A) SDS-PACE analrsis o( Un-induced and 
induced cultures o( E. coli expressing the r-1111 '-MEP. L01r molecular 11 ·eight protein markers 11·ere 
anah·::ed in lane M. Their sizes in k!Ja are shmm on the le/i. Lane I and 2 sholl' Un-induced and 
Induced w!tures o/E coli expressing r-11/V-MEP (- 41 k!Ja) respecli1•eh·. (B) SDS- PACE analnis of' 
the .Vi-NTA e!utedji·action o/'r-1111'-MEP. Fracrions/i·om the a(/initr column 11 ·ere assm·ed on a SDS-
PACE. Loll' molecular H'eighr protein markers 11 ·ere analr::ed in lane M. Their molecular H'eighls, in 
kDa. are sholl'n on the le/i. Lanes L and F sho11· the load andjlo11·-through ji·aclions o/!he column. 
Lanes 1-7 shm1· the puri/iedfi·actions under denaturing conditions in presence o/8M urea. Protein 
hand1· ll 'o·e l'isualized h1 • Coonwssie Blue staining Arro11 · on right indicates position o/'r-11/V-MEP. 
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4.3.3. Cloning, expression and purification of in vivo biotinylated r-HIV-MEP 

The r-HIV-MEP gene was cloned into the in vivo biotinylation expression vector 

pET-28b(+)-Trx-8AP at unique BamHI and Hindiii sites in an open reading frame 

under the control ofT7 promoter (Figure 4.13). 

A 

pET-28b(+)-Trx· 
BAP-HIV-MEP 

(6.5 kb) 

8 
2 3 4 5 6 

Figure 4.13. Cloning of r-HIV-M EP gene in in vivo biotinylation expression vector p£T-28b{+)-Trx-
BAP . (A) Map of' expression \·ector pET-28b(+)-Trx-BAP H'ith gene encoding r-11/V-MEP, inserled 
into !he unique Bam! II and lfind/11 sites. (B) Srnlhetic gene olr-11/V-MEP 1ros digested 1rith Bam/-{/ 
and llindlll en:::ymes and cloned in pET-28b(+)- Trx-BAP a/ re.1pectil •e sites. Putalil •e clones ll'ere 
confirmed h1• digestion ll'ilh Bam/If and I Jindlll. The resultant digested products were wwl\'::ed 011 1% 
agarose gel. Lane 2. 3. 4. 5 and 6 shoH' the positive clones ll'ith the expec!ed insert/all out olr-11/V-
MEP gene at 0.54 kh. DNA size markers are sholl'n in lane I ll'ilh relevant si::es (in kh) indicated on 
the lefi. Arroll' on right indicates position olr- f-1/ V-MEP gene imerl. 

The pET-28b(+)-Trx-8AP-r-HI V-MEP plasmid and pETDuet-I-8irA plasmid were 

co-transformed into the E. coli strain 8L21 (DE3) and transformants were selected in 

presence of ampici llin and kanamycin conta ining medium. The recombinants were 

induced with I mM IPTG and were analyzed for expression. Figure 4.14A shows the 

polypeptide profile of r-Trx-8AP-H IY-M EP (r-8io-HI Y-MEP) clone. The synthesis 

of the predicted ~41 kDa r-8io-HIY -MEP and 34 kDa 8ir A protein was evident in the 

induced cells (Figure 4.14A, lane 2) and both the proteins were absent in un-induced 

cells (Figure 4.14A, lane I) . The expression and in vivo biotinylation of r-8io-HIY-

MEP was confirmed by western blot. The un-induced and induced samples were 

transferred onto nitrocellulose membrane after SDS- PAGE and probed with avidin 

peroxidase (Figure 4.148). It indicated the presence of - 41 kDa biotinylatcd protein 

(r-8io-HI Y-MEP) in induced cells (Figure 4.148, lane 2) and un-induced cells did not 

express any biotinylated protein (Figure 4.148, lane I). 

Lysis of the induced cells by sonication under native conditions showed that 

the protein was not present in the soluble fraction. Therefore, guanidinium-HCI was 
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used to solubi li ze the protein. Subsequently, its purification was carried out under 

denaturing condition in presence of 8 M urea using Ni-NTA affini ty chromatography. 

The fractions of eluted protein were analysed by SDS-PAGE (Figure 4.15, lane 1-7). 

The crude lysate (loaded on the co lumn) containing the r-Bio-HIV-MEP is shown in 

lane 'L' and the flow through atlcr binding is shown in lane 'F'. Extensive washing at 

pH 6.3 and 5.9 ensured that no non-specific contaminants remained bound to the 

column. Elution at pH 4.3 yie lded highly pure r-Bio-HIV-MEP from the column 

(lanes I -7). From a comparison of the protein profiles of the elution with crude lysate, 

it was evident that >95% purity was achieved. Starting from 3g induced ce ll biomass 

from l L E. coli culture, -20 mg of purified r-Bio-HIV-MEP (pooled fractions in lanes 

I -7) was obtained. 

A B 
M 2 M 2 

r-Bio-HIV-MEP r-Bio-HIV-MEP 

BirA 

20.5 L.......<l ____ _, 

Figure 4. 14. Expression and western blot analysis of r-Bio-HIV-MEP. (A) SDS-P.IGE analrsis of' 
Un-induced and induced cultures of' E. coli expressing the r-Bio-1111'-MEP. Low molecular \\·eight 
protein markers \\'ere anal\':ed in lane M. Their si::es in kDa are shmm on the lefi. Lanes I and 2 sho11· 
Un-induced and Induced cultures of'£. coli expressing r-Bio-1!/V-MEP (41 kDa) respecti1·elr. BirA (34 
kDa) is co-expressed along ll'ith r-Bio-1 !11'-MEP in lane 2. (8) JVestem hlol analrsis of' r-Bio-1 !11 '-
MEP H'ith m ·idin peroxidase. Prestained protein markers 1rere analr::ed in lane A1. Their si::es in (kDa) 
are shoH'Il on the le/i. Lanes I and] sho11· Un-induced and Induced wltures o/ E. coli expressing r-
Biu-11/V-MEP (41 kDa) respectil·elr. r-Bio-11/ JI-MEP is recogni;:ed hr m·idin peroxidase in lane 2. 

97 
66 

45 

30 

20.1 

14.4 

M L F 2 3 4 5 6 7 Figure 4. 15. SDS- PAGE analysis 
of the Ni-N TA elute(/ fraction of r-
Bio-HI V-MEP. Fractions fi'om the 
uf/inil\' column H'ere assa1•ed on a 
SDS-PAGE. Lo11· molecular H'eight 
protein markers \\'ere unah·::ed in 
lane M. Their molecular \\·eights. in 
kDa. are shmm on the lefi. Lanes L 
and F shmr the load and .flow-
through Factions of' the column. 
Lanes 1-7 shoH· the purified 
Factions under denaturing 

conditions in presence of'8M urea. Protein hand~ \\'ere l'isua/i::ed hr Coomassie Blue staining. ArroH· 
on right indicates position of'r-Bio-11/V-MEP. 
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4.3.4. r-HIV-MEP based and r-Bio-HIV-MEP based TRF immunoassays for the 

detection of anti-HIV antibodies using europium(lll) chelate as reporter 

The purified r-HIV-MEP and r-Bio-HIV-MEP were used to establish in-house anti-

HIV Time-Resolved Fluorometric (TRF) immunoassays. In these assays, the purified 

r-HIV-MEP (500 ng/well), passively coated on a microliter plate, and r-Bio-HlV-

MEP (I 00 ng/wcll), immobilized on a strcptavidin coated plate, were used to capture 

anti-HIV antibodies in human sera. Bound anti-HIV antibodies were detected by 50 

ng/well an ti-human antibodies labeled with curopium(III) chelate and europium 

fluorescence was measured by time-resol ved fluorometry. The formats of these assays 

arc schematically represented in Figure 4.16. 

A 

Streptavid in 

Figure 4.16. Dia::rammatic representation of r-HIV-MEP based and r-Bio-HIV-MEP based TRF 
immunoassay.\· (A) r-11/1 '-MEP passi1·elr coated on a 96-H·e/1 plate am/ hlocked. Srep-1 , addition of' 
human sera colllaining antihudies to /Ill '. Srep-2. addition of'europium(/1/J chelate-laheled anti-human 
antihodr and dereclion hy TRF. (8) r-Bio-1111'-MEP immohi/i;:ed on streplal·idin coated Ire/Is. Step-/ . 
addition of' human sera containing antibodies to //IV Step-2, addition oleuropium(/1/J chelate-laheled 
anti-human antihodr and detection bl· TRF. 

4.3.5. Evaluation of r-HIV-MEP based and r-Bio-HIV-MEP based TRF 

immunoassays 

To establish the specificity of r-HIV-MEP and r-Bio-HIV-MEP as intermediate for 

anti-HIV immunoassays, more than 50 HIV-negative human sera samples were 

evaluated. To designate sera as either positive or negative, we used a stringent cut-off 

value of 6500 counts/sec for r-HIV-MEP based- and 6000 counts/sec for r-Bio-HIV-

MEP based-TRF immunoassay, which was obtained by adding three times the 
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standard deviation to the mean of HIV -negative sera [Leland, 2000]. Sera with a 

'signal to cut-off (S/Co) ratio <1.0 were designated as Negative(-) while those with 

S/Co ~ 1.0 were designated as Positive (+). Results demonstrated that r-HIV-MEP 

and r-Bio-HIV -MEP did not exhibit any false-positivity with normal human serum 

samples. These results unequivocally established the high degree of specificity of 

these antigens for the detection of anti-HIV antibodies in infected human sera. 

Next, fifty seven serum samples from various well-characterized BBI panels 

(PRB 931, WWRB 302 and PCA 20 I) were used to evaluate the in-house r-HIV-

MEP-based TRF immunoassay and 9 samples from BBI panel (PRB 931) were used 

to evaluate the in-house r-Bio-HIV-MEP-based TRF immunoassay. Table 4.2 

compares the ability of our in-house r-HIV -MEP-based and r-Bio-HIV -MEP-based 

TRF immunoassays to detect early seroconversion, with those of other commercial 

EIA kits using a set of 9 sera constituting the HIV -I Seroconversion Panel (PRB 931 ). 

The earliest time point at which seroconversion was detected in this panel was at 28 

days, using both the in-house assay formats, represented by panel member #6. It was 

found that out of the five commercial kits tested using PRB 931, this member was 

detected by only Abbott HIV -I /2 EIA kit and our in-house assays. The sensitivity of 

the r-HIV-MEP antigen to detect anti-HIV antibodies was assessed further by testing 

it against BBI's Worldwide HIV Performance Panel (WWRB 302) consisting of 25 

sera. Of this, 21 sera were HIV -1 positive based on commercial EIA kits, representing 

genotypes A, B, C, D, E, F, G and 0, from diverse geographical locations such as 

USA, Spain, and from several countries in Asia and Africa. Of the remaining four 

sera in this panel, two were HIV-2 positive and two were HIV-negative (Table 4.3). 

Interestingly, the in-house immunoassay using r-HIV-MEP identified all 21 HIV-1 

and the two HIV-2 samples. Further, the two sera that were HIV seronegative using 5 

different commercial EIA kits were also found to be seronegative in the in-house 

assay. 

In order to examine the specificity of the in-house assay in the background of 

other infections, BBI's Viral Co-infection Performance Panel consisting of 25 sera 

(PCA 201) was used. Of these, 9 were HIV-seronegative while the rest (n=J6) were 

HIV-seropositive. Many of these samples were also seropositive for HBV, HCV and/ 

or HTLV, based on commercial assays. We tested 7 of the HIV-seronegative, all16 of 
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the HIV-seropositive samples using the r-HIV-MEP-based TRF immunoassay. The 

results are summarized in Table 4.4. Significantly, regardless of the presence or 

absence of antibodies to HBV, HTL V or HCV, the results of the in-house 

immunoassay for HIV antibodies closely matched the results obtained with the 

commercial assays. The lone exception was provided by panel member #20. This 

serum which scored as HIV-positive with the commercial kits was assigned as HIV-

negative using the r-HIV -MEP-based assay. A closer examination revealed that this 

discrepancy is attributable to this sample being a borderline specimen. The S/Co ratio 

which must be 2:1.0 to designate a sample as seropositive was 1.1 for the commercial 

kit and 0.9 using the in-house assay. 

Overall, the data showed that the performance of the single antigen (r-HIV-

MEP) -based TRF immunoassay was in near total agreement with the commercially 

available multi antigen based anti-HIV EIA kits, namely, Abbott HIV-1, Abbott HIV-

1/2, Genetic Systems HIV-1, Genetic Systems HIV-1/2 and Organon Teknika HIV-1. 

The sensitivity and specificity of r-HIV-MEP based TRF immunoassay were 

calculated to be 97.7% and 100%, respectively. 
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Table 4.2. Evaluation of r-HIV-MEP based and r-Bio-HIV-MEP based TRF 
immunoassays using HIV-1 Seroconversion Panel (PRB 931, Boston Biomedica 
Inc.) 

PRB931 
Days Abbott" Gen. Sys.b 

Org. - -- -·-- -.···- -- - --- - -- - r-IDV- r-Bio-IDV· since MEPTRF MEPTRF Member Tek. 
first HIVl HIVl/2 - HIVt IDVl/2 HIVb 

immuno Immuno 
ID# assay• assayd 

bleed" 
-- -~~-----~------~--

1 Ag• + 1 Ag• + This This study 2 Ag• 3 Ag• Viral 2 Ag• Viral study* 1 Ag• 
lysate lysate 1 Ag• 

I 0 0.2 0.1 0.2 0.1 OJ 0.1 (-) 0.2 (-) 
--

2 2 0.2 0.1 0.1 0.1 OJ 0.2 (-) 0.1 (-) 

3 7 0.2 0.1 0.2 0.1 0.4 0.3 (-) 0.1 (-) 

4 9 0.2 0.1 0.2 0.1 OJ 0.3 (-) 0.2 (-) 

5 15 0.2 0.1 0.2 0.1 0.3 0.3 (-) 0.3 (-) 

6 28 0.9 6 OJ 0.4 0.6 1.2 (+) 1.3 (+) 

7 33 3.9 >18.7 0.8 1.1 2.3 5.6 (+) 5.9 (+) 
----

8 35 5.7 >18.7 1.3 1.9 3.1 9.2 (+) 9.3 (+) 

9 42 10.5 >18.7 2.9 4 4.6 10.6 (+) 11.0 (+) 

"Bleed dates for member IDs 0 I to 05 were in August 1995; those for IDs 06 to 09 were in September 
1995. 
h Values indicate 'signal-to-cut-ofT(S/Co) ratios, provided by the panel supplier (BBI) using the 
indicated commercial EIA kits. Gen. Sys., Genetic Systems; Org. Tek .. Organon Teknika. S/Co values 
~ 1.0 are considered as positive. 
c and d Values indicate 'signal-to-cut-ofT ratios obtained using the in-house r-HIV-MEP based and r-
Bio-HIV-MEP based TRF immunoassays. The results using the in-house assays are indicated in 
parentheses. Samples with S/Co values< 1.0 arc designated as negative (-) and those with values~ 1.0 
are designated as positive(+). 
"Ag indicates no. of antigens used in the corresponding immunoassay. 
* Talha ct a1, 2010. 
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Results 

Table 4.3. Evaluation of r-HIV-MEP based TRF immunoassay using Worldwide 
HIV Performance Panel (WWRB 302, Boston Biomedica Inc.) 

Abbotth Gen. Sys.b 
.r-HIV-

WWRB Org. MEP 
302 Origin Genotype · --- ~ --- Tek. TRF ---

Member IDVlb Immun 
ID#" IDVl HIVt/2 HI VI HIVt/2 

__ ~oa~sa(_ 
=.......- --~--,- --- - .. - - r-- -~ - . - - ~ ----1-Agd l-Agd+ This 

2 Agd 3 Agd +Viral 2Agd Viral study* 
lysate __ lysate lAgd 

01 Spain 0 1.1 1.8 0.8 5.6 1.3 10.8 (+) 
02 Ghana A >11.5 >16.1 6.9 8.7 7.0 11.8 (+) 
03 Ghana G >11.5 >16.1 7.1 8.8 7.2 12.3 (+) 
04 Ghana G >11.5 >16.1 7.1 8.8 6.5 11.7(+) 
05 Ghana A >11.5 >16.1 7.1 8.7 7.0 1.8 (+) 
06 Ghana G >11.5 >16.1 6.9 8.8 7.1 9.2 (+) 
08 I VOl)' Coast G >11.5 >16.1 6.9 8.7 6.7 11.8 (+) 
09 I VOl)' Coast A >11.5 >16.1 6.9 8.6 6.5 12.5 (+) 
10 I vol)' Coast Neg 0.4 0.2 0.1 0.4 0.4 0.5 (-) 
II Mozambique HIV-2 1.2 14.6 0.6 9.7 3.0 1.8 (+) 
12 Mozambique c >11.5 >16.1 7.1 8.9 6.9 12.9(+) 
14 Uganda D >11.5 >16.1 4.5 8.5 6.2 6.4 (+) 
15 Uganda D >11.5 >16.1 6.3 8.1 7.2 3.5 (+) 
16 Uganda D >11.5 >16.1 7.0 8.8 6.9 8.8 (+) 
17 Uganda D >11.5 >16.1 6.8 9.8 7.0 2.7 (+) 
19 Zimbabwe c >11.5 >16.1 6.0 9.9 7.0 10.4(+) 
21 China B >11.5 >16.1 6.7 8.8 7.0 12.7 (+) 
22 Thailand E >11.5 >16.1 7.3 9.8 7.0 12.5 (+) 
24 Thailand E >11.5 >16.1 7.4 9.8 6.9 12.2 (+) 
25 India HIV-2 0.4 15.4 3.8 10 2.1 11.5 (+) 
26 USA D >11.5 >16.1 7.4 9.8 7.1 11.0 (+) 
27 USA BID >11.5 >16.1 7.0 9.8 7.2 13.3 (+) 
28 Argentina F >11.5 >16.1 7.0 8.9 6.8 12.0 (+) 
29 Argentina B >11.5 >16.1 6.9 8.5 6.6 12.3 (+) 
30 Argentina Neg 0.3 0.2 0.2 0.2 0.4 0.3 (-) 

a Panel comprised of 25 members. Sample# 7. 13. 18. 20, 23 were not provided by the panel supplier 
(881). 
h Values indicate 'signal-to-cut-ofT(S/Co) ratios. provided by the panel supplier (881) using the 
indicated commercial EIA kits. Gen. Sys .. Genetic Systems: Org. Tek.. Organon Tcknika. S/Co values 
::: 1.0 are considered as positive. 
c Values indicate 'signal-to-cut-ofr ratios obtained using the in-house r-HIV-MEP based TRF 
immunoassay. The results using the in-house assay arc indicated in parentheses. Samples with S/Co 
values< 1.0 are designated as negative(-) and those with values?. 1.0 arc designated as positive(+). 
11 Ag indicates no. of antigens used in the corresponding immunoassay. 
* Talha et al, 20 I 0. 
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Table 4.4. Evaluation of r-HIV-MEP based TRF immunoassay using Viral Co-infection Performance Panel (PCA 201, Boston 
Biomedica Inc.) 

