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PREFACE 

The colouration in an oraa.niom has always evoked curiosity 

ot a zoologist and a chemist. Tho interest of a zoologist io 

1n the biological function of the zoochrome ohile that ot a 

chemist is in ito structure, origin; and the corolat:l.on ot these 

t~o with the function. From both directions much light has boon· 

shed on the many mysteries regarding the nature, origin and 

function of the zoochromes (Needham, 1974). 

Blopharisma, a holotrioh ciliate is characterised by tho 

presence of a photo-sensitizing.pink to red pigment called 

•soopurpurtn• by Arcichovskij {1905) and *Blephar1sm1n' by 

sevanant (1965). This pigment is uniQue and the only animal 

pigment reported so far tibich not only kills its host cell but 

also the other colourless ciliates, flagellates, marino eggs 

etc. in the presence of strong light (above 21000 foot candle) 

and oxygen (Gioee, 1953, 1946, 19571 Giese and Zoutben, 1949). 

stentor nigor, another oiliato also contains photosensitising 

pigment but unlike Blepbasimin it does not kill ita o~ cell 

(Tartar, 1961). With the exception of feo nild typo bacteria, 



tho photosonsitising pigments resomblina Blopharismin 1n 

behaviour have been reported only in the mu.tant torms of 

bacteria, plants, animals including mnn (tor Summar.J1 Gioso, 

1971 ~). It seems then that the Blepharisma is the anSmal 

which has incorporated 1n tJild type, in its gonome a liability . 

in the form of Blopharismin. Iot surprisingly:f no albino bas 

been colleotod in nature or reported, except for one short 

livod albino matant of pink strain of B. otoloi v. ~ 
collected. in Japan (Iuba g,t ~. 1958). On the other hand, 

it hao been observed that the laborato~ generated. albino 

mutant of pink Pod.ersoo strain and anotbor trom a cyst of a 

pink strain of B. amoricanum remained oolourleos tor throe 

months and later booamo pink again (Giese, unpublished). 

tth7 has Natura bestovod upon Blopbarisma a liability, 

and yot invariably almost all the species aro pigmented and 

abovo all the deeply pigmented ones al~QJG appear to be moro 

vigorous and aro bigger in oiso compared tdth the phenotypic 

albinos and tho less pigmented variotios (Giese, 1973)1 

Giese (1965) ha~ observed that tho Blepharismin 

acto as a screen and prevent tho animal from the damaging 

far-uv ra41ationsa if that 1e tho only tu.nction of the pigment 

thon hott are tho colourless protosoa survivina 1n nature. Is 

it duo to the photorevoral enzyme ayotom tthich is about 95% 

dovelopod in protosoan as compared to only 30% in Blopharisma 

(G1eso, 1967), that tho nature io to compensate tho defect, 



it so then tihy in a lethal form? To act some ans~or to those 

anomalous queries tho present otud1 has been undertaken. 

Throe 1ntor•relate4 aspects ~oro taken using B. intormed1um 

{indian opooios) ao the oxporimental material. This speoieo uao 

chosen tor its largo siao (200•350~) and ttell orsanisod deop 

pink pigment granulooa 

First aspect concerns tho structure of p1gmenta fhis io an 

essential prelude to biosynthesis of ~ pigment. ~llor (1962), 

and Sevenant ( 1965) he.vo shotm that pigment of B. undulans 

(american spoc1es) is some uhat like hypericin; a photooonc1t1oiD3 

plant pigment of tho fe.m:lly Guttiterao. They havo based their 

observation on tho absorption, infrared and fluoresconoo opoctra 

and havo proposed only a tentative stwcturc. In this 

laborator.y tho molecular uo16ht, molecular formula and 

otructural formula havo been elucidated. Tho prooont tindinss 

aro based on tho spectro-scopic tocbniqueo like nQClear masnotic 

resonance, maso spectroscopy besides the ultravoilet absorption, 

infrared and fluorosoonco.opoctrosoopy. 

Second aspect concerns ~th the biooynthesie of the p16ment. 