PCA201 Abbott Org.Tek. Abbott Abbott Ortho r-HIV-MEP 
Member ETA Anti Anti- Genetic systems HTLV Blots Resultb Anti- Dupont HIV Western Blots Result< anti- TRFimmuno 

ID# HBsAg" HBc" HTLV" HIVt" HCV" :issayd 
.. -- . . ~- - ·- -~ . ~ =---= --- - - -~-L --- - -

2MAbs 1 Ag Inactivated 2 Ag 3Ag 
This study* 

+I PAb virus 1 Ag 

01 53.4 9.0 2.1 68/61.55/53.42.36,29.24 p 0.2 Not done . 6.3 0.3 (-) 
02 51.6 8.8 0.1 N/A - 13.5 15.24.31,4 I ,53.55.64. I 20. I 60 p 0.7 10.8 (+) 
03 49.3 8.7 2. I 68/6 I .55/53.42.36.29.24 p 0.1 Not done . 6.3 0.2 (-) 
04 26.4 7.7 2. I 68/6 I ,55/53.42.36,34,29.24, I 9 p 0.1 Not done . 0.4 ND 
05 0.4 7.4 2. I 68/6 I ,55/53.46.36.34,29.24. I 9 p 13.5 I 5.24.3 I .4 I .53.55.64. I 20. I 60 p 6.3 12.3 (+) 
06 0.5 0.5 0.1 NIA . 0.1 Not done - 0.5 ND 
07 0.7 0.2 2. I 68/6 I ,55/53.42.36,24 p I 3.5 15.24,3 I ,4 I .53.55.64, I 20. I 60 p 6.3 12.3 (+) 
08 38.9 57.9 0.1 NIA - 13.5 I 5.24.3 I .4 I .53.55.64. I 20. I 60 p 2. I I 0.5 (+) 
09 1.0 0.6 2.1 68/6 I .55/53.42.36.29.24 p 13.5 I 5.24.3 I .4 I .53.55.64. I 20. I 60 p 2.2 12.0 (+) 
10 42.8 7.8 0.1 N/A - 13.5 I 5,24.3 I .4 I .53.55.64, I 20. I 60 p 0.2 12.1 (+) 
II 48.6 8.5 2. I 68/6 I .55/53.42,36.29.24. I 9 p 0.1 Not done - 6.3 0.5 (-) 
12 38.7 8.5 0.2 NIA - 13.5 I 5.24.3 I .4 I .53.55.64. I 20. I 60 p 6.3 14.0 (+) 
13 33.63 9.2 0.1 NIA - 13.5 I 5.24,3 I .4 I .53,55.64. I 20. I 60 p 0.7 10.8(+) 
14 51.8 8.2 2. I 68/6 I .55/53.42,36.29.24. I 9 p 0.32 Not done - 0.5 0.1 (-) 
15 64.5 2. I 1.6 55/53.42.36.29.24 p 0.2 Not done - 6.3 0.7_(-) 
16 0.5 5.4 2. I 68/61.55/53.42.36.24 p 13.5 I 5.24.3 I .4 I .53.55.64. I 20. I 60 p 6.3 13.0 (+) 
17 42.3 8. I 0.1 NIA - 13.5 I 5.24,3 1.4 I .53,64, I 20. I 60 p 1.1 12.1 (+) 
18 55.1 0.4 2.3 68/61.55/53.42.36.24 p 13.5 I 5.24,3 I .4 I .53,55.64. I 20. I 60 p 6.3 12.3 (+) 
19 45.6 2.9 0.2 NIA . I 3.5 I 5.24.3 I .4 I .53.55,64, I 20. I 60 p 0.4 12.2 (+) 
20 12.2 6.2 0.1 NIA - 1.1 I 5.24.vf31. vf41. vf53.vf55.fl6 p 0.1 0.9 (-) '! 
21 42.2 2.7 0.2 NIA - I 3.5 I 5.24.3 I .4 I .53.64. I 20. I 60 p 0.9 12.5 (+) 
22 41.5 7.2 0.1 NIA - 13.5 I 5,24.3 I .4 I .53.55.64, I 20. I 60 p 6.3 13.7 (+) 
23 46 8. I 2. I 68/6 I .55/53,42,32.24 p 0.2 Not done - 6.3 0.6 (-) 
24 0.5 0.5 0.2 N/A - 0. I Not done - 0.4 0.4 (-) 
25 50. I 8.5 0.2 N/A - 13.5 I 5.24,3 I .4 I .53.55.64. I 20. I 60 p 0.9 9.7 (+) 



Results 

........ Continued footnotes, Table 4.4 
" Values indicate 'signal-to-cut-off(S/Co) ratios. provided by the panel supplier (BBI) using the 
indicated commercial EIA kits. Org. Tck., Organon Teknika. S/Co values ~ 1.0 arc considered as 
positive. 
b and' result of HTL V and HIV Wcstcm blot, respectively. provided by the panel supplier (BBI). 'P' 
and '- · indicate the presence and absence, respectively, of antigen bands in the blot assays. 
" Values indicate 'signal-to-cut-off ratios obtained using the in-house r-HIV-MEP based TRF 
immunoassay. The results using the in-house assay are indicated in parentheses. Samples with S/Co 
values< 1.0 arc designated as negative(-) and those with values~ 1.0 arc designated as positive(+). 
'NO' indicates 'not determined' due to lack of samples. '?'indicates a borderline result in the in-house 
assay. 
* Talha ct al. 2010. 
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Results 

4.3.6. Conclusion 

• The r-HIV -MEP was designed using phylogenetically conserved epitopes, 

because they would facilitate the recognition of multiple HIV types and 

groups. The selected epitopes were fused in frame using flexible tetra glycyl 

linkers between adjacent epitopes. 

• The synthetic gene encoding r-HIV-MEP was cloned, in vivo biotinylated and 

expressed in E. coli. r-HIV-MEP and r-Bio-HIV-MEP were purified using Ni-

NT A affinity chromatography and evaluated as single antigen diagnostic 

intermediates for the detection of anti-HIV antibodies using commercially 

available and well-characterized serum panels from Boston Biomcdica Inc. 

• r-HIV-MEP based TRF immunoassay detected HIV infection from diverse 

geographical locations, with high specificity and sensitivity. 

• r-HIV-MEP based and r-Bio-HIV-MEP based TRF immunoassays showed 

high sensitivity in monitoring seroconversion, which was comparable with the 

commercially available EIA kits. 

• The sensitivity and specificity of r-HIV -MEP based TRF immunoassay were 

calculated to be 97.7% and I 00%, respectively. 

• The usc of fluorescent europium( III) chelate labeled antibody as tracer further 

simplified the immunoassay by easy measurement of time-resolved 

fluorescence directly from the dry wells of microliter plate without addition of 

any substrate and stopping the reaction. 
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Results 

4.4. r-HCV-MEP and in-house anti-HCV TRF immunoassay 

A novel recombinant multicpitope diagnostic intermediate, r-HCV -M EP was 

designed by fusing seven virus spcci fie, immuno-dominant, linear and 

phylogcnctically conserved cpitopes from structural and non-structural proteins of 

HCV. r-HCV -MEP was in vivo biotinylatcd using cloning strategies in E. coli. In vivo 

biotinylatcd r-HCV-MEP (r-Bio-HCV-MEP) was purified to homogeneity using Ni-

NT A affinity chromatography. In-house TRF immunoassay was developed based on 

r-Bio-HCV -MEP as capture antigen for the detection of anti-HCV antibodies in 

infected human serum samples. The assay was evaluated using commercially 

available and well-characterized serum panels from Boston Biomedica Inc. Overview 

of the experimental section is shown in Figure 4.17. 

Design of r-HCV-MEP 

Cloning ofr-HCV-MEPgene in E. coli 

Expression of in vivo biotinylated r-HCV-
MEP in E. coli 

Purification of biotinylated r-HCV-MEP 

Development of r-Bio-HCV-MEPbased 
TRF immunoassay for the detection of 

anti-HCV antibodies 

Figure 4.17. 01'erview of experimental .section for r-HCV-MEP and in-house anti-HCV TRF 
immunoassay 
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Results 

4.4.1. Design of r-HCV-MEP 

The two major factors, which prevent universal screening of anti-HCV antibodies in 

blood samples, in a blood-bank setting, arc the high costs and unreliable worldwide 

performance of the currently available anti-HCV EtA kits. The high cost is due to 

requirement of multiple diagnostic intermediates, for the production of these kits. The 

diverse geographical distribution of HCV genotypes and subtypes, results in the 

unreliable performance of these kits. To address these issues, an alternative approach 

was explored to design a single recombinant HCV Multi-Epitopc Protein, HCV -MEP 

Vcrsion2 (HCV-MEP V2), as a suitable inexpensive diagnostic intermediate for anti-

HCV EIA kits. For the designing of HCV-F-MEP Version! (HCV-F-MEP VI) six 

immuno-dominant and linear epitopcs, conserved in most genotypes of HCV 

worldwide, were selected from the literature, as described by Chugh et at., 2006. The 

following modifications were made in HCV-F-MEP VI to generate HCV-MEP V2: 

additional epitopcs from non-structural proteins of HCV, namely, NS4A (3a) and 

NS4A (2b ), a longer region of NS3 (I b), slightly longer region of NS4B (I b) and 

NS5A (I a) were incorporated and a core cpitopc (subtype 3g) was omitted in the 

design ofHCV-MEP V2 (Figure 4.18). These immunodominant cpitopes, known to 

elicit anti-HCV antibodies, were selected based on published literature and arc 

summarized in Table 4.5 . 

Table 4.5: List of HCV -specific immunodominant epitopes selected from the 
literature to design the r-HCV-MEP V2 antigen 

Viral protein Position of epitopes in HCV % Positivity with Reference 
(Subtype) Polyprotein (aa) # patient sera 

NS3 (lb)* I 192-1457 (266) 15 (Park ct al. , 1995] 
--< 

NS4A (3a) 1681-1735 (55) 52.4 [Park ct al.. 1995] 
--< 

NS4A (2b) 1681-1735 (55) 52.4 [Park et al., 1995] 
- -.... 

NS4A (I b)* 1681-1736 (56) 52.4 (Park ct al.. 1995] 
NS4B (!b)* 1920-1941 (22) 82.1 [Park ct al. . 1995] 

- -- --< 
NSSA (Ia)'' 2273-2307 (35) 46.6 [Duo ct al., 2002] 

- -
Core (I b)* 1-44 (44) 92.6 [Park ct al.. 1995] ----

*Indicates thai the same or partial epitopes \\'ere used in the design ofHCV-F-MEP VI {Chugh el a/. , 
2006]. 
# Values in parentheses represent the tow/ no. or amino acid residues taken or the corresponding 
epitope. 
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Positive stand RNA- 10,000 bases 

I I I Ill I 
C E1 E2 NS1 /2 NS3 4A 48 5A 58 

* * ~ * * * 
STRUCTURAL NON·STRUCTU RAL 

HCV Viral Poly protein- 3000 amino acids 

~ 

r-HCV-F-MEP V1 

NS3(1b) 

r-HCV-MEP V2 

NS3(1b) 

r-HCV-MEP V2 Biotinylated 

Figure 4. I 8. Schematic representation of genome, poly-protein am/ design of .1ynthetic non-
biotinylated am/ biotinylated multiepitope proteins of HCV. The 1-/CV genome is a single-stranded, 
positive-sense RNA molecule approximatelr 10 kilo hases (kh) in length ll'ith a single open reading 
fi'ame encoding a pohprotein of' 3,010 to 3,033 depending upon the strain. The poh•-protein is 
processed into several structural and non-structural pol1peptides hy host cell and virall1· encoded 
pro/eases. There is a non-coding region (NCR) o/'324-34 1 nucleotides at the 5' end & a 3' NCR of' 
mriahle length including a polr (U) tract. The structural proteins are the core and llro em'Ciope 
polrpeptides. The se1·era/ non-structural proteins have various en::1'!nalic .fimctions. Fi1·e conse1Ted 
and imnumodomina111 epilopes from the stmctural {Core ( I h and 3g) J and non-s/me/ural {NS3 (I h), 
NS4A (I b). NS48 (I h) and NS5A (I b)J proteins 1rere selected and stitched 11'ith.flexihle linkers to.fimn 
r-HCV-F-MEP VI. Se1•en conserved and immunodomincmt epitopes from the non-stmctural {(NS3 
(!b). NS4A (3a. 2h and /h). NS48 (/b) and NS5A (Ia)] and structural {Core (lh)J proteins \\'ere 
selected and stitched H'ith.flexihle linkers to form r-1/CV-MEP V2. The asterisks indicate the regions of 
the 1/CI ' viral poh·proteinfrom ll'here the epilopes have heen selected. In l'ii'O biotin."!ation of'r-1/CV-
MEP V2 H'a.\' fi rrther done to immobilize it on streptavidin plate. 

The r-HCV-MEP V2 (hereafter referred to as r-HCV-MEP) was designed by linking 

the selected epitopes in tandem using (gly)4 peptides. The D A and predicted amino 

acid sequence of r-HCV -MEP is shown in Figure 4.19. 

The software modeling analysis of the three dimensional structure of the r-

HCV -MEP is shown in Figure 4.20. The analysis suggested that the designed MEP 

permitted easy accessibility of all its constituent epitopes. All these epitopes may 

therefore be freely available for interaction with their cognate antibodies and may 

contribute significantly to their overall sensitivity and specificity for patient sera. 
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NS3(1b) 

'· 

· .. 
- -... --- -. . . ' 

., 

gtg~ttgtgggccatattgagctgggcgc 

V I V G H I E L G G 

Results 

.. ·.,.. •. ~ : -·. .. -

J •• -

.-

·:. -. . ' 

• ! 

NS4A(3a) 
ggcggcggtggt~ g qctgcgtq 

G G G G L S V G C V 
a c g g~tgccggataaagaaqtg 

K P A L V P ~ K E V 
ctgtatc gcagtacgatgagatggaagagtgtagccagqcggcaccgtatattgaucag 
~ Y Q Q Y D E M E E C S ~ Y I E Q 

NS4A(2b) 
gcgcaggcgattgcgcatcagtttaa ggcggcggtggca c~qctgc~ttagcattatt 

A Q A I A H Q F G G G G G C I S I I 
ggccqcattcatctgaacgatcaggtqqt 

G R I H L N D Q V V 
gqacaaagaaa~tctgtacgaa 

P D K E I L Y E 
gcgtttgacgaaatggaggagtgtgcgagcaaagcqqcqctgattgaagaaggccagcgt 

A F D E M E E C A S K l L I E E G Q R 
NS4A (lb) 

atqgcggaaatgctqaaaagcaaaggcggtggcggcgtggtgatcgttggccgtattatt 
! ~SK GGGG VVIVGRI I 

ctgagcggccgtccggcgattattccggatcgtgaagttctgtatcgcgaatttgatgaa 
L S G R P A I I P D R E V L Y R E F D E 

atggaagaatgcgccagccatctgccgtacatcgaacagggcattcagctggccgaacag 
M E E C A S H L P Y I E Q G I Q L A E Q 

NS4B(la,lb) 
tttaaacagaaagcgctgggcctgggcggtggcggt 

F K Q K A L G L G G G G 
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NSSa(la) 
ggtggcggtggcgaaatt 

G G G G E I 
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ctgcgtaaaagccgtcgttttgcgcaggcgctgccggtctgggcgcgtccggattacaat 
L R K S R R F A Q A L P V W A R P D Y N 

Core(la,lb) 
ccgccgctggttgaaacctggaaaaaaccggattatgaaggcggtggtggcatgagcacc 

P P L V E T W K K P D Y E G G G G M S T 
aatccgaaaccgcagcgtaaaaccaaacgtaacaccaaccgtcgtccgcaggatgtgaaa 

N P K P Q R K T K R N T N R R P Q D V K 
tttccgggcggtggccagattgtgggcggcgtgtatctgctgccgcgtcgtggtccgcgt 

F P G G G Q I V G G V Y L L P R R G P R 
ctgacggtggccagattgtgggcggcgtgtatctgctgccgcgtcgtggtccgcgtctga 

L T V A R L W A A C I C C R V V V R V * 

Figure 4.19. Complete nucleotide (small case alphabets) and predicted aa (capital case alphabet~) 
sequences ofr-HCV-MEP gene showing se11en epitopes faa 1-270: NS3( I h): au 275-329: NS4A (3a): 
aa 334-388: NS4A (2h} , aa 393-448. NS4A (/h): aa 453-474.· NS4B (Ia, /h). aa 479-513 NS5A (Ia). 
aa 518-561: Core (Ia. /h)/linked together H'ithflexible tetra g~rc)'!!inkers (underlined). The asterisk 
indicates the engineered stop codon. 

Figure 4.20. Software-generated graphic 11isua/ization (http:ll:hanglab.ccmb.med.umich.edull-
TASS£RI) ofribbonmode/ ofr-HCV-MEP. All se11en epitopes are shown in different colours. The 
colour of each epitope corre.1ponds to the amino acid sequence shown in the same colour in figure 
4.19. 

4.4.2. Cloning, expression and purification of in vivo biotinylated r-HCV-MEP 

The r-HCV -M EP gene was cloned into the in vivo biotinylation expression vector 

pET-28b(+)-Trx-BAP at unique EcoRl and Hindlll sites in an open reading frame 

under the control of T7 promoter (Figure 4.21 ). 
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A EcoRI 8 
1 2 3 4 5 6 

4.0-1 2.{ 
3.0 
2.0 
1.6 
1.0 

pET-28b(+)-Trx-
BAP-HCV-MEP 0.5 

(7.7 kb) 

Figure 4.21. Cloning ofr-HCV-MEP gene in in vivo biotinylation vector pET-28b(+)-Trx-BAP. (A) 
Map o/ expression 1·eclur pET-28h(+)-Trx-BAP ll'ilh gene encoding r-HCV-MEP. inserted into the 
unique EcoRI and 1-findll/ sites. (B) Srnthetic gene of' r-1/CV-MEP \\'as digested 1rith EcoRI and 
llind/11 en:.rmes and cloned in pET-28h(+)-Trx-BAP a/ respC'cli1•e sites. Putali1·e clones \\'ere 
confirmed hr digestion 1\'ilh EcoRI and llindll!. The resulla111 digested products 1\'l!re analr:.ed on 1% 
agarose gel. Lane 2. 4. 5 and 6 shmt· the positit•e clones H'ilh the expected insert fed/ out of' r-1 JCI'-
MEP gene a/ I. 7 kh. DNA si:.e markers are shmrn in lane I ll'ilh relemnl si;;es (in kh) indicated 011 the 
lefi. Arroll' on righl indicates position o/r-HCV-MEP gene insert. 

pET-28b(+)-Trx-BAP-r-HCV-MEP plasmid and pETDuct-1-BirA plasmid were co-

transformed into the E. c:oli strain BL21 (DE3) and transformants were selected in 

presence of ampicillin and kanamycin containing medium. The recombinants were 

induced with I mM IPTG and were analyzed for expression. Figure 4.22A shows the 

polypeptide profile ofr-Trx-BAP-HCY-MEP (r-Bio-HCY-MEP) clone. The synthesis 

of the predicted -79 kDa r-Bio-HCV-MEP and 34 kDa BirA protein was evident in 

the induced cells (Figure 4.22A, lane 2) and both the proteins were absent in un-

induced cells (Figure 4.22A, lane I). The expression and in vivo biotinylation of r-

Bio-HCV -MEP was confirmed by western blot. The un-induccd and induced samples 

were transferred onto nitrocellulose membrane after SDS- PAGE and probed with 

avidin peroxidase (Figure 4.228). It indicated the presence of -79 kDa biotinylated 

protein (r-Bio-HCV-MEP) in induced cells (Figure 4.22B, lane 2) whereas the un-

induccd cells did not express any biotinylated protein (Figure 4.22B, lane I). 
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Results 

2 

r-Bio -HCV-MEP 

Figure 4.22. Expression lind western blot analysis of r-Bio-HCV-MEP. (A) SDS-PACE analrsis o( 
1../n-induced and induced cultures o{ E. coli expressing the r-Bio-IICI"-MEP. LOll' molecular \\"eight 
protein markers H'ere analr::.ed in lane M. Their si::es in (kDa) are sholl'n on the le/i. Lanes I and 2 
shoH' Un-induced and Induced cultures o{ E. coli expressing r-Bio-1/CV-MEP (79 kDa) respecti1•elr. 
BirA (34 kDa) is co-expressed along H'ith r-Bio-1/CV-MEP in lane 2. (B) Western h/ol wwlrsis o{r-
Bio-1/CV-MEP H'ilh aridin peroxidase. Pre.~tained protein markers \\'ere wwh·::ed in lane M. Their 
si:es in (kDa) are shmm on the leji. Lones I and 2 shOII' Un-induced and Induced cultures o/ E. coli 
expressing r-Bio-1/CV-MEP, respecti1-el1 '. r-Bio-1/CI '-MEP is recogni:ed hr m•idi11 peroxidase in lane 
2. 

Lysis of the induced cells by sonication under native conditions showed that the 

protein was not present in the soluble fraction . Therefore, guanidinium-HCI was used 

to solubilize the protein . Subsequently, its purification was carried out under 

denaturing condition in presence of 8 M urea using Ni-NT A affinity chromatography. 

The fractions of eluted protein were analysed by SDS-PAGE (Figure 4.23, lane 1-7). 

The crude lysate (loaded on the column) containing the r-Bio-HCV-MEP is shown in 

lane 'L' and the flow through after binding is shown in lane 'F'. Extensive washing at 

pH 6.3 and 5.9 ensured that no non-specific contaminants remained bound to the 

column. Elution at pH 4.3 yielded highly pure r-Bio-HCV-MEP from the column 

(lanes 1-7). From a comparison of the protein profiles of the elution with crude lysate, 

it was evident that >95% purity was achieved. Starting from 3g induced cell biomass 

from I L £. coli culture, ~30 mg of purified r-Bio-HCV-MEP (pooled fractions 111 

lanes 1-7) was obtained. 
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Figure 4.23. SDS- PAGE analysis of 
the Ni-NTA eluted fraction of r-Bio-
HCV-MEP. Fraclions from the a[finitr 
column \\"ere assayed on a SDS-PAGE. 
Low molecular \\"eight protein markers 
were loaded in lane M. Their molecular 
\\"eights. in kDa. are sho11·n on the lefi. 
Lanes L and F show !he load and/low-
lhrough fraclions of" the column. Lanes 
1- 7 show the purified .fi'aclions under 
denaturing condilions in presence of" 
8M urea. Prolein hands were visualized 
b)' Coomassie Blue slaining. Arr01r on 

4.4.3. r-Bio-HCV-MEP based TRF immunoassay for the detection of anti-HCV 

antibodies using europium(! II) chelate as reporter 

The purified r-Bio-HCV-MEP was used to establish in-house anti-HCV Time-

Resolved Fluorometric (TRF) immunoassay. In this assay, the purified r-Bio-HCV-

MEP (I 00 ng/well) immobilized on a streptavidin coated plate was used to capture 

anti-HCV antibodies in human sera. Bound anti-HCV antibodies were detected by 50 

ng/well anti-human antibodies labeled with europium(III) chelate and europium 

fluorescence was measured by time-resolved fluorometry. The format of this assay is 

schematically represented in Figure 4.24. 

A B c 

Streptavidin ----------------
Figure 4.24. Diagrammatic representation ofr-Bio-HCV-MEP based TRF immunoassay (A) r-Bio-
HCV-MEP immobilized on s/reptavidin coaled plate (8 ) Step-/ , addilion of human sera conlaining 
amihodies to IICV. (C) S!ep-2. addilion of europium(!!/) chelale-Jabeled anli-human anlihody and 
detection b.1• TRF. 
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4.4.4. Evaluation of r-Bio-HCV -MEP based TRF immunoassay 

To establish the specificity of r-Bio-HCV -MEP as an intermediate for anti-HCV TRF 

immunoassay, more than 50 HCV -negative human sera samples were evaluated. To 

designate sera as either positive or negative, we used a stringent cut-off value of7400 

counts/sec for r-Bio-HCV-MEP based TRF immunoassay, which was obtained by 

adding three times the standard deviation to the mean of HCV -negative sera [Leland, 

2000). Sera with a 'signal to cut-off (S/Co) ratio <1.0 were designated as Negative (-) 

while those with S/Co 2: 1.0 were designated as Positive (+). Results demonstrated 

that r-Bio-HCV -MEP did not exhibit any false-positivity with normal human serum 

samples. These results unequivocally established the high degree of specificity of r-

HCV -MEP protein for the detection of anti-HCV antibodies in infected human sera. 

Next, fifty four serum samples from various well-characterized BBI panels 

(PHV 901, WWHV 301 and PCA 201) were used to evaluate in-house r-Bio-HCV-

MEP based TRF immunoassay. Table 4.6 compares the ability of the in-house 

immunoassay to detect early seroconversion, with those of other commercial kits 

using a set of II sera constituting the HCV Seroconversion Panel (PHV 901 ). The 

earliest time point at which seroconversion was detected in this panel was at 97 days, 

using the in-house assay, represented by panel member #3. It was found that both the 

commercial kits tested, Abbott HCV 2.0 EIA and Ortho HCV 2.0 EIA and our in-

house assay, detected this member from PHV 90 I, but the signal-to-cut-off ratios 

obtained with the in-house assay were several folds higher than the commercially 

available kits tested. The sensitivity of the r-Bio-HCV-MEP to detect anti-HCV 

antibodies was further assessed by testing it against BBI's Worldwide HCV 

Performance Panel (WWHV 30 I) consisting of 20 sera. Of these 18 sera were HCV 

positive based on commercial EIA kits, representing genotypes 1-4 and different 

subtypes, from diverse geographical locations such as Argentina, Uganda, Ghana, 

China, Egypt and US. The remaining two sera in this panel were HCV -negative 

(Table 4.7). The in-house immunoassay using r-Bio-HCV-MEP identified all 18 HCV 

positive samples. Further, the two sera that were HCV seronegative using 3 different 

commercial kits were also found to be seronegative in the in-house assay. 

In order to determine the specificity of the in-house assay in the background of 

other infections, BBI's Viral Co-infection Performance Panel consisting of 25 sera 
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(PCA 20 I) was used. Of these, II were HCV -seronegative while the rest (n= 14) were 

HCV-seropositive and many of these samples were also seropositive for HBV, HJV 

and/ or HTLV, based on commercial assays. We tested 9 of the HCV-seronegativc 

and all 14 of the HCV-scropositive samples using the r-Bio-HCV-MEP-based TRF 

immunoassay. The results arc summarized in Table 4.8. Significantly, regardless of 

the presence or absence of antibodies to HBV, HIV or HTLV, the results of the in-

house immunoassay for HCV antibodies closely matched the results obtained with the 

commercial assays. Overall, the data showed that the performance of our single r-Bio-

HCV-MEP-based immunoassay was in total agreement with the commercially 

available multi antigen based anti-HCV EIA kits, namely, Abbott HCV 2.0, Abbott 

HCV 3.0 and Ortho HCV 3.0. The sensitivity and specificity both, of r-Bio-HCV-
• 

MEP based TRF immunoassay were calculated to be I 00%. 
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Table 4.6. Evaluation of r-Bio-HCV-MEP based TRF immunoassay using HCV 

Seroconversion Panel (PHV 901, Boston Biomedica Inc.) 

PHV901 Bleed dates Days since AbbottHCV OrthoHCV r-Bio-HCY- I 
Member first bleed 2.0" 2.0" MEPTRF I 

ID# . ~mmun~ass_al j 
~~- ~---·- ,·--~- -., -- ---- -- ---

< ~ -~3Agc --- . ~~~ -~ =--'~.,._- ---

2 Ag• This study 
- ------ 1 Age 

I 23 SEP 93 0 0.2 0.0 0.7 (-) 
2 27 NOV 93 65 0.2 0.0 0.8 (-) 
3 29 DEC 93 97 1.6 1.2 4.0 (+) 
4 31 DEC 93 99 1.7 1.2 3.7 (+) 
5 05 JAN 94 104 1.7 1.4 3.7 (+) 
6 07 JAN 94 106 1.6 1.8 5.6 (+) 
7 01 FEB 94 131 3.8 >3.6 6.8 (+) 
8 09 FEB 94 139 3.6 >3.6 10.8 (+) 
9 01 MAR 94 159 >5.0 >3.6 11.0(+) 
10 08 MAR 94 166 >5.0 >3.6 11.2 (+) 
II 14 APR 94 203 >5.0 >3.6 10.9 (+) 

" Values indicate 'signal-to-cut-off(S/Co) ratios, provided by the panel supplier (BBI) using the 
indicated commercial EIA kits. S/Co values 2: 1.0 are considered as positive. 
b Values indicate 'signal-to-cut-off ratios obtained using the in-house r-Bio-1-ICV-MEP based TRF 
immunoassay. The results using the in-house assay arc indicated in parentheses. Samples with S/Co 
values< 1.0 are designated as negative(-) and those with values 2: 1.0 arc designated as positive(+). 
c Ag indicates no. of antigens used in the corresponding immunoassay. 
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Table 4.7. Evaluation of r-Bio-HCV-MEP based TRF immunoassay using 

Worldwide HCV Performance Panel (WWHV 301, Boston Biomedica Inc.) 

WWHV Murex Innogenetics Abbott Abbott Ortho r-Bio-HCV- J 
301 origin HCV INNO- HCV HCV HCV MEPTRF 

Member serotyping• LIPA" 2.0h 3.0h 3.0h immunoassay< . 
ID# 

~~--~ " "~"-
- ,, ---- --·- ~ 

3 Agd 3 Agd 3 Agd This study 
1 Agd 

~· - ·-- - -
1 Argentina 1 lb >5.0 >5.6 >5.0 8.6 (+) 

2 Argentina Not typable lb >5.0 >5.6 >5.0 9.5 (+) 

3 Argentina 3 3a!b >5.0 >5.6 >5.0 9.5 (+) 

4 Argentina 2 2a/c >5.0 >5.6 >5.0 10.0 (+) 

5 Argentina Neg Not tested 0.2 0.1 0.0 0.2 (-) 

6 Uganda 4 4c/d 4.7 >5.6 >5.0 9.0 (+) 

7 Uganda 2 Not typable 2.1 4.4 >5.0 2.5 (+) 

8 Ghana Neg Not tested 0.3 0.4 0.1 0.2 (-) 

9 China 1 1 b, 2a/c >5.0 >5.6 >5.0 3.9 (+) 
f-

10 China 1 2 >5.0 >5.6 >5.0 10.5(+) 

11 China 1 lb 2.4 >5.6 >5.0 2.4 (+) 

12 China 2 2 >5.0 >5.6 >5.0 10.2 (+) 

13 China 1,2 1 alb, 2a/c >5.0 >5.6 >5.0 9.7 (+) 

14 Egypt (3) 3a >5.0 >5.6 >5.0 3.7 (+) 

15 Egypt (4) 4 3.8 >5.6 >5.0 10.1 (+) 
--· -

16 Egypt (4) 4h >5.0 >5.6 >5.0 5.6 (+) 

17 Egypt (4) Nottypablc >5.0 >5.6 >5.0 2.4 (+) 

18 us 1 lb 3.5 >5.6 >5.0 1.3 (+) 

19 us Not typable Ia 0.8 3.2 >5.0 1.7 (+) ---------- ---------
20 us 1 Ia 4.7 >5.6 >5.0 3.3 (+) 

" ( ) = stronger reactivity with the peptide indicated, but docs not meet all of manufacturer's criteria: 
type confirmed by research amplification method. Results provided by the panel supplier (8BI). 
" Values indicate 'signal-to-cut-oiT'(S/Co) ratios, provided by the panel supplier (881) using the 
indicated commercial EIA kits. S/Co values::: 1.0 are considered as positive. 
'Values indicate 'signal-to-cut-off ratios obtained using the in-house r-8io-I-ICV-MEP based TRF 
immunoassay. The results using the in-house assay are indicated in parentheses. Samples with S/Co 
values< 1.0 are designated as negative(-) and those with values::: 1.0 arc designated as positive(+). 
d Ag indicates no. of antigens used in the corresponding immunoassay. 
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Table 4.8. Evaluation of r-Bio-HCV-MEP based TRF immunoassay using Viral Co-infection Performance Panel (PCA 201, Boston 

Biomedica Inc.) 
--

Org. PCA 201 Abbott Abbott Abbott r-Bio-HCV-
Member EIA Tek. Anti- Genetic systems HTL V Blots Resulth Anti- Dupont HIV Western Blots Result• Ortho anti- MEPTRF 

ID# HBsAg" Anti HTLV" HIVl" HCV" immunoassay" HBc" 
~ - -- -- ·- - ·~ ----- ·- - -. ----- - - -·- ·- - ' -

2 MAbs 1 Ag Inactivated 2Ag 3 Ag This study 
+ 1 PAb virus 1 Ag 

01 53.4 9.0 2.1 68/61.55/53,42,36.29.24 p 0.2 Not done - 6.3 12.5 (+) 
02 51.6 8.8 0.1 N/A - 13.5 15,24.31.41.53.55.64, 120.160 p 0.7 0.7(-) 
03 49.3 8.7 2.1 68/61.55/53,42,36.29.24 p 0.1 Not done - 6.3 11.0 (+) 
04 26.4 7.7 2.1 68/61.55/53.42.36.34.29.24.19 p 0.1 Not done - 0.4 ND 
05 0.4 7.4 2.1 68/61.55/53.46.36,34.29.24.19 p 13.5 15.24.31.41.53.55.64,120.160 p 6.3 10.9 (+) 
06 0.5 0.5 0.1 N/A - 0.1 Not done - 0.5 ND 
07 0.7 0.2 2.1 68/61.55/53.42.36.24 p 13.5 15.24.31.41.53.55,64.120.160 p 6.3 13.6 (+) 
08 38.9 57.9 0.1 N/A - 13.5 15.24,31 ,41 ,53.55,64.120.160 p 2.1 5.4{_+) 
09 1.0 0.6 2.1 68/61.55/53.42.36.29.24 p 13.5 15.24.3 1.41.53.55.64.120.160 p 2.2 8.9 (+) 
10 42.8 7.8 0.1 N/A - 13.5 15.24.31.41.53.55,64.120.160 p 0.2 0.2 (-) 
II 48.6 8.5 2.1 68/61.55/53,42.36.29.24.19 p 0.1 Not done - 6.3 12.3 (+) 
12 38.7 8.5 0.2 N/A - 13.5 15.24.31.41.53.55.64,120.160 p 6.3 13.8 (+) 
13 33.63 9.2 0.1 N/A - 13.5 15.24.31.41.53.55.64,120.160 p 0.7 0.7 (-) 
14 51.8 8.2 2.1 68/61,55/53.42.36.29.24,19 p 0.32 Not done - 0.5 0.6 (-) 
15 64.5 2.1 1.6 55/53.42.36.29.24 p 0.2 Not done - 6.3 13.1 (+) 
16 0.5 5.4 2.1 68/61.55/53,42,36.24 p 13.5 15.24.31.41.53.55.64.120.160 p 6.3 11.8 (+) 
17 42.3 8.1 0.1 N/A - 13.5 15,24.3 1.41,53.64,120.160 p 1.1 1.4 (+) 
18 55.1 0.4 2.3 68/61.55/53,42.36,24 p 13.5 15.24.31.41,53,55,64.120, 160 p 6.3 11.7 (+) 
19 45.6 2.9 0.2 N/A - 13.5 15,24,31.41.53.55.64,120.160 p 0.4 0.8 (-) 
20 12.2 6.2 0.1 N/A - 1.1 15.24.vGI. vf41, vf53,vf55.fl6 p 0.1 0.6(-) 
21 42.2 2.7 0.2 N/A - 13.5 15.24.31.41.53.64.120.160 p 0.9 0.6(-) 
22 41.5 7.2 0.1 N/A - 13.5 15.24,31.41.53.55.64.120.160 p 6.3 10.0 (+) 
23 46 8.1 2.1 68/61.55/53.42.32.24 p 0.2 Not done - 6.3 11.6 (+) 
24 0.5 0.5 0.2 N/A - 0.1 Not done - 0.4 0.8 (-) 
25 50.1 8.5 0.2 N/A - 13.5 15,24.31.41,53,55,64.120,160 p 0.9 0.3 (-) 



Results 

........ Continued footnotes, Table 4.8 

" Values indicate 'signal-to-cut-ofr(S/Co) ratios, provided by the panel supplier (881) using the 
indicated commercial EIA kits. Org. Tek., Organon Teknika. S/Co values 2: 1.0 are considered as 
positive. 
b and' result of 1-ITLV and I-llY Western blot, respectively, provided by the panel supplier (881). 'P' 
and'-' indicate the presence and absence, respectively, of antigen bands in the blot assays. 
d Values indicate 'signal-to-cut-off ratios obtained using the in-house r-8io-HCV-MEP based TRF 
immunoassay. The results using the in-house assay are indicated in parentheses. Samples with S/Co 
values< 1.0 are designated as negative(-) and those with values;:: 1.0 are designated as positive(+). 
'ND' indicates 'not dctennincd' due to lack of samples. 
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4.4.5. Conclusion 

• To enhance the sensitivity of ant-HCV immunoassay, the r-HCV-F-MEP VI 

was modified to design r-HCV-MEP V2 by addition of longer regions ofNS3, 

NS4B and NS5A, and two new NS4A immunodominant epitopes from 

different subtypes. The selected epitopes were fused in frame using flexible 

tetra glycyllinkers between adjacent epitopes. 

• The synthetic gene encoding r-HCV -MEP was cloned, in vivo biotinylated and 

expressed in £. coli. r-Bio-HCV-MEP was purified using Ni-NT A affinity 

chromatography and evaluated as a single antigen diagnostic intermediate for 

the detection of anti-HCV antibodies using commercially available and well-

characterized serum panels from Boston Biomedica Inc. 

• r-Bio-HCV-MEP based TRF immunoassay detected HCV infection from 

diverse geographical locations, with high specificity and sensitivity. It was 

also useful in monitoring seroconversion. 

• The sensitivity and specificity both, of r-Bio-HCV -MEP based TRF 

immunoassay were calculated to be I 00%. 

• The use of fluorescent europium(III) chelate labeled antibody as tracer further 

simplified the immunoassay by easy measurement of time-resolved 

fluorescence directly from the dry wells of microliter plate without addition of 

any substrate and stopping the reaction. 
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4.5. In-house HBsAg TRF immunoassay 

Monoclonal antibodies (MAbs) 21 8 and SS specific for HBsAg were purified to 

homogeneity. An in-house H8sAg TRF immunoassay was developed using the two 

purified MAbs. Purified and chemically biotinylated-MAb 21 8 , immobilized on 

strcptavidin-coatcd wells, was used to capture H8sAg in human serum samples. The 

bound HBsAg were detected using SS F(ab)2 fragments coated on curopium(lii) 

nanoparticlcs. Time-resolved fluorescence of europium was measured directly from 

dry wells. The H8sAg TRF immunoassay was evaluated by an in-house Finnish 

human serum panel and a commercially available and wcll-charactcrizcd serum panel 

from Boston 8iomcdica Inc. Overview of the experimental section is shown in Figure 

4.25. 

Hybridoma clones producing monoclonal 
antibodies 21 Band 5S specific for HBsAg 

Inoculation ofhybridoma clones in mice 
and collection of ascitic fluid 

Purification of MAb 218 and 5S 

In vitlV biotinylation of MAb 21 B; 
fragmentation ofMAb 5S and coating of 

5S F(ab)z fragments on europium 
nanopart icles 

Development of a TRF immunoassay for 
the detection of H BsAg 

Figure 4.15. Overview ofexperimenfllfsectionjiJr in-IUJII.\'e HBsAg TRF immunoa.uay 
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4.5.1. Purification of MAbs 5S and 21 B specific for H BsAg 

The hybridoma clones producing monoclonal antibodies (MAbs) 5S and 218, specific 

for HBsAg, were inoculated in mice to induce ascitic fluid formation. The ascitic fluid 

was collected and MAbs 5S and 218 were purified using prosep-VA ultra (protein A) 

column. Purified MAbs were analysed on SDS-PAGE (Figure 4.26). Both the MAbs 

were obtained in highly pure form as is clearly evident. 

A B 
M 

Figure 4.26. Purification ofMAh SS and 218. Panel A shows !he purified MAh 218 (Lane I). Panel B 
shmrs !he purified MAh 55 (Lane I). Prolt'in 111arkers wert' analr::t'd in lane M Tht'ir si::es in kDa ure 
shmm on !he le/i. 

4.5.2. In vitro biotinylation of MAb 21 B 

HBsAg specific MAb 21 B was biotinylated with 40-fold molar excess of biotin 

isothioeyanate, as described in materials and methods. Biotinylated MAb was 

segregated from non-reacted free biotin . Non-biotinylated and biotinylated MAb were 

analysed on SDS-PAGE (Figure 4.27). 

M 2 

Figure 4.27. Biotinylation ofMAh 2/B. Lane/ shmrs the purified 
MAb 218. Lane 2 shtNS the hiotinrlated MAh 218 (8 io-MAh218). 
Protein 111arkers 1rere analr::ed in /ant' M Their si::es in kDu are 
shmm on the lt'/i. 
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4.5.3. Enzymatic fragmentation of MAb 5S and coating of 5S F(ab)z fragments 

on europium(III) nanoparticles 

SS F(ab)2 fragments were produced by enzymatic fragmentation of SS MAb using 

bromclain . The fragmentation product was purified on HiTrap Protein G HP 

chromatography column . Removal of Fe region of MAb SS resulted in lower 

background in subsequent TRF immunoassays (data not shown). The intact MAb SS 

and SS F(ab)2 fragments were analysed on SDS-PAGE (F igure 4.28). Amino groups 

of SS F(ab)2 were covalently coupled to activated carboxyl groups of curopium(fll) 

nanoparticlcs. Activation of carboxyl groups was performed using NHS- and EDC-

chcmistry, as described in materials and methods. 

Figure 4.28. Fragmentation of MAb 5S. Lane I shall'S the 
purified MAh 55. Lane 2 sholi'S the purified 5S F(ahh ji-agments. 
Protein markers \\'ere anall':ed in lane M. Their si:es in kDa are 
shmrn 0 11 the lefi . 

4.5.4. TRF immunoassay for the detection of HBsAg in human sera using 

eu ropium(lll) nanoparticles as reporter 

The purified Bio-M Ab 21 B and SS F(ab)2 coated on europium nanoparticlcs were 

used to establish in-house HBsAg Time-Resolved Fluoromctric (TRF) immunoassay. 

In this assay, the Bio-MAb 21 B ( 150 ng/wcll) immobilized on a strcptavidin coated 

plate was used to capture HBsAg in human sera. Bound HBsAg were detected by 

using SS F(ab)2 coated on europium( lll ) nanoparticlcs (108 nanoparticlcs/wcl l) as 

tracer and europium fluorescence was measured by time-resolved fluorometry. The 

format of this assay is schematica lly represented in Figure 4.29. 
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A 8 c 
A.,340nm A.m615nm 

Clf ':n ,,,.,,, Eu Nano 

~~ 
HBsAg 

I \ ! \ \\ \ "[ "[ ~ t r "[ "[ 
Streptavidin 

Figure 4.29. Diagrammatic representation of HBsAg TRF immunoassay (A) Bio-MAb 218 
immohili:ed on streptal'idin coated plate (B) Step-/, addition of' human semm containing 1/BsAg (C) 
Step-2, addition o/'5S F(ahh coated europium(///) nanoparticles and detection h.l' TRF. 

4.5.5. Evaluation of HBsAg TRF immunoassay 

In order to establish the specificity of HBsAg immunoassay, more than 50 HBV 

negative human serum samples were evaluated. To designate sera as either positive or 

negative, we used a stringent cut-off value of 1145 counts/sec for HBsAg TRF 

immunoassay, which was obtained by adding five times the standard deviation to the 

mean of HBsAg-ncgative sera [Leland, 2000]. Sera with a 'signal to cut-off (S/Co) 

ratio <1.0 were designated as egativc (-) while those with S/Co :::: 1.0 were 

designated as Positive (+). Results demonstrated that in-house HBsAg TRF 

immunoassay did not exhibit any false-positivity with normal human serum samples 

(Figure 4.30). These results unequivocally established the high degree of specificity 

of monoclonal antibodies (MAb 218 and SS) for the detection of HBsAg in infected 

human sera. The assay was further evaluated with an in-house Finnish human serum 

panel consisting of 25 HBV positive samples, out of which 23 were efficiently 

detected by the HBsAg TRF immunoassay, while one was undetectable and one was 

on borderline (Figure 4.30). To evaluate the sensitivity of HBsAg TRF immunoassay 

to detect HBsAg, dilution series of r-HBsAg were analysed with HBsAg TRF 

immunoassay. Calibration curve is shown in Figure 4.3 1. The lowest detectable 

concentration of r-HBsAg was 0.02 ng/ml and the dynamic linear range was 0.02- 200 

ng/ml. 
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Results 

Figure 4.30. HBsAg TRF 
immunoassay with in-house 
Finnish human serum panel 
consisting of normal and HB V 
infected serum samples . 

Figure 4.31. Calibration curve for 
HBsAg detection in HBsAg TRF 
immunoassay. Red star represems 
1/BsAg detection. Un:fil/ed star 
represents coefficient of' l'llriat ion of' 
the USSU\ '. 

In order to examine specificity of the in-house assay, in the background of other 

infections, 881 's Viral Co-infection Performance Panel consisting of 25 sera (PCA 

20 I), was used. Of these, 5 were HBsAg-scroncgativc whi le the rest (n=20) were 

H8sAg-scropositivc and many of these samples were also seropositive fo r HIV, HCV 

and/ or HTL V, based on commercial assays. We tested 4 of the H8sAg-scronegativc 

and 19 of the H8sAg-scropositive samples using the H8sAg TRF immunoassay. The 

results arc summarized in Table 4.9. Out of the 19 H8sAg-scropositivc samples, 3 

were not detected by H8sAg TRF immunoassay. The three samples were PCA20 I #9, 

# 18, #20 . These three samples were tested with Hepanostika H8sAg ultra kit 

(b ioMcrieux SA . Marcy l'l:toilc. France) and it was found that sample #9 and # 18 

were borderline cases, while #20 was a clear positive sample. The samples were 

further tested in a format where Hepanostika kit ' s coated wells were used as capture 

and 5S F(abh coated on europium nanoparticles was used as tracer. In this format 

sample #20 was clear positive, while #9 and # 18 remained undetectable. The 

sensitivity and specificity of H8sAg TRF immunoassay were calculated to be 91 .6% 

and I 00%. respectively. 
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Table 4.9. Evaluation of HBsAg TRF immunoassay using Viral Co-infection Performance panel (PCA 201 , Boston Biomedica Inc.) 

PCA 201 Abbott Org. Abbott Or tho IIBsAg 

Member EIA Tek. Abbott Anti- Genetic systems IITL V Blots Result" Anti- Dupont II IV Western Blots Result' anti- TRF 
Anti HTLV' immuno 

ID# IIBsAg' HBc' 
IIIVI ' HCV' assay• 

2 MAbs I Ag 
Inactivated 2 Ag 3Ag 

+ I PAb virus 
01 53.4 9.0 2.1 6H/61.55 53.42.36.29.24 p 0.2 ;\lot done 6.3 

~ 
0 .1 N/A 13 .5 15.24.3 1.41 .53.55.64. 120. 160 p 0.7 

~ 
02 5 1.6 X.H 
03 49.3 H.7 2. 1 68 '61.55 153.42 .36.29.24 p 0. 1 ;\lot done 6.3 
04 26.4 7.7 2.1 68/6 1.55/53.42.36.34.29.24. 19 p 0. 1 Not done 0.4 ~D 

05 0.4 7.4 2 .1 6H 6 1.55 53.46.36.34.29.24.19 p 13 .5 15.24.31.41 .53.55 .64.1 20. 160 p 6.3 o.3 ~-L 
06 0.5 0.5 0.1 "'A 0. 1 "'ot done 0.5 :\'D 
07 0.7 0 .2 2. 1 6H 16 1 .55 '53.42 .36.24 p 13 .5 15.24.3 1.41.53.55 .64.120. 160 p 6.3 0.4 (-~ 
ox 3H.9 57 .9 0. 1 "'A 13.5 15 .24.3 I ,41 .53.55.64. 120. 160 p 2. 1 700.6 (+ ) 
09 1.0 0.6 2. 1 6X/6 1.55 53.42.36.29.24 p 13.5 15.24.3 1.41 ,53.55.64. 120. 160 p 2.2 0.4 (:)? 
10 42 .R 7. X 0. 1 ;\!A 13.5 15 .24.3 1.41 .53 .55.64.120. 160 p 0 .2 624.0 (+) 
II 4X .6 X.5 2. 1 68 6 1.55 53.42.36.29 .24.19 p 0. 1 ;\lot done 63 1.3 (:1:) 
12 38.7 X.5 0.2 "' I A 13.5 15.24.3 1.41 .53.55.64. 120. 160 p 6.3 182.9 (+ ) 
13 33 .63 9.2 0 .1 A 13.5 15.24 .31.41.53.55.64. 120.160 p 0.7 719.8 (+) 
14 5 1. X X.2 2. 1 68/6 1,55/53.42.36.29.24. 19 p 0.32 Not done 0.5 276.7 (+) 
15 64.5 2. 1 1.6 55 '53.42.36.29.24 p 0.2 ;\lot done 6.3 184.2 (+) 
16 0.5 5.4 2.1 68 6 1 .55 53.42.36.24 p 13 .5 15.24.31.41.53.55.64.120. 160 p 6.3 0.5 (:-) 
17 42.3 X. l 0 .1 ;\I I A 13.5 15 .24.3 1.41.53.64.120. 160 p 1.1 115.6 i+) 
IX 55 . 1 0.4 2.3 68 61.55'53.42.36.24 p 13 .5 15.24.31.41.53.55.64.120. 160 p 6.3 0.4 H? ----
19 45 .6 2.9 0.2 "'A 13.5 15.24.3 1.41.53.55.64. 120. 160 p 0.4 909.5 (+) 
20 12.2 6.2 0.1 :--J ' A 1.1 15.24.vfJ I . vf4 1. vf53.vf55.rt 6 p 0 . 1 0.5 (:) ? ---
2 1 42.2 2.7 0.2 NA 13.5 15.2-U 1.4 1.53.64. 120.1 60 p 0 .9 727.4 (+ ) 
22 41.5 7.2 0. 1 N/A 13.5 15.24,3 1.41 .53.55 .64. 120. 160 p 6.3 774.8 (+ ) 
23 46 X. l 2. 1 68 61 .55 53.42.:'2.24 p 0.2 ;\lot done 6.3 255.7 (+) 
24 0.5 0.5 0.2 NA 0 .1 Not done 0.4 0.3 (-) 
25 50. 1 X.5 0 .2 "'A 13 .5 15.24.31 .41 .53.55.64. 120.160 p 0.9 638.4 (+) 



Results 

a Values indicate 'signal-to-cut-off(S/Co) ratios. provided by the panel supplier (881) using the 
indicated commercial EIA kits. Org. Tek .. Organon Teknika. S/Co values ;:: 1.0 arc considered as 
positive. 
b and' result of I-ITL V and 1-JJV Westcm blot, respectively. provided by the panel supplier (881). 'P' 
and '-' indicate the presence and absence, respectively, of antigen bands in the blot assays. 
d Values indicate 'signal-to-cut-off ratios obtained using the in-house H8sAg TRF immunoassay. The 
results using the in-house assay arc indicated in parentheses. Samples with S/Co values < 1.0 arc 
designated as negative(-) and those with values 0': 1.0 arc designated as positive(+). 'NO' indicates 
'not determined' due to lack of samples. '?' indicates negative result with H8sAg positive samples in 
in-house immunoassay 
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4.5.6. Conclusion 

• Monoclonal antibodies 5S and 21 B, specific for HBsAg, were purified using 

respective hybridoma clones already prepared in our lab. 

• Purified MAb 21 B was chemically biotinylated, immobilized on streptavidin-

coated wells and was used to capture HBsAg in human serum samples. Bound 

HBsAg was detected using 5S F(ab)2 coated on europium(III) nanoparticles. 

• To establish the specificity of HBsAg TRF immunoassay more than 50 HBV 

negative human serum samples were evaluated. Results demonstrated that in-

house immunoassay did not exhibit any false positivity with nom1al human 

serum samples. 

• The assay was further evaluated by an in-house Finnish human serum panel 

and a commercially available and well-characterized serum panel from Boston 

Biomedica Inc. A total of 44 HBV positive samples were tested, out of which 

one sample was on borderline and 4 samples remained undetectable with our 

in-house assay. 

• In HBsAg TRF immunoassay, the lowest detectable concentration of r-HBsAg 

was 0.02 ng/ml. 

• The sensitivity and specificity of HBsAg TRF immunoassay were calculated 

to be 91.6% and I 00%, respectively. 
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4.6. HIV, HCV and HBV multiplexed TRF immunoassay 

Individual in-house r-Bio-H!V-MEP based-, r-Bio-HCV-MEP based- and HBsAg -

TRF immunoassays were combined to develop an HIV, HCV and HBV multiplexed 

TRF immunoassay for the simultaneous detection of one or more of the following 

analytcs in human serum samples from the same well - anti -HIV antibody, anti-HCV 

antibody and HBsAg. The multiplexed assay was evaluated with BBI viral co-

infection performance panel. The overview of the experimental section is shown in 

Figure 4.32. 

Development of 
aTRF 

immunoassay for 
the detection of 

anti-HIV 
antibodies 

Development of 
aTRF 

immunoassay for 
the detection of 

anti-HCV 
antibodies 

Development of 
HIV,HCVand 

HBVTRF 
multiplex 

immunoassay 

Development of 
aTRF 

immunoassay for 
the detection of 

HBsAg 

Figure 4.32. Overview of experimental section ji1r 11/V, IJCV am/ IJBV multiplexed TRF 
immunoas.my 

4.6.1. Design of HIV, HCV and HBV multiplexed TRF immunoassay 

A major and central objective of multiplexing was the combination of already 

developed and validated TRF immunoassay concepts for HTV, HCV and HBV into a 

single test compartment in order to capture all the three analyles (anti-HIV antibody, 

anti-HCV antibody and HBsAg) from the sera samples, simultaneously. In the 

multiplexed assay r-Bio-HIV-MEP, r-Bio-HCV-MEP and Bio-MAb 218 (50 ng/well 

each) were used as capture on streplavidin coated plate and europium(III) chelate 

labeled anti-human antibody (50 ng/wcll) and 5S F(ab)2 coated onto europium 

nanoparticlcs (I Ox nanoparlicles/wcll) were used as tracer. Anli-H IV antibody, if 

present, in the human serum was captured in between r-Bio-HIV-MEP and 

europium( III) chelate labeled anti-human antibody. Anti-HCV antibody, if present, in 

the human serum was captured in between r-Bio-HCV-MEP and curopium(III) 

113 



Results 

chelate labeled anti-human antibody. The HBsAg, if present, in the human serum was 

captured in between biotinylatcd MAb 21 B and SS F(ab)2 fragments coated onto the 

curopium(!Il) nanoparticlcs. Europium signals were measured from dry wells using 

time-resolved fluorometry. Format of the assay is represented in Figure 4.33A. The 

presence of europium signals indicated the presence of one or more of the following 

analytcs: Anti-H!V antibody, Anti-HCV antibody and HBsAg. 

4.6.2. Evaluation of HIV, HCV and HBV multiplexed TRF immunoassay 

More than 50 norma! human sera were tested to evaluate the specificity of the 

multiplexed assay and no false positive results were obtained. To designate sera as 

either positive or negative, a stringent cut-off value of 7500 counts/sec was used, 

which was obtained by adding three times the standard deviation to the mean of 

negative sera [Leland, 2000]. Sera with a 'signal to cut-off (S/Co) ratio <1.0 were 

designated as Negative(-) while those with S/Co ~ 1.0 were designated as Positive 

( + ). The performance of multiplexed assay was first evaluated with serum samples 

obtained by artificial mixing of H!V-, HCV-, and HBV-infectcd individual human 

sera in all possible combinations (Figure 4.338) and then with BBI viral co-infection 

panel PCA 20 I (Table 4.1 0). TRF multiplexed assay did not show any false positive 

or false negative results. The lone exception was provided by one sample 

(PCA20 I #20), which was characterized by commercial assays as borderline sample 

for H!V and positive for HBsAg. This sample was also not detected with individual r-

HIV-MEP based TRF immunoassay and HBsAg TRF immunoassay. All the samples 

that were positive by individual in-house immunoassays (r-H!V-MEP based TRF 

immunoassay, r-Bio-HCV-MEP based TRF immunoassay and HBsAg TRF 

immunoassay) were detected by the multiplexed assay also. The results suggested that 

the objective of multiplexing was achieved successfully. 
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HCV ----53690 
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HIV+HCV 
------- --- 125948 

HIV+HBV -----·==:::::J 120188 
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Figure 4.33. HI V, HCV and HB V multiplex ed TRF immunoassay (AJ Diagrammatic represenration 
ulfl/V. I!CVand H8V multiplexed TRF immunoassar Formal. 8io-MAb 218. r-8iu- III V-MEP and r-
Bio-!-!CV-A1EP immohi/i:ed on strepta1·idin coated plate. Step- /. addition a/human serum conloining 
one or more o/thefol/(ming analrtes: HBsAg. anti- /! IV anrihod1•. anti-/ JCV anti hod\'. Step-2, addilion 
a/ 5S F(ah):. coated europium( II/) nanoparticle and europium(! !I) chelate laheled anti-human anti hod\' 
and detection hr time-resolved/luoromelry (8) I !istogram sho~t •ing europium signals (CPS) obwined 
ji'Oin diff'erenl anall'tes in !!IV. 1-JCV and 1/BV multiplexed TRF !mmunoassm·. Diff'erent colours 
represent signals ohtained.fi·om di//erenl anah·tes: red. anti-1-f!l ' antihod1·: hlue. mtli-!JCV antihodl': 
green. I !BsAg 
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Table 4.1 0. Evaluation of H IV, HCV and HBV multiplexed TRF immunoassay using Viral Co-infection Performance Panel (PCA 101 , 
Boston Biomedica Inc.) 

PCA 201 Abbull Orj!. Abbott Abbott Ortho IIIV, IICV and 

Member EIA Tek. Anti- Genetic systems IITL V Blots Result• Anti- Dupont IllY Western Blots Result' anti- HRV TRF 
Anti multiplex 10# IIBsAg• HBc" IITLV" lilY I" IICV' immunoassay" 

2 MAbs 1 Ag I nactivatcd 2Ag 3 Ag This study 
+I PAb virus 2A +2 MAbs 

01 53.4 9.0 2.1 68 61.55 53.42.36.29.24 p 0.2 :-Jot done 6.3 23.5 {+) 
02 5 1.6 R.X 0.1 NA 13.5 15.24.3 1.4 1 .53.55.64. 120.160 p 0.7 38.7 (+) 

1 
03 49.3 8.7 2. 1 68/6 1.55/53,42.36.29.24 p 0. 1 :-Jot do ne 6.3 17.6 +) 
04 26.4 7.7 2. 1 68 6 1.55/53.42.36.34.29.2-+. 19 p 0. 1 Not done 0.4 l\D 
05 0.4 7.4 2. 1 68 /6 1.55/53.46.36.34 .29.2 -+ . 19 p 13.5 I 5.24.31.4 1.53.55.64. 120.160 p 6.3 12.8 +) 
06 0.5 0.5 0.1 N 1A 0. 1 • ot done 0.5 :\'0 
07 0.7 0.2 2.1 68'6 1 ,55 '53,42,36.24 p 13.5 15.24.3 1.41 ,53.55.64.120.160 p 6.3 _!.~J+) 
OR 38.9 57.9 0. 1 N /A 13.5 15.24.3 1.4 1.53,55,64. 120. 160 p 2. 1 39.9 (+) 
09 1.0 0.6 2.1 68 61.55 53.42.36.29.24 p 13.5 15.2-+.3 1.41.53.55.64.120.160 p 2.2 9.3 +) 
10 -+2.8 7.X 0. 1 NA 13.5 15.24.3 1.4 1.53.55 .64. 120. 160 p 0.2 44 .7 (+) 
I I 48.6 8.5 2.1 68 61,55 '53.42.36.29.24.19 p 0. 1 :-Jo t do ne 6.3 5.9 + 
12 3S.7 8.5 0.2 :--.1 /A 13.5 15.24,3 1.4 1.53.55.64.1 20. 160 p 6.3 24.2 (+J 
13 33 .63 9.2 0. 1 :--.1 /A 13.5 15.24.3 1.4 1 .53.55.64. 120. 160 p 0.7 30.9 (+) 
14 51.!1 8.2 2. 1 68 61.55 53.42.36.29.24.19 p 0.32 . ot done 0.5 31.1 (+) 
15 64.5 2. 1 1.6 . 55 53,42.36.29.24 p 0.2 Not done 6.3 23 .5 (+) 
16 0.5 5.4 2. 1 68 '6 1.55/53.42.36.24 p 13.5 15.24.3 1.4 1.53.55.64. 120. 160 p 6.3 13.1 (.+) 
17 42.3 8. 1 0. 1 :-.I I A 13.5 15.24,3 1.4 1 .53.64. 120. 160 p 1.1 32.4 (+) 
18 55. 1 0.4 2.3 68 /6 1 .55153.42.36.24 p 13.5 15.24.3 1.4 1.53.55.64. 120.160 p 6.3 t:p ~+) ... 
19 45.6 2.9 0.2 A 13.5 15.24.3 1.4 1 .53.55.64.120.160 p 0.4 31.2 (+) 
20 12.2 6.2 0.1 N/A 1.1 15.24.vfJ I. vf41 . vf53.v f55.fl6 p 0. 1 0.3 <.:)? 
21 42 .2 2.7 0.2 NA 13.5 15.24.3 1 ,41.53.64. 120.160 p 0.9 28.7 (+) 

1 
22 4 1. 5 7.2 0. 1 N/A 13.5 15.24.3 1.41 .53.55,6-1. 120. 160 p 6.3 29.8 (+ ) 
23 46 8. 1 2. 1 68,'61.55 53,42.32,24 p 0.2 Not done 6.3 33.3 (+) 
24 0.5 0.5 0.2 NA 0. 1 Not done 0.4 0.7 (-) 
25 50.1 X.5 0.2 N/A 13.5 15.24.3 1.4 1.53.55.64. 120, 160 p 0.9 35.1 (+) 



Results 

" Values indicate 'signal-to-cut-off(S/Co) ratios, provided by the panel supplier (881) using the 
indicated commercial EIA kits. Org. Tck., Organon Tcknika. S/Co values =:: 1.0 arc considered as 
positive. 
b and' result of IITLV and HIV Western blot, respectively, provided by the panel supplier (881). 'P' 
and '-' indicate the presence and absence, respectively, of antigen bands in the blot assays. 
d Values indicate 'signal-to-cut-off ratios obtained using the in-house IllY, IICV and H8V 
multiplexed TRF immunoassay. The results using the in-house assay arc indicated in parentheses. 
Samples with S/Co values < 1.0 arc designated as negative (-) and those with values =:: 1.0 arc 
designated as positive(+). 'NO' indicates 'not detennined' due to lack of samples. 
'1. indicates sample was not detected in in-house HIV, IICV and H8V multiplexed TRF immunoassay. 
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4.6.3. Conclusion 

• A prototype multiplexed TRF immunoassay was developed for HIV, HCV and 

HBV for the simultaneous detection of one or more of the following analytes 

in infected human serum samples: anti-HIV antibody, anti-HCV antibody and 

HBsAg. 

• In the multiplexed assay r-Bio-HIV-MEP, r-Bio-HCV-MEP and Bio-MAb 

21 8 were used as capture on streptavidin coated plate and europium chelate 

labeled anti-human antibody and SS F(ab)2 coated onto europium 

nanoparticles were used as tracer. 

• The assay was evaluated with BBI viral co-infection p~rformance panel. No 

false positive or false negative results were obtained except for PCA20 I #20, 

which was characterized as borderline sample for HIV and positive for HBsAg 

by commercial assays. This sample was also undetected with individual r-

HIV-MEP based TRF immunoassay and HBsAg TRF immunoassay. 

• All the samples that were positive by individual in-house immunoassays were 

detected by the multiplexed assay also. The results suggested that the objective 

of multiplexing was achieved successfully with excellent degrees of sensitivity 

and specificity. 
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5. Discussion 

In the present study, individual Time-resolved Fluorometric (TRF) immunoassays 

were developed for the detection of HIV, HCV, and HBV infections in human sera, 

and then they were combined to develop a multiplexed TRF immunoassay for the 

simultaneous detection of all three infections. The assays were optimized to high 

degrees of sensitivity and specificity. Our strategy was designed, based on the three 

rationales. 

Firstly, as commercially available diagnostic EIAs have used multiple peptides 

and/or proteins as diagnostic intermediates, the development of single recombinant 

Multi Epitope Proteins (MEPs) for the detection of HIV and HCV, by linking the 

immunodominant epitopes of these viruses, has completely obviated the need to 

express multiple proteins. 

Secondly, as passive coating of capture antigen on the solid surface exhibits 

several disadvantages [Schetters, 1999], the sensitivity and specificity of the assay 

were enhanced by immobilization of biotinylated MEPs and antibody on streptavidin 

coated plates. The high affinity binding surface of streptavidin coated plates have high 

functional capacity and stability [Huhtinen et al., 2004; Valimaa and Laurikainen, 

2006]. Moreover, the coating on streptavidin coated surfaces maintains the nature of 

antigenic determinants of biotinylated recombinant proteins [Schetters, 1999]. The 

interaction of biotin to avidin, or streptavidin, has been used widely in biochemistry 

and molecular biology. Key features of the interaction between biotin and avidin/ 

streptavidin are their extraordinarily high affinity for each other and their extremely 

slow dissociation rate (Choi-Rhee et al., 2004]. Routinely, the proteins have been in 

vitro biotinylated, whereby lysine residues of target proteins have been modified by 

chemical agents. By in vitro biotinylation of proteins, the degree of biotin labeling 

cannot be effectively controlled. Moreover the biotinylation may involve amino acids 

which are part of an important epitope, which may modify the nature of the epitope, 

thus reducing its delectability and decreasing the assay sensitivity [Smith et a\., 1998]. 

In the present study, the recombinant MEPs have been in vivo biotinylated, 

usmg cloning strategies in E. coli. A versatile plasmid expression system was 

designed, where biotinylation takes place with the help of BirA (biotin holoenzyme 
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synthetase), which covalently attaches biotin to the specific lysine residue of the BAP 

(biotin acceptor peptide), which is the minimal substrate for biotinylation by BirA 

[Smith et al., 1998; Tsao et al., 1996]. The genes encoding MEPs were cloned into 

this expression system and biotinylated MEPs and BirA were co expressed. This in 

vivo biotinylation strategy assured high efficiency of biotinylation of recombinant 

MEP at a single unique lysine residue in the BAP, which is a fusion partner of the 

biotinylated MEP but not part of any ofthe epitopes involved in antibody recognition. 

Hence, it proved to be an efficient, simple and a cost effective way over in vitro 

biotinylation strategies. This approach further increased sensitivity of the 

immunoassay, as enzymatic biotinylation at a unique position in every recombinant 

fusion protein ensured uniform biotinylation of every protein molecule, such that they 

will be oriented in the same fashion during immobilization on a streptavidin coated 

plate. A 6x-His tag was also incorporated in the design of expression vector, so that 

the biotinylated MEP can be purified by Ni-NT A affinity chromatography in a single 

step. The recombinant biotinylated MEP was expressed in E. coli, considering the 

cost perspective and ease of handling. 

Thirdly, the immunoassays for HIV and HCV were developed in an indirect 

format, where the biotinylated MEPs, immobilized on streptavidin coated plates, were 

used to capture the specific antibodies in the infected sera, and europium(III) chelate 

labeled anti-human antibody was used to monitor captured antibodies, through 

measurement of time-resolved fluorescence. An immunoassay, for the detection of 

HBsAg in human serum samples was developed in a sandwich format, where a 

biotinylated monoclonal antibody (MAb), immobilized on streptavidin coated plate 

was used to capture HBsAg in human sera, and F(ab)2 fragments of another MAb, 

coated onto europium(III) chelate doped polystyrene nanoparticles were used to 

monitor captured HBsAg through time-resolved fluorescence. I 07 nm polystyrene 

europium(!]]) nanoparticle, used as a label in this study, is doped with -30 000 

europium(III) chelates, which enhances the signals tremendously, thus enabling high 

sensitivity of the assay [Harm a et al., 200 I; Soukka et al., 200 I; Valanne et al., 2005]. 

The use of fluorescent europium( III) chelate and europium(III) nanoparticles enabled 

.easy measurement of fluorescence, directly from the dry wells of microliter plate, 

without addition of any substrate or stopping the reaction, contributing to the 
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simplicity and rapidity of the procedure. Well characterized serum panels were used 

to evaluate the optimized immunoassays. 

Our earlier work has established the utility of recom]Jinant MEPs in the 

detection of infections by different pathogens (Dengue and HCV) [AnandaRao et al., 

2005; AnandaRao et al., 2006; Chugh et al., 2006]. The .study on HIV diagnostics was 

based on the premise that the use of a single diagnostic intermediate, designed to have 

HIV-specific immunodominant epitopes from all known genotypes and expressed to 

high levels in an £. coli expression system, could effectively address the issues of cost 

and specificity associated with the currently available multiple antigen-based anti-

HIV diagnostic assays. To develop this single recombinant antigen, we focused on 

four proteins expressed by HIV, namely, p24 of HIV-1, gp41 of HIV-1 group M, 

gp41 ofHIV-1 group 0 and gp36 ofHIV-2 [Dom et al., 2000; Gupta and Chaudhary, 

2003; Janvier et al., 1996]. The ability of these proteins to elicit humoral immune 

response has been well documented and their antigenic determinants have been 

identified using a variety of different approaches [Cano et al., 2004; Lottersberger et 

al., 2004]. Using the available information, epitopes were selected from these 

antigens, for designing a synthetic MEP antigen as a single diagnostic intermediate 

for HIV. The choice of these epitopes was based on four criteria, namely, they had to 

be (i) immunodominant, (ii) specific to anti-HJV antibodies (iii) linear, and, (iv) 

phylogenetically conserved in most genotypes of HIV circulating in different parts of 

the world. These criteria were based on a number of considerations. 

Firstly, in order for a synthetic MEP to be capable of efficiently recognizing 

HIV specific antibodies, it is necessary that its constituent epitopes exhibit significant 

reactivity to HIV -infected patient sera worldwide. Secondly, since we wanted to usc 

E. coli-based over-expression, from the cost perspective, it was necessary to work 

with linear epitopes, so that when incorporated into the synthetic protein, they would 

presumably retain their immunoreactivity to multiple HIV types and groups. On the 

other hand, if conformational epitopes were to be used, it is highly unlikely that they 

would retain their conformational integrity upon expression in £. coli, compromising 

their immunoreactivity in the synthetic antigen (Chugh et al., 2006; Horal et al., 1991; 

Janvier et al., 1996]. The selected epitopes ranged in lengt.h from 28-51 amino acids 

residues. The four selected epitopes were linked by tetra glycyl flexible linkers, which 
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arc considered to be the preferred linkers while designing flexible chimeric proteins 

[Robinson and Sauer, 1998]. Analysis of the structure of the synthetic MEP by 

computer modeling showed that all the chosen epitopes appeared to be accessible for 

interaction with antibodies. This suggested that the four chosen epitopes would 

collectively contribute to the overall specificity and sensitivity of the single 

recombinant molecule, towards anti-HIV antibodies. 

The r-MEP was in vivo biotinylated and over-expressed m E. coli. The 

biotinylated (r-Bio-HIV-MEP) and non-biotinylatcd (r-HIV-MEP) antigens were 

purified under denaturing conditions as they were insoluble, despite their fusion to 

thioredoxin. Further, the efficacy of r-HIV -MEP, as a diagnostic intermediate, was 

evaluated in an in-house TRF immunoassay. In this assay, r-HIV-MEP, passively 

coated on microliter plate, was used to capture anti-HIV antibodies and commercially 

available HIV serum panels and normal human sera were used as test samples. Anti-

human antibody, labeled with europium(III) chelate, was then used as a tracer and the 

captured anti-HIV antibody was monitored through TRF. The results showed that our 

synthetic diagnostic intermediate could indeed recognize and bind to anti-HIV 

antibodies, elicited by both HIV-1 as well as HIV-2. However, it is to be noted, that 

the design of r-HIV -MEP precludes differentiation of HIV -1 from HJV -2. As HIV 

exhibits a distinct geographical distribution, a Worldwide HIV Performance Panel 

(WWRB 302) was used to evaluate if r-HJV -MEP could recognize the HIV infected 

sera from different parts of the world. Panel members included specimens 

characterized as HIV -1 Group M (subtypes A to G), HIV -1 Group 0 and HIV -2. Our 

results demonstrated that r-HIV -MEP was able to recognize antibodies to a diverse set 

of HIV infections from India and from other countries such as Argentina, China, 

Ghana, Ivory Coast, Mozambique, Spain, Thailand, Uganda, USA and Zimbabwe. 

The efficacy of r-Bio-HIV -MEP, as a diagnostic intermediate, was also 

evaluated in an in-house TRF immunoassay. In this assay, r-Bio-HIV-MEP 

immobilized on a streptavidin coated plate was used to capture anti-HIV antibodies, 

and a commercially available HIV serum panel, and normal human sera were used as 

test samples. Anti-human antibody, labeled with europium(IIl) chelate was then used 

as a tracer and the captured anti-HIV antibody was monitored through TRF. The 

sensitivity of the r-HIV-MEP and r-Bio-HIV-MEP in the immunoassays was 
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evaluated by using HIV -1 Seroconversion Panel (PRB 931 ), and the results were 

found to be in complete agreement with the best performing Abbott HIV 1/2 EIA kit, 

in the early diagnosis of anti-HIV antibodies in human sera. Our immunoassays were 

able to detect panel member #6 of HIV Seroconversion Panel (PRB 931 ), which 

showed immuno-reactivity with Abbott HIV 1/2 EIA kit only, and not with other EIA 

kits. r-Bio-HIV-MEP based TRF immunoassay showed slightly higher signal-to-cut-

off ratios than r-HIV-MEP based TRF immunoassay for the detection of members of 

seroconversion panel. The specificity of r-HIV-MEP in the TRF immunoassay, was 

evaluated by using Viral Co-infection Performance Panel (PCA 201 ). This single 

diagnostic intermediate performed as well as the other commercial anti-HIV kits from 

Abbott, Genetic Systems and Organon Teknika except for panel member# 20 of the 

Viral Co-infection Performance Panel, which was a borderline sample. The 

information regarding the subtype of this member was unavailable. Overall, the data 

attest to the utility of our designer antigen, in detecting HIV infection from diverse 

geographical locations, with high specificity and sensitivity. It was also useful in 

monitoring seroconversion. In conclusion, the high density of HIV -specific, 

phylogenetically conserved and immunodominant epitopes, selected for designing the 

r-HIV-MEP, contributed to high degrees of sensitivity and specificity. The high level 

of expression of r-HIV -MEP in £. coli, and its single step affinity purification design, 

make this approach highly cost effective for anti-HIV screening in blood banks, in 

most developing countries. The yield of purified r-HIV -MEP from one liter of 

induced culture is sufficient for ~40,000 assays [Talha et al., 201 0]. 

In a previous study from our laboratory, a single recombinant antigen, HCV 

multiepitope protein (HCV-F-MEP Vl) was designed for the detection of HCV 

infections and was evaluated as a diagnostic intermediate. Five conserved and 

immunodominant epitopes from the structural and non-structural proteins of HCV 

polyprotein, namely, Core (lb), Core (3g), NS3 (lb), NS4A (lb), NS 4B (lb) and 

NS5A (lb) were selected and linked with flexible linkers to form HCV-F-MEP Vl 

[Chugh et al., 2006]. To enhance the sensitivity of the immunoassay, HCV-F-MEP 

Vl was modified to develop HCV-MEP V2. For the design of HCV-MEP V2, 

additional epitopes from non-structural proteins of HCV, namely, NS4A (3a) and 

NS4A (2b) were incorporated. A longer region of NS3 (lb) of 266 amino acids 

(longer than the previous sequence of 48 amino acids in HCV-F-MEP VI), slightly 
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longer region of NS4B (I b) and NS5A (Ia) (HCV-F-MEP VI contained NS5A of 

subtype I b] were also incorporated. Incorporation of these epitopes exhibiting higher 

sensitivity was based on published literature [Duo et al., 2002; Park et al., 1995]. 

Core lb and 3g epitopes ofHCV-F-MEP VI had 89% similarity with each other, thus 

core 3g epitope was omitted in the design of HCV-MEP V2. Another reason .for the 

omission of core 3g epitope was to reduce the size of the antigen because expression 

of large protein in E. coli resulted into low level of expression [Samuel et al., 1988]. 

Finally, for the design of recombinant HCV -MEP V2 (r-HCV -MEP) seven conserved 

and immunodominant epitopcs from the non-structural [(NS3 (I b), NS4A (3a, 2b, 

!b), NS4B (I b) and NS5A (Ia)] and structural [Core (!b)] proteins were selected and 

linked with flexible tetra-glycyl linkers. The ability of these structural and non-

structural proteins to elicit humoral immune response has been well documented and 

their antigenic determinants have been identified using a variety of different 

approaches [Claeya et al., I 995; Goeser et al., 1994]. The choice of these epitopes 

was based on four criteria, namely, they had to be (i) immunodominant, (ii) specific to 

anti-HCV antibodies (iii) linear, and (iv) phylogenetically conserved in most 

genotypes of HCV circulating in different parts of the world [Khudyakova et al., 

1995; Sailberg et al., I 992]. These criteria were based on a number of rationales. 

Firstly, in order for synthetic multiepitope protein to be capable of efficiently 

recognizing HCV specific antibodies, it was necessary that its constituent epitopes 

exhibit significant reactivity to HCV infected patient sera worldwide. Secondly, it was 

necessary to consider linear and conserved epitopes, so that when expressed in E. coli, 

they would presumably retain their immunoreactivity to multiple HCV serotypes. 

Analysis of the structure of the synthetic MEP by computer modeling showed that all 

the chosen epitopes appeared to be accessible for interaction with antibodies. This 

suggested that the seven chosen epitopes would collectively contribute to the overall 

specificity and sensitivity of the single recombinant molecule towards anti-HCV 

antibodies. 

The recombinant antigen was in vivo biotinylated and over-expressed in E. 

coli. The biotinylated antigen (r-Bio-HCV-MEP) was purified under denaturing 

condition as it was insoluble, despite its fusion to thioredoxin. Further, the efficacy of 

r-Bio-HCV -MEP, as a diagnostic intermediate, was evaluated in an in-house TRF 
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immunoassay. In this assay, r-Bio-HCV -MEP, immobilized on a streptavidin coated 

plate, was used to capture anti-HCV antibodies and commercially available HCV 

serum panels and normal human sera were used as test samples. Anti-human 

antibody, labeled with europium(III) chelate, was then used as a tracer and captured 

anti-HCV antibody was monitored through TRF. The results showed that our 

synthetic diagnostic intermediate could indeed recognize and bind to anti-HCV 

antibodies. This protein did not exhibit any reactivity with normal human sera. We 

proceeded to evaluate its potential utility as an anti-HCV diagnostic intermediate, 

with several well-characterized HCV panels from Boston Biomedica, USA. As HCV 

exhibits a distinct geographical distribution, a Worldwide HCV Performance Panel 

was used to evaluate ifr-Bio-HCV-MEP could recognize the HCV infected sera from 

different parts of the world. The Boston Biomedica panel WWHV 301 was used for 

this purpose. Panel members included specimens characterized as HCV types I, 2, 3, 

and 4 and also samples that were un-typable as well as non-consensus specimens. Our 

results demonstrated that r-Bio-HCV -MEP was able to recognize antibodies to a 

diverse set of HCV from several countries such as Argentina, Uganda, Ghana, China, 

Egypt and USA. 

The sensitivity of r-Bio-HCV-MEP in the TRF immunoassay was evaluated 

by using HCV Seroconversion Panel (PHV 90 I), and the results were found to be in 

complete agreement with both the commercial EIA kits from Abbott and Ortho, in the 

early diagnosis of anti-HCV antibodies in human sera. The earliest time point at 

which seroconversion was detected in this panel was represented by panel member 

#3. It was found that both the commercial kits tested, Abbott HCV 2.0 EIA and Ortho 

HCV 2.0 EIA, and our in-house assay, picked this member from PHV 90 I, but the 

signal-to-cut-off ratios obtained with the in-house assay were higher than the 

commercially available kits tested. On the other hand, the specificity of r-Bio-HCV-

MEP in the TRF immunoassay was evaluated by using Viral Co-infection 

Performance Panel (PCA 20 I). Significantly, regardless of the presence or absence of 

antibodies to HBV, HIV or HTLV, the results of the in-house immunoassay for HCV 

antibodies closely matched the results obtained with the commercial assays. Overall, 

the data showed that the performance of our single r-Bio-HCV-MEP-based TRF 

immunoassay was in total agreement with the commercially available multi antigen 

based anti-HCV EIA kits, namely, Abbott HCV 2.0, Abbott HCV 3.0 and Ortho HCV 
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3.0. In conclusion, the high density of HCV specific, phylogcnetically conserved and 

immunodominant epitopcs, selected for designing the r-Bio-HCV-MEP, contributed 

to high degrees of sensitivity and specificity. The high level of expression and in vivo 

biotinylation of r-Bio-HCV-MEP protein in E. coli, and its single step affinity 

purification design, makes this approach highly cost effective for anti-HCV screening 

in blood banks in most developing countries. The yield of purified r-Bio-HCV -MEP 

from one liter of induced culture is sufficient for -300,000 assays. 

A TRF immunoassay, for the detection of HBsAg in human serum samples 

was developed utilizing the hybridoma clones available in our laboratory, producing 

monoclonal antibodies (MAbs) 21 B and 5S specific for HBsAg. In this assay, 

biotinylated MAb 21 B, immobilized on streptavidin coated plate, was used to capture 

HBsAg, and in-house and commercially available serum panels were used as test 

samples. Further, SS F(abh coated on curopium(III) nanoparticles was used as tracer 

to detect the bound HBsAg on MAb 21 8 and europium fluorescence was measured 

by time-resolved fluorometry directly from dry wells of microliter plate. It has been 

shown, that removal of the Fe region of the mouse IgG and using only the F(ab)2 

fragment, resulted in lower background in TRF immunoassay [Vaisancn et al., 2006]. 

We proceeded to evaluate the potential utility of HBsAg TRF immunoassay with in-

house serum panel and well-characterized Viral Co-infection Performance Panel from 

BBl. The in-house assay did not show any false positive results which indicated that 

the assay was highly specific. Performance of the in-house assay was further 

evaluated by analyzing a dilution series of r-HBsAg and it was found that sensitivity 

of the in-house assay for the detection of r-HBsAg was 0.02 ng/ml, which was several 

folds higher as compared to the commercially available HBsAg EIA kits [Kuhns and 

Busch, 2006]. The signal-to-cut-off ratios obtained with the in-house assay were 

several folds higher than the commercially available kits tested for the detection of 

HBsAg positive samples. There was some discrepancy in the detection of HBsAg in a 

few samples, in the in-house assay as compared to commercially available HBsAg 

EIA kits. The most probable reason for this can be the inadequate recognition of the 

monoclonal antibodies used in this assay, to all HBsAg subtypes. This may be 

resolved by the usc of one or more additional monoclonal antibodies as capture and/or 

tracer or the usc of polyclonal antibodies, specific for HBsAg, as tracer. 

126 



Discussion 

The saturating amount of both r-Bio-HIV -MEP and r-Bio-HCV -MEP antigens 

immobilized on a streptavidin coated plate was I 00 ng/well, when low binding 

capacity streptavidin plates were used; while the saturating amount of both r-HIV-

MEP and r-HCV -MEP antigens in passively coated maxisorp plate was 500 ng/well. 

The data suggested that the use of streptavidin coated plate also reduced the amount 

ofrecombinant antigens required, apart from other advantages [Nakanishi et al., 2008; 

Schetters, 1999; Valimaa et al., 2003]. When high binding capacity, Nunc 

immobilizer streptavidin plate, was used, for the immobilization of biotinylated 

antigen, the best signal-to-background ratios were obtained with 25 ng/well of 

biotinylated antigen, whereas the non-biotinylated antigen required in passive coating 

was 250 ng/well to achieve the same signal-to-background ratios (unpublished data 

from our laboratory). 

In-house individual TRF immunoassays, for the detection of HIV, HCV and 

HBV infections, were combined to develop a multiplexed TRF immunoassay, for the 

simultaneous detection of one or more of the following analytes in infected human 

serum samples: anti-HIV antibody, anti-HCV antibody and HBsAg. In the 

multiplexed assay r-Bio-HIV-MEP, r-Bio-HCV-MEP and Bio-MAb 218 were used as 

capture on streptavidin coated plate, and europium(III) chelate labeled anti-human 

antibody and 5S F(ab)2 coated onto europium(Ill) nanoparticles, were used as tracer. 

The assay was evaluated with BBI Viral Co-infection Performance Panel. All the 

samples that were positive by individual in-house immunoassays were detected by the 

multiplexed assay as well; this suggests that the objective of multiplexing was 

achieved successfully with high degrees of sensitivity and specificity. This ts a 

prototype multiplexed TRF immunoassay, and needs to be corroborated with larger 

number of HIV, HCY and/or HBV infected serum samples, as well as the serum 

samples infected with auto-immune diseases, other co-infections, and pregnancy 

samples. The TRF multiplexed immunoassay allows the simultaneous detection of 

three analytes from a single human serum sample, saving time and resources in a 

blood bank setting, where blood is screened for several transfusion-transmissible 

diseases. The current assay has the potential for multiplexing the detection of other 

infectious diseases e.g. syphilis, malaria and dengue. Though, currently, the assay is 

time consuming but it can be adapted to a rapid test format. 
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6. Summary 

• A novel recombinant multiepitope diagnostic inte1mediate, r-HIV-MEP was designed 

by linking four virus specific, immuno-dominant, linear and phylogenetically 

conserved epitopes from core and envelope proteins ofHIV. 

• The synthetic gene encoding r-1-l!V -MEP was in vivo biotinylated usmg cloning 

strategies in E. coli. Non-biotinylated (r-HIV -MEP) as well as in vivo biotinylated (r-

Bio-HJV -MEP) antigens were purified to homogeneity using Ni-NT A affinity 

chromatography. 

• In-house TRF immunoassays were developed based on r-HIV-MEP and r-Bio-HIV-

MEP as single diagnostic intennediates for the detection of anti-HIV antibodies in 

infected human serum samples. The assays were evaluated using commercially 

available and well-characterized serum panels from Boston Biomedica Inc (881). 

• r-1-liV-MEP based TRF immunoassay detected HIV infection from diverse 

geographical locations, with high specificity and sensitivity. It was also useful in 

monitoring seroconversion. The use of fluorescent europium(JJI) chelate labeled 

antibody as tracer further simplified the immunoassay by easy measurement of time-

resolved fluorescence directly from the dry wells of microtiter plate without addition 

of substrate and stopping the reaction. 

• A novel recombinant multiepitope diagnostic intennediate 1-lCV-MEP V2 (r-HCV-

MEP), was designed by modifying previous construct HCV-F-MEP VI, by linking 

additional virus specific, immuno-dominant, linear and phylogenetically conserved 

epitopes from the non-structural and structural proteins of !-ICY. 

• The synthetic gene encoding r-HCV-MEP was in vivo biotinylated using cloning 

strategies in E. coli. The in vivo biotinylated (r-Bio-HCV -MEP) antigen was purified 

to homogeneity using Ni-NTA affinity chromatography. 

• An in-house TRF immunoassay was developed based on r-Bio-HCV-MEP as single 

diagnostic intem1ediate for the detection of anti-HCV antibodies in infected human 

serum samples. The assay was evaluated using commercially available and well-

characterized serum panels from BBl. 

• r-Bio-HCV -MEP based TRF immunoassay detected HCV infection from diverse 

geographical locations, with high specificity and sensitivity. It was also useful in 

monitoring seroconversion. The use of fluorescent europium(IJI) chelate labeled 
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antibody as tracer further simplified the immunoassay by easy measurement of time-

resolved fluorescence directly from the d1y wells of microtiter plate. 

• Monoclonal antibodies (MAbs) 21 B and 5S (from hybridoma clones available in our 

laboratory) specific for HBsAg were purified to homogeneity. An in-house HBsAg 

TRF immunoassay was developed using the two purified MAbs. Purified chemically 

biotinylated-MAb 21 B immobilized on streptavidin-coated wells was used to capture 

HBsAg in human serum samples. Bound HBsAg were detected using 5S F(ab)2 

fragments coated on europium nanoparticles. Time-resolved fluorescence of 

europium was measured directly from dry wells ofmicrotiter plate. 

• The HBsAg TRF immunoassay was evaluated by an in-house Finnish human serum 

panel and a commercially available and well-characterized serum panel from BBl. 

The immunoassay detected HBV infection with high specificity. With the in-house 

assay, out of the total 44 HBsAg-seropositive serum samples tested, one sample was 

found to be on the borderline and 4 samples remained undetected. 

• Individual TRF immunoassays developed, based on r-Bio-HIV-MEP and r-Bio-HCV-

MEP and HBsAg TRF immunoassays were combined to develop an HIV, HCV and 

HBV multiplexed TRF immunoassay for the simultaneous detection of one or more of 

the following analytes in human serum samples from the same well - anti-HJV 

antibody, anti-HCV antibody and HBsAg. The multiplexed assay was evaluated with 

commercially available and well-characterized viral co-infection performance panel 

from BBl. 

• The multiplexed TRF immunoassay detected co-infections from diverse geographical 

locations with high specificity and sensitivity except one serum sample (PCA 201 

#20) which was characterized as a borderline case for HlV and positive for HBsAg by 

commercial assays. The sample also remained undetected with individual in-house 

TRF immunoassays developed for anti-HlV antibodies and HBsAg. 

• The objective of multiplexing was successful as all the samples that were positive by 

individual in-house TRF immunoassays were also detected by the TRF multiplexed 

assay. 

• The 'know-how' of the design and production of the novel r-HlV-MEP has been 

transferred to a leading diagnostics manufacturing company in India. 
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In the present study, a prototype multiplexed TRF immunoassay for the detection of 

HIV, HCV and HBV infections was developed. Analyte specific biotinylated reagents 

were mixed and immobilized randomly on streptavidin coated microtitration wells. 

The presence of one, or more than one, analytes can be detected, but the origin of the 

response cannot be identified. In future, a rapid test can be developed in a lateral or 

vertical flow format, in which the analyte specific reagents can be immobilized as 

separated test lines on a nitrocellulose strip, followed by, step-!, addition of human 

serum and, step-2, addition of 5S F(ab )2 coated europium(III) nanoparticle and 

europium(III) chelate labeled anti-human antibody and detection by time-resolved 

fluorometry. The analytes can be identified, based on the presence of bands at their 

respective capture zones (Figure 7.1 ). Another approach can be to immobilize analyte 

specific reagents on certain localized areas of microtitration well bottom (spotted 

wells) followed by, step-! and step-2, as mentioned above. From the measured signal 

pattern, the analyte can be identified, based on the location of signal. This will require 

multiple readouts (scanning) from each well (Figure 7.2). 

Diluted Human 
Serum sample 

All 
neg 

HIV 
pos 

HCV HBV HIV, HIV, 
pos pos HCV HBV 

pos pos 

HCV, HIV, Result 
HBV HCV, invalid 
pos HBV 

pos 

Figure 7.1. Hypothetical representation of HIV, HCV and HBV multiplexed TRF lateral flow 
immunoassay format. In the lateral .flow immunoassay. different capture reagents. r-/-1/V-MEP. r-
/-ICV-MEP and MAb 218 are immobilized on nitrocellulose strip as sharp lines and are shown in 
figure as HIV, HCV and HBV test lines. respectively. Control line-/ represents a positive control for 
HBV and controlline-2 represents a positive control for /-1/V and /-ICV. Red lines represent anti-HIV 
antibody. blue lines represent anti-HCV antibody and green lines represent HBsAg. in human sera. 
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All negative HIV positive 

HCV positive HBV positive 

HIV, HCV positive HIV, HBV positive 

HIV, HCV, HBV positive Result Invalid 

Figure 7.2. Hypothetical representation of HIV, HCV ami HBV multiplexed TRF .\pot immunoassay 
format. In the spot immunoassay. different capture reagents. r-Bio-1//V-MEP. r-Bio-J-JCV-MEP and 
Bio-MAb 21 Bare immobilized on streptavidin coated spots and are shown in(igure as I-I IV. I-ICV and 
IJBV. respectivelv. '+·represents a positive controls ./iJr HIV and I-ICV, '++'represents a positive 
control for J-/BV and '-'represents a negative control. Red spots represent anti-I-IIV antibody. blue 
spots represent anti-HCV antibody and green spots represent J-/BsAg. in human sera. 
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A novel recombinant multiepitope protein (MEP) has been designed that consists of four linear, immuno-
dominant, and phylogenetically conserved epitopes, taken from human immunodeficiency virus (HIV)-encoded 
antigens that are used in many third-generation immunoassay kits. This HIV-MEP has been evaluated for its 
diagnostic potential in the detection of anti-HIV antibodies in human sera. A synthetic MEP gene encoding 
these epitopes, joined by flexible peptide linkers in a single open reading frame, was designed and overex-
pressed in Escherichia coli. The recombinant HIV-MEP was purified using a single affinity step, yielding >20 
mg pure protein/liter culture, and used as the coating antigen in an in-house immunoassay. Bound anti-HIV 
antibodies were detected by highly sensitive time-resolved fluorometry, using europium(III) chelate-labeled 
anti-human antibody. The sensitivity and specificity of the HIV-MEP were evaluated using Boston Biomedica 
worldwide HIV performance, HIV seroconversion, and viral coinfection panels and were found to be compa-
rable with those of commercially available anti-HIV enzyme immunoassay (EIA) kits. The careful choice of 
epitopes, high epitope density, and an E. coli-based expression system, coupled with a simple purification 
protocol and the use of europium(III) chelate-labeled tracer, provide the capability for the development of an 
inexpensive diagnostic test with high degrees of sensitivity and specificity. 

Human immunodeficiency virus (HIV) is a lentivirus of the 
family Retroviridae, whose members characteristically have an 
RNA genome within a capsid and a lipid envelope. HIV in-
fection induces a profound immune dysfunction, with abnor-
malities in every arm of the immune system, resulting in AIDS 
(5). In 2007, there were 2.7 million new HIV infections and 2 
million HIV-related deaths. Globally, there were an estimated 
33 million people living with HIV in 2007. India is one of the 
largest and most populated countries in the world, with a 
population of over 1 billion. Of this number, it is estimated that 
around 2.4 million Indians were living with HJV in 2007 (26). 
The genes of HIV are located in the central region of the 
proviral DNA and encode at least nine proteins. These pro-
teins are divided into three classes: the major structural pro-
teins (Gag, Pol, and Env), the regulatory proteins (Tat and 
Rev), and the accessory proteins (Vpu, Vpr, Vif, and Nef) (J 1 ). 
The gag gene of HIV type 1 (HIV -1) encodes a polyprotein 
precursor, p55, which is cleaved by the virus-encoded protease 
into three proteins, p24, p17, and piS. Linear B-cell epitopes 
have already been identified within p24 (14). The antigen p24 
is of special significance because of its ability to be expressed 
first in body fluids after HJV-1 infection. The linear immuno-
dominant cpitope of p24 serves as an important diagnostic 
intermediate to detect antibodies to HJV-1 in human sera (23). 
The envelope glycoproteins (gp), gp41 of HJV-1 and gp36 of 
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the closely related HIV-2, are highly immunogenic and arc 
important diagnostic intermediates for the detection of anti-
bodies to these viruses in human sera (17, 24). HIV-1 com-
prises three lineages, denoted M, N, and 0 (22). HIV-2 and 
divergent forms have been detected in West African or West 
Africa-related patients with AIDS (7-9). Several enzyme im-
munoassay (EJA)-based diagnostic kits arc available on the 
market for the detection of antibodies to HIV in human sera. 
These anti-HJV EIA kits use synthetic peptides and/or recom-
binant proteins mainly from the envelope gp of HIV-1 group 
M, HJV-1 group 0, and HJV-2. The fourth-generation kits also 
have antibodies to p24 antigen. The requirement of multiple 
pcptides and/or f!lultiple recombinant proteins for reliable di-
agnosis of HIV infections adds to the cost of these EIA kits. 
The high cost of anti-HIV EJA kits becomes prohibitive for 
routine use in many developing countries, precluding early 
detection and prevention of new infections (18, 25, 27). We 
have designed a single recombinant multiepitope protein 
(MEP) antigen, consisting of several immunodominant, linear, 
and conserved virus-specific cpitopes from structural proteins 
of HJV-1 and HIV-2. DNAs encoding these epitopcs have 
been assembled in tandem in a single open reading frame, with 
intervening sequences encoding flexible linkers, and expressed 
in Escherichia coli. A polyhistidinc tag has also been included 
which allows for facile purification of recombinant MEP by 
Ni-NTA chromatography. The purified protein has been used 
as the coating antigen for developing an anti-HJV indirect 
immunoassay. We have evaluated the performance of this as-
say with that of other multiple-antigen-based immunoassay kits 
currently available on the market, using well-characterized 
commercially available serum panels. 
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MATERIALS AND METHODS 

Materials. E coli host strains DH5o: and BL21 (DE3) were purchased from 
Invitrogen Life Technologies. Carlsbad. CA. Plasmid vector pET-32a( +) was 
obtained from Nova gen. Madison. WI. llte synthetic gene. codon optimized for 
E coli expression. encoding the recombinant I·IIY-MEP (r-HIY-MEP) was cus-
tom synthesized by Gencart. Regensburg. Germany. Restriction endonucleases, 
calf intestine alkaline phosphatase. and T4 DNA ligase used in all routine 
cloning and transformation experiments were procured from MBI Fermentas. 
Burlington. Canada. Taq polymerase for PCR screening was an in-house prep-
aration. Ni-NTA super flow resin was purchased from Oiagen. Maryland. Goat 
anti-human lgG was purchased from Pierce. Rockford. IL. lsopropyl-l\-D-thio-
galactopyranoside (IPTG) was procured from Calbiochem-EMD Bioscicnccs. La 
Jolla. CA. Well-characterized international serum panels were purchased from 
Boston Biomedica Inc. (BBI). now SeraCare Life Sciences Inc .. Milford. MA. 
The BBI panels were the worldwide HIV performance panel (WWRB 302-01 to 
WWRB 302-30). HIV seroconversion panel (PRB 931-01 to PRB 931-09). and 
viral coinfcction panel (PCA 201-01 to PCA 201-25). The europium(lll) chelate. 
{2.2'.2".2"'-{12-(4-isothiocyanatophenyl) ethyliminoJ his (methylene )his { 4-(J4-
( n -gal act opyranox-y )phcnylJ et hynyl} pyridinc-6,2 -diyl} his (met hylcne-nit rilo)} 
tctrakis(acctato)} europium(lll), was S)1lthcsized in the Department of Biotech-
nology. Turku University. Turku, Finland. This is referred to in this paper as 
Eu'' -9d-chelate. The computer modeling of r-HIY-MEP was done using online 
software available at http://www.sbg.bio.ic.ac.uk/-3dpssm. 

Cloning of synthetic r-HIV-MEP gene. A S)1tthetic gene (054 kb) encoding the 
r-HJY-MEP antigen. codon optimized for ex'Jlression in L. coli (21). was custom 
syrllhcsized as a BamHl!Hindlll fragment in the Gcneart vector pPCRscript. Re-
gions of very high (>80%) or very low ( <30%) GC content. internal TATA boxes. 
chi-site stretches. internal ribosomal cntl)' sites. AT-rich or GC-rich sequence 
stretches. repeat sequences. and RNA secondary strncturcs were avoided where 
possible. lltc lengths of indi,;dual epitopes varied from 28 to 51 amino acid (aa) 
residues. and the adjacent cpitopes were joined together by flexible tetraglycyl 
(Gly-Giy-Gly-Gly) linkers (20). lltc r-1//V-MU' gene was inserted into the ex'Pres-
sion vector pET-32a( + ). in frame with the vector-encoded thioredoxin gene and 
six-His tag-encoding sequence, under the control of the tightly regulated T7 pro-
moter. lltis expression vector was transformed into lo. coli strain BL21(DE3). 

Expression and purification of r-HJV-MEP. Transfom1ants harboring the r-
I·IIV-MEP plasmid were CX'Jlression screened to choose a clone that ex'Jlresscd 
r-HIV-MEP maximally. A~ the r-HIV-MEP antigen is ex'Pres.<;ed as a thioredoxin 
fusion. the predicted size of the induced protein is -41 kDa (data not shO\m). A 
localization CX'Jleriment performed "ith this clone showed that the r-1-!JY-MEP 
antigen was locali7.ed predominantly '~th the insoluble fraction of the lysate. For 
purification of the recombinant antigen. a 1-litcr culture was induced at log phase 
with IPTG for 4 h. Bacteria from the induced culture were centrifuged in a Sorvall 
SlA3000 rotor at 8.000 rpm for 10 min at 4°C. suspended in lysis buffer (6 M 
guanidine HCI. 10 mM Tris-HCI. 100 mM sodium phosphate. 300 mM NaCI. 1% 
Tween 20. pH 8) and sonicated, at 4°C. in a Sanies Yibracell sonicator (amplitude 
setting of 60). using 20 pulses of JO s each. with 30 s off time between the pulses. ·n,e 
lysate was clarified by centrifugation at 16.000 rpm at 4°C in an SS34 rotor for 45 
min. Titc recombinant protein from this material was purified by affinity chroma-
tography on a 5-ml Ni-NTA supcrllow resin column essentially as described earlier 
(6). -

Eu3 + -9d-chelate and its conjugation to anti-human antibody. The synthesis 
and full description of fluorescent properties of the Eu'• -9d-chelate have 
been published previously (15. 19). Goat anti-human lgG was labeled using a 
40-fold molar excess of the Eu" -9d-chclate. The labeling and removal of 
excess free label were performed essentially as described before (19). The 
protein concentration of the labeled antibody preparation was determined by 
Bradford assay (3). The level of label incorporation was determined to be 2.6 
Eu'•-9d-chelate per antibody. Bovine serum albumin (BSA) and sodium 
azide were added to final concentrations of 0.1% and 0.05%. respectively. 
The solution was filtered through a 0.22-JJ.m membrane and stored at 4°C 
until used further. 

In-house indirect HIV immunoassay. Time-resolved lluorometl)' (TRF) mea-
surements of Eu'·' -9d-chelate-Jabeled anti-human antibody in indirect immune-
assays with r-HJY-MEP as the capture antigen were made using a Victor'Y 1420 
Multilabel counter (Perkin Elmer. Singapore). which allows the measurement 
directly from a solid phase. Briefly. 5 JJ.g/ml of r-HIY-MEP was prepared in 
coating buffer (0.1 M carbonate-bicarbonate buffer. pH 9.6) and 100 JJ.i of this 
was added into each well of a 96-well plate and incubated overnight at 37°(. llte 
wells were aspirated and blocked with 300 JJ.i of blocking buffer (37.5 mM 
Tris-1-JCI. pH 7.75. 25% goat serum, 115 mM NaCI. 0.05% NaN,. 0.038% Tween 
40. 15 JJ.M EDTA. 1.38% BSA) and incubated for 2 h at room temperature with 
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TABLE I. List of I-llY-specific irnmunodominant epitopes selected 
from the literature in designing the r-HIV-MEP antigen 

Viral protein Position of epitopes in % positivity with Reference HJV proteins" patient sera 

HIV-1 p24 aa 272-322 of p55 (505) ND" 14 
HJV-1 group aa 580-616 of gpl60 (863) 84 10 

0 gp41 
HIV-2 gp36 aa 587-614 of gp160 (858) wor 12 
HIV-1 group a a 580-625 of gp 160 (853) 100 10 

M gp41 

" Numbers in parentheses indicate the total numbers of amino acid residues of 
the corresponding full-length proteins. 

"ND. not done. 
''ln combination with HIV-1 gp41 (31 aa) and p24 (146 aa). 

shaking. The wells were washed two times using COLUMBUS Plus-BASIC 
(TECAN. Griidig. Austria) with wash buffer (10 mM KH 2PO,. 40 mM 
K2HPO,. pH 7.2. 150 mM NaCI. 0.1% Tween 20. 0.5 M KCI). After washing. 
2 JJ.I of each serum sample in 50 JJ.I assay buffer (37.5 mM Tris-HCI. pH 7. 75, 
25% goat serum. 115 mM NaCI. 0.5 M KCI. 0.05% NaN,. 0.038% Tween 40. 
O.lo/c Triton X-100. 15 JJ.M EDTA. 0.38% BSA) was in~ubated in each well 
for 30 min at room temperature with shaking. The wells were washed four 
times with wash buffer. One microgram per milliliter of Eu'• -9d-chelate 
labeled anti-human antibody was made in assay buffer. and 50 JJ.i of this was 
added into each well and incubated for 30 min at room temperature with 
shaking. The wells were washed seven times with wash buffer. and TRF for 
Eu'• -9d-chelate was measured from dry wells using the following parame-
ters: excitation wavelength. 340 nm; emission wavelength. 615 nm: delay time. 
400 JJ.S: window time. 400 JJ.S; cycling time, I ms: measurement time. Is (i.e .. 
counts resulting from 1,000 sequential excitations were integrated for each 
measurement). To designate sera as either positive or negative. we used a 
cutoff value of 6.500 counts/s (obtained by adding three times the standard 
deviation to the mean of HIV-negative sera). Sera with a "signal-to-cutoff" 
(S/Co) ratio of <1.0 were designated negative. while those with S/Co::: 1.0 
were designated positive. To ensure the validity of the cutoff value, we 
included positive- and negative-control samples in each run. All measure-
ments were made with a single lot of reagents using the same instrument. 

RESULTS 

Design of r-HIV-MEP antigen. To design a MEP that could 
be of diagnostic utility, linear and conserved immunodominant 
epitopes, known to elicit anti-HJV antibodies, were selected 
based on published literature, summarized in Table I ( 10, 12, 14). 
These epitopes were from HTV-1 p24 and the Env antigens of 
HIV-1 and HIV-2. The r-HIV-MEP was designed by linking 
these epitopes in tandem using (Gly)4 peptides. The DNA and 
predicted amino acid sequence and computer modeling analysis 
of the three-dimensional structure of the r-HIV-MEP arc shown 
in Fig. I. Computer modeling analysis suggests that the design of 
the MEP permits easy accessibility of all its constituent cpitopes. 
All these cpitopes would therefore be freely available for inter-
action with their cognate antibodies and would contribute to the 
overall sensitivity and specificity of the MEP in terms of reactivity 
with patient sera. Multiple sequence alignment of the epitopes of 
the r-HIV-MEP antigen with the corresponding cpitopes of dif-
ferent HIV types and groups is shown in Fig. 2. It is apparent that 
the epitopes selected for inclusion in r-HIV-MEP manifest a 
considerable level of conservation among the specific types and 
groups of HIV, suggesting that this synthetic antigen may exhibit 
immunoreactivity to antibodies specific to different types and 
groups of HlV. 

Expression and purification of r-HIV-MEP. We expressed a 
synthetic gene encoding the r-HIV-MEP protein in E. coli using 



VOL. 17. 2010 

A 
DESIGNER ANTIGEN-BASED ANTI-HIV ANTIBODY DETECTION 

B 
aacaaaatcgttcqcatgtatagcccqaccagcattctggatattcgtcagggtccgaaa 
N K I V R M Y S P T S I L D I R Q G P K 

gaaccgtttcqcgattacgttgatcgcttctacaaaaccctgcgtgcggaacaggcgagc 
E P F R D Y V D R F Y K T L R A E Q A S 

caggaatacaaaaactggatgaccgaaaccctgggcggtggtggttggggtattcgtcag 
Q E Y K N W M T E T L G G G G W G I R Q 

ctgcgtgcgcgtctgctggcgctggaaaccctgctgcagaatcaacagctgctgtctctg 
L R A R L L A L E T L L Q N Q Q L L S L 

tggggttgtaaaggcaaactggtttgctataccagcggtggtggtggtcaggatcaggcg 
W G C K G K L V C Y T S G G G G Q D Q A 

cgtctgaatagctggggtagcgcgtttcgtcaggtttgtcataccaccgtgccgtgggtt 
R L N S W G S A F R Q V C B T T V P W V 

aatgatagcctgggtggcggcggttggggcattaaacagctgcaggcgcgtattctggcg 
N D S L G G G G W G I K Q L Q A R I L A 

gttgaacgctatctgaaagatcagcaactgctgggtatttggggttgtagcggtaaactg 
V E R Y L K D Q Q L L G I W G C S G K L 

atttgtaccaccgcggttccgtggaatgcgagctggagcaattaa 
I C T T A V P W N A S W S N * 
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FIG. I. The r-HIV-MEP antigen designed for this study. (A) Computer-generated graphic visualization (http://www.sbg.bio.ic.ac.uk!-3dpssm) 
of r-HIV-MEP. (B) Complete nucleotide (lowercase letters) and predicted amino acid (capital letters) sequences of the r-HIY-MEP gene showing 
four epitopes (a a I to 51, p24 of l-IlY -I: a a 56 to 92, gp41 of I-llY -I group 0: a a 97 to 124, gp36 of I-llY -2: and a a 129 to 174, gp41 of I-llY -I group 
M) linked together with Jlexible tetraglycyl linkers (underlined). The asterisk indicates the engineered stop codon. 

IPTG induction from a ]-liter shake-flask culture. As localization 
experiments showed that the r-HIV-MEP was associated exclusively 
with the insoluble pellet fi·action of lysates, we solubilized it using 
guanidinium and purified it under denaturing conditions by Ni-NT A 

affinity chromatography (data not shown). We obtained -21 mg of 
>95% purified protein from a liter of induced culture. 

Evaluation of the r-HIV-MEP with Boston Biomedica serum 
panels. Next, we sought to establish an in-house anti-HIV 

HIV-1 p24 NKIVRMYSPT SILDIRQGPK EPFRDYVDRF YKTLRAEQAS QEYKNWMTET L 
HIV-1 grl~ _!\ .v F. .T .v. 
HIV-1 gr~l_B .v. 
HIV-1 grl•l _c . v .K . P. . T .DV. .D . 
HlV-1 grN_D .v .DV. 
HIV-1 grl•1_F . v . K. P.V . .DV.G. .D. 
IIIV-1 grl-l_G .v P.C. .DV.G . . D. 
HIV-1 grN_ H .v .K. F. . T .I)V . 
HIV-1 grl~_J . v f.A. .T .DV . .D. 
HIV-1 grN .R. .v . E. K. .T .DV . 
HlV-1 grO . ~!. K. .v . K. . T .v . 
HJV-2 - A o.c. . N. N. . K. . QS. . s . . TO PAV . .o . 
HIV··2 - B o.c. .N. N. . K. . os. . s . . TO PAV . .o. 

HIV-1 grO gp41 WGIRQLRARL LALETLLQNQ QLLSLWGCKG KLVCYTS 
HIV-1 grO ANT70 . . . . . . . . . . .......... . . . . . . . . . . 
HIV-1 grO HVP-5180 . . . . . . . . . . Q ....• I. .. . R.N ...... .. I. ... 
HTV-1 grO 99CMU4122 . . . . . . . . Q ....• l.. . . . N. . .... R. J. ... 
HIV-1 grO 99USTWLA .......... Q ..... M ... . . .N ...... . $1. ... 
HIV-1 grO VAU .......... . . . . . Fl. .. . . HN ..... N R.I .... 

HIV-2 gp36 QDQARLNSWG SAFRQVCHTT VPWVNDSL 
HIV-2 A . . . . c . 
HIV-2 - B K . . . Q .. c. . . .P.ET. 
HIV-2 - A/8 K. .. Q .. c. . . 
HTV-2 u K . . s. .A .. c. .I.. T. -
HIV-2 G K. . . . . c . . . .DALGA -

HIV-1 grM gp41 WGIKQLQARI LAVERYLKDQ QLLGIWGCSG KLICTTAVPW NASWSN 
HIV-1 grM_A .v . o. R . . M . .r:. .f. . s. 
HI V-I gr~l_B .v . R. T T 
HIV-1 gr~1_ c . T.V I . H. R. . s . 
HIV-1 gr~l_ D . H. .N . . s. 
HIV-1 grM_ f . v .N. . s . 
HIV-1 grt·l_ G .S.\1 . I .N. T 
HIV-1 grM_ H . v .R. .N. . s . 
HIV-1 grl~_J ......... V .......................... N .. . 

FIG. 2. Multiple sequence alignment of the four r-HlY-MEP epitopcs with the corresponding epitopcs of difierent HlV types, groups. and subtypes 
(http://bioinfo.genotoul.fr/multalin/multalin.html). The black dots indicate identical residues. Variants are indicated by the standard single-letter amino acid code. 
Letters in the virus names indicate subtypes. In the case of I-llV-1 group 0 gp4L the alignment has been done with different isolates within the group. 
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TABLE 2. Evaluation of r-1-IIV-MEP-based indirect immunoassay using IllY scroconversion panel (PRB 931: Boston Biomedica Inc.) 

S!Co value 

Member 10 Bleed Davs since Abbolt" Gen. Sys." date' fir;l bleed OT HlV" MEl~· 

HIV-1 HIV-1/2 HIV-1 HIV-1!2 

01 14 0 0.2 0.1 0.2 0.1 0.3 0.1 (-) 
02 16 2 0.2 0.1 0.1 0.1 0.3 0.2 (-) 
03 21 7 0.2 0.1 0.2 0.1 0.4 0.3 (-) 
04 23 9 0.2 0.1 0.2 0.1 0.3 0.3 (-) 
05 29 15 0.2 0.1 0.2 0.1 0.3 0.3 (-) 
06 II 28 0.9 6 0.3 0.4 0.6 1.2(+) 
07 16 33 3.9 >18.7 0.8 1.1 2.3 5.6 ( +) 
08 18 35 5.7 >18.7 1.3 1.9 3.1 9.2 ( +) 
09 25 42 10.5 >18.7 2.9 4 4.6 >10(+) 

" Bleed dates for member IDs 01 to 05 were in August 1995: those for IDs 06 to 09 were in Scplember 1995. 
"Values indicate signal-to-culoff ratios provided by I he panel supplier (Gen. Sys .. Genetic Systems; OT, Organon Teknika) using the indicated commercial kits. S/Co 

values <= 1.0 are considered positive . 
.. Values indicate signal-to-cutoff ratios obtained using the in-house indirect immunoassay. The results using the in-house assay arc indicated in parentheses. Samples 

with S/Co values <1.0 are designated negative(-). and those with values <:1.0 arc designated positive(+). 

indirect immunoassay using the purified r-HIV-MEP. In this 
assay, the purified r-HIV-MEP antigen was used to capture 
anti-HIV antibodies in sera. Bound anti-HIV antibodies were 
detected by TRF using anti-human antibody labeled with 
EuJ+-9d-chelate. To establish the specificity of r-HIV-MEP 
protein as an intermediate for anti-HIV immunoassay, more 
than 50 HIV-negative human serum samples were evaluated. 
The results demonstrated that r-HIV-MEP did not exhibit any 
false positivity with normal human serum samples. These re-
sults unequivocally established the high degree of specificity of 
r-HIV-MEP protein for the detection of anti-HIV antibodies. 

Next, 57 serum samples from various well-characterized BBI 
panels were used to evaluate our in-house r-HJV-MEP-based 
anti-HIV immunoassay. Table 2 compares the ability of our 
in-house assay to detect early seroconversion with those of 
other commercial kits using a set of nine sera constituting the 
HIV seroconversion panel (PRB 931). The earliest time point 
at which seroconversion is detected in this panel is at 28 days, 
using the in-house assay, represented by panel member 6. In 
addition to our in-house assay, only one kit, namely, the Ab-
bott HIV -1/2 kit, out of the five commercial kits tested could 
pick up this member. We assessed the sensitivity of the r-HJV-
MEP antigen to detect anti-HIV antibodies further by testing 
it against BBI's worldwide HIV performance panel (WWRB 
302) consisting of 25 sera. Of these sera, 21 sera were HIV-1 
positive, representing genotypes A, B, C, D, E, F, G, and 0, 
from diverse geographical locations such as the United States, 
Spain, and several countries in Asia and Africa. Of the remain-
ing four sera in this panel, two were HJV-2 positive and two 
were HIV negative (Table 3). Interestingly, the in-house im-
munoassay using r-HIV-MEP identified all 21 HIV-1 samples 
and the 2 HIV-2 samples. Further, the two sera that were HIV 
seronegative using five different commercial kits were also 
seronegative in the in-house assay. To examine specificity in 
the background of other infections, we evaluated the in-house 
immunoassay using BBI's viral coinfection panel consisting of 
25 sera (PCA 201 ). Of these, 9 were HIV seronegative while 
the rest (n = 16) were HIV seropositive, based on commercial 
assays. We tested 7 of the HIV-scroncgative and all 16 of the 
HIV-seropositivc samples using the r-HIV-MEP-based immu-
noassay. Many of these samples were also seropositive for 

hepatitis B virus (HBV). hepatitis C virus (HCV), and/or hu-
man T-cell leukemia virus (HTLV). The results arc summa-
rized in Table 4. Significantly, regardless of the presence or 
absence of antibodies to HBV, HTLV, or HCV, the results of 
the in-house immunoassay for HIV antibodies closely matched 
the results obtained with the commercial assays. The lone 
exception was provided by panel member 20. This serum, 
which scored as HIV positive with the commercial kits, was 
assigned as HIV negative using the r-HIV-MEP-bascd assay. A 
closer examination reveals that this discrepancy is attributable 
to this sample being a borderline specimen. The S/Co ratios, 
which must be 2:1.0 to designate a sample as seropositive, were 
1.1 and 1.0 for the two commercial kits and 0.9 for the in-house 
assay. 

Overall, the data show that the performance of our single 
r-HIV-MEP-based immunoassay is in ncar total agreement 
with the commercially available multiantigen-based anti-HIV 
EIA kits, namely, Abbott HIV-1, Abbott HIV-1/2, Genetic 
Systems HIV-1, Genetic Systems HJV-l/2, and Organon 
Teknika HIV-1. 

DISCUSSION 

Our earlier work has established the utility of recombinant 
MEPs in the detection of infection by different pathogens (1, 2, 
6). The present study is based on the premise that the use of a 
single diagnostic intermediate designed to have HIV-specific 
immunodominant epitopes from all known genotypes and ex-
pressed to high levels in an E. coli expression system could 
effectively address the issues of cost and specificity associated 
with the currently available multiple-antigen-based anti-HIV 
diagnostic assays. To develop this recombinant antigen, we 
focused on the HIV-1 and HIV-2 antigens shown in Table I. 
The ability of these proteins to elicit humoral immune re-
sponse has been well documented, and their antigenic deter-
minants have been identified using a variety of different ap-
proaches (4, 13, 16). We selected immunodominant, linear, 
and phylogenetically conserved epitopes from these antigens 
for incorporation into the synthetic antigen r-HIV-MEP. In 
order. for a synthetic MEP to be capable of efficiently recog-
nizing HIV-specific antibodies, it is necessary that its constit-
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TABLE 3. Evaluation of r-HIV-MEP-based indirect immunoassay using worldwide HIV performance panel 
(WWRB 302: Boston Biomedica Inc.) 

S/Co value 

Member ID Origin Gtyp" Abbott" Gen. Sys." 
OT HIV-J" MEP'" 

HIV-1 HJV-l/2 HIV-J H!V-Ji2 

or Spain 0 1.1 1.8 0.8 5.6 1.3 > 10 ( +) 
02 Ghana A >11.5 >16.1 6.9 8.7 7.0 >10(+) 
03 Ghana G >11.5 >16.1 7.1 8.8 7.2 >10(+) 
04 Ghana G > 11.5 >16.1 7.1 8.8 6.5 >10 (+) 
05 Ghana A > 11.5 >16.1 7.1 8.7 7.0 1.8 ( +) 
06 Ghana G > 11.5 >16.1 6.9 8.8 7.1 9.2 ( +) 
OS Ivory Coast G >11.5 > 16.1 6.9 8.7 6.7 >10(+) 
09 Ivory Coast A > 11.5 > 16.1 6.9 8.6 6.5 > 10 ( +) 
10 Ivory Coast Neg" 0.4 0.2 0.1 0.4 0.4 0.5 (-) 
II Mozambique HIV-2 1.2 14.6 0.6 9.7 3.0 1.8(+) 
12 Mozambique c > 11.5 >16.1 7.1 8.9 6.9 >10(+) 
14 Uganda D > 11.5 >16.1 4.5 8.5 6.2 6.4 ( +) 
15 Uganda D > 11.5 >16.1 6.3 8.1 7.2 3.5 ( +) 
16 Uganda ]) > 11.5 > 16.1 7.0 8.8 6.9 8.8 ( +) 
17 Uganda ]) >11.5 > 16.1 6.8 9.8 7.0 2.7 ( +) 
19 Zimbabwe c >11.5 >16.1 6.0 9.9 7.0 >10(+) 
21 China B >11.5 >16.1 6.7 8.8 7.0 >10(+) 
22 Thailand E >11.5 >16.1 7.3 9.8 7.0 > 10 ( +) 
24 Thailand E > 11.5 >16.1 7.4 9.8 6.9 >10(+) 
25 India HJV-2 0.4 15.4 3.8 ]() 2.1 >10(+) 
26 USA D >11.5 >16.1 7.4 9.8 7.1 >10(+) 
27 USA BID > 11.5 >16.1 7.0 9.8 7.2 >10(+) 
28 Argentina F >11.5 >16.1 7.0 8.9 6.8 > 10 ( +) 
29 Argentina B > 11.5 >16.1 6.9 8.5 6.6 >10 (+) 
30 Argentina Neg 0.3 0.2 0.2 0.2 0.4 0.3 (-) 

" Gtyp. genotype. 
"Values indicate signal-to-cutoff (S/Co) ratios. provided by the panel supplier (Gen. Sys .. Genetic Systems: OT. Organon Teknika) using the indicated commercial 

kits. S/Co values 2:1.0 arc considered positive. 
' Values indicate signal-to-cutoff ratios obtained using the in-house indirect immunoassay. The results using the in-house assay arc indicated in parentheses. Samples 

with S/Co values <1.0 are designated negative(-). and those with values 2:1.0 arc designated positive(+). 
"Neg. negative. 

uent cpitopes exhibit significant reactivity to HIV-infcctcd pa-
tient sera worldwide. Since we wanted to usc E. coli-based 
ovcrcxprcssion from the cost perspective, it was necessary to 
work with linear cpitopcs, so that when incorporated into the 
synthetic protein, they would presumably retain their immu-
noreactivity toward anti-HlV antibodies. Finally, the phylogc-
netically conserved epitopcs would facilitate the recognition of 
multiple HIV types and groups. The selected cpitopes, which 
ranged in length from 28 to 51 amino acid (aa) residues, were 
fused in frame using flexible tetraglycyl linkers between adja-
cent epitopes. These linkers arc preferred in designing flexible 
chimeric proteins (20). Computer modeling analysis of the 
MEP antigen which showed all the chosen cpitopes to be 
accessible suggested that they would collectively contribute to 
the overall specificity and sensitivity of the molecule. 

We overcxpresscd the recombinant antigen in E. coli and 
purified it under denaturing conditions, as it was insoluble 
despite its fusion to thioredoxin. We then evaluated the effi-
cacy of r-HIV-MEP as a diagnostic intermediate in an in-house 
Eu"·' -9d-chelatc-based indirect immunoassay. In this assay we 
used the recombinant protein as the capture antigen and pan-
els of HIV-infcctcd (commercially available) and normal hu-
man sera as test samples. We then used anti-human antibody 
labeled with Eu"·' -9d-chclatc as a tracer and monitored cap-
tured anti-HIV antibody through TRF. The results showed 
that our synthetic diagnostic intermediate could indeed recog-

nizc and bind to anti-HlV antibodies, elicited by both HIV-1 
and HIV-2. However, it is to be noted that the design of 
r-HIV-MEP precludes differentiation of HIV-1 from HIV-2. 
As HIV exhibits a distinct geographical distribution, a world-
wide HIV performance panel (WWRB 302) was used to eval-
uate if r-HIV-MEP could recognize the HIV-infcctcd sera 
from dillcrent parts of the world. Panel members included 
specimens characterized as HIV-1 group M (subtypes A to G), 
HIV-1 group 0, and HIV-2. Our results demonstrated that 
r-HIV-MEP was able to recognize antibodies to a diverse set of 
HIV infections from India and from other countries such as 
Argentina, China, Ghana, Iv01y Coast, Mozambique, Spain, 
Thailand, Uganda, the United States, and Zimbabwe. The 
HIV scroconvcrsion panel (PRB 931) was utilized to evaluate 
the sensitivity of the r-HIV-MEP in the immunoassay, and the 
results were found to be in complete agreement with those of 
the best-performing Abbott HIV-1/2 EIA kit in the early di-
agnosis of anti-HIV antibodies in human sera. Our immuno-
assay was able to pick up panel member 6 of the HIV scro-
convcrsion panel (PRB 931), which showed immunoreactivity 
with the Abbott HlV-1/2 EIA kit only and not with other EIA 
kits. The viral coinfcction panel (PCA 201 ), on the other hand, 
was used for the evaluation of specificity of the r-HIV-MEP in 
the immunoassay. This single diagnostic intermediate per-
formed as well as the other commercial anti-HIV kits from 
Abbott, Genetic Systems, and Organon Teknika except for 
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TABLE 4. Evaluation of r-l-I!V-MEP-based indirect immunoassay using viral coinfection performance panel 
(PCA 201: Boston Biomedica Inc.) 

S/Co value 

Panel ID Hepatitis B virus" HTLV" HIV-1" 
I-ICY" MEP" 

b d e g h 

I 53.4 68.9 9.0 2.1 2.6 I' 0.2 03 6.3 0.3 (-) 
2 51.6 68.9 8.8 0.1 0.2 13.5 15.2 I' 0.7 >10 (+) 
3 49.3 68.9 8.7 2.1 2.6 I' 0.1 0.2 6.3 0.2 (-) 
4 26.4 68.9 7.7 2.1 2.6 I' 0.1 0.2 0.4 ND 
5 0.4 0.4 7.4 2.1 2.6 I' 13.5 15.5 I' 6.3 > 10 ( +) 

6 0.5 0.1 0.5 0.1 0.1 0.1 0.3 0.5 ND 
7 0.7 0.2 0.2 2.1 2.6 p 13.5 15.5 p 63 >10(+) 
8 38.9 68.9 57.9 0.1 0.2 13.5 15.5 I' 2.1 >10(+) 
9 1.0 1.3 0.6 2.1 2.6 p 13.5 15.5 I' 2.2 >10 (+) 
10 42.8 68.9 7.8 0.1 0.2 13.5 15.5 p 0.2 > 10 ( +) 

II 48.6 68.9 8.5 2.1 2.6 I' 0.1 0.2 63 0.5 (-) 
12 38.7 68.9 8.5 0.2 0.2 13.5 15.5 I' 6.3 > 10 ( +) 
13 33.6 38.6 9.2 0.1 03 1:1.5 15.5 I' 0.7 >10 (+) 
14 51.8 68.9 8.2 2.1 2.6 I' 032 0.2 0.5 0.1 ( -) 
15 64.5 68.9 2.1 1.6 2.2 p 0.2 0.3 6.3 0.7 (-) 

16 0.5 03 5.4 2.1 2.6 I' 13.5 15.5 I' 6.3 >10(+) 
17 42.3 68.9 8.1 0.1 0.4 13.5 15.5 I' 1.1 >10(+) 
18 5.1 1.0 0.4 2.3 2.6 I' 13.5 15.5 I' 6 . .1 >10(+) 
19 45.6 50.8 2.9 0.2 0.2 13.5 15.5 p 0.4 >10(+) 
20 12.2 11.9 6.2 0.1 0.2 1.1 1.0 I' 0.1 0.9 (- )* 

21 42.2 57 2.7 0.2 0.2 13.5 15.5 I' 0.9 > 10 ( +) 
22 41.5 68.9 7.2 0.1 0.2 13.5 15.5 I' 63 > 10 ( +) 
23 46 68.9 8.1 2.1 2.6 I' 0.2 0.3 6.3 0.6 ( -) 
24 0.5 0.2 0.5 0.2 0.2 0.1 0.2 0.4 0.4 ( -) 
25 50.1 68.9 8.5 0.2 0.3 13.5 15.5 p 0.9 9.7 ( +) 

"Assays performed using commercial kits. HBs (columns a and b). HTLV (columns d and e). and HIV-1 (columns g and h) assays were done with kits from Abbott. 
In each of these instances, assays were done twice. independently by BBI (columns a, d. and g) and a reference lab (columns b. c. and h). Other kits used were from 
Organon Tcknika (for HBc. column c) and Ortho (for HCV). Values indicate signal-to-cutoff (S/Co) ratios provided by the panel supplier using the indicated 
commercial kits. S/Co values 2:1.0 arc considered positive: Hll_ V (column f) and HIV-1 (column i) assays were also done in blot format using kits from Genetic Systems 
and Dupont. respectively. P and - indicate the presence and absence. respectively. of antigen bands in the blot assays (columns f and i). 

"HIV detection using the r-HJV-MEP-based in-house assay. Values indicate signal-to-cutoff ratios obtained using the in-house indirect immunoassay. Samples with 
S/Co values < 1.0 arc designated negative (- ). and those with values 2:1.0 are designated positive (+).The results are indicated in parentheses. The asterisk indicates 
a borderline result in the in-house assay. ND. not determined due to lack of sample. 

panel member 20 of the viral coinfection panel, which hap-
pened 10 be a borderline sample. The information regarding 
the subtype of this member is unavailable. Overall, the data 
attest to the utility of our designer antigen in detecting HIV 
infection, from diverse geographical locations, with high spec-
ificity and sensitivity. It is also useful in monitoring serocon-
version. However, these are prclimina1y data and need to be 
corroborated with a larger number of serum samples. The usc 
of fluorescent EuH-9d-chelate enables simplified, rapid, and 
universal test protocols to be constructed for a wide range of 
analytical applications because of the ease of antibody labeling 
with EuH -9d-chelate and easy measurement of fluorescence 
directly from the dry wells without adding any substrate or 
stopping the reaction. Though the current assay takes a few 
hours, it has the potential to be adapted to a rapid test format. 

In conclusion, the high density of HIV-spccific, phylogencti-
cally conserved, and immunodominant epitopes selected for 
designing the r-HIV-MEP contributed to a high degree of 
sensitivity and specificity. Further, our strategy of using a single 
recombinant MEP completely obviates multiple peptide syn-
thesis and multiple protein expressions, and our EuH-9d-chc-

late-labeled antibody as a tracer further simplifies the immu-
noassay. These factors, together with the high level of 
expression of r-HIV-MEP in E. coli and its single-step affinity 
purification design, make this approach highly cost-effective 
for anti-HIV screening in blood banks in most developing 
countries. The yield of purified r-HIV-MEP from I liter of 
induced culture is sufficient for -40,000 assays. 
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