No t~ iblo wrk has boon oo tar done in this e.raa. Tho 

presont study can bo summarised in tuo stages. one tibero 

attcm#S have boon mado to find out tho route of tho pigment 

formation, via. it•o formation during protein oynthosis from 

the sene or during tho metabolic procossos and second~ tho 
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nature of precursors involved in pigment synthesis. In the 

former the studies have been done using DNA, RNA, protein 

synthesis and metabolic inhibitors While the later studies 

have been done using radio isotope feeding of the precursors 

and the enzymatic studies. 

The third aspect is the function of the pigment. The 

biological function of the pigment as a photo protector in 

dim light Tis a vis its role in giVing s1ze,vigorousit7 haa 

been studied. The albinos have been generated 1n the laborator.r 

(Giese and Grainger, 1970) and the effect of those wave length• 

which are absorbed by the pigment and the proteiD synthesia 1D 

the pigmented and albinos has been measured. Prom the finding 

an attempt bas been made to corelate the function with the 

structure of the pigment. 
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INfRODtTCTION 

Blopharisma intormodium has doep pink pigment granulea, 

concentrated mainlr bolo~ the pellicle. Some insight into 

tho structure ~e essential before tho experiments on 

biosynthesis could be undertaken. Tho only ~ork reported 

in the literature is on the pigment of B. undulans (american 

species) (U6ller, 1962a sovenant, 1965) and a tentative 

structure based on indirect ovidcncos has been proposed. 

The deta1led ohomicBl otu4y probablY could not be undertaken 

because of tho tact that the an~mal contains the pigment 

only in micro quantity. Fortunately, tdth tho recent advancoa 

in the better rooolution of the spoctro-scopic methods, it 

is non possible to elucidate tho structure more cogentlf 

trl.th que.ntit:l.os available in micro-srame and mUli.gre.mo •. 

In the present inveotigatlons a atructural formula is 

proposed baaed on tho direct ovldences and compilation ot 

the data obtained trom ultra•violet violble; intra-red 

spectroscopy, nuclear magnetic resonance and ~lao mass 

spectroscopy. Tho tluoresconco opeotrum ~s taken mainly 

to compare the pigment \11th tho pigment of B. undulans. The 

qualitative tests which preoeoded tho opectrooooplo studies 

voro done to get oomo idoa specially about the presence of 

phenolic groups in the molecule. 



llATERIALS AND tmTHODS 

f.W!ERIALS 

Wild type Blopharisma 1ntermod1um constitQtod the 

material. Tho Blepbarismas were cultured 1n 0.5X ~ infusion. 

~hicb after boiling, cooling and filterinG ~ao ~ort1t1od nith 

Horlick milk. About 500 ms horlicks ttaD added to one litro 

ot the hay medium. The culture l78.S maintained in the B.o.D. 

chamber in the dark at 25.!)00. 

Chemic~ls • The chemicals and their srade1 uaod in thio 

study' are a 

Acetone A.R., Sodium Chloride, carbontotra•chlorido(A.R.) 1 

dietnylether,' distilled absolute alcohol, potassium bromide, 

Pol1n-c1oealtou reagent, ferric chloride, ood1um carbonate, 

sodium hydroxide, acoticonhydrido 

All these reagents were from tho British Drug house. Pure 

nitrogen gao ~s. obtained from Indian Qxysen Comp~. 

llETHODS 

(1) Collection of the animalst 

on the :tU'th d~ after inoculation of the medium,. tho hay 

medium having thick suspension of animals wore contritugod at 

1 1 000 to 1,500 rpm for 1 minute. Tho animals sottlo at tho 

bottom of the contritugo tube. 

(2) Purification of the pigment• 

The pigment from tho contritugod. au1mals wao extracted 1n 

acetone and the extract dried at room temperature •. fhc dry 



film of the pigment TJaS washed throe times ltith carbon•totra• 

chloride to remove the lipidsJ and tho contents dried in 

nitrogen, Tho pigment ~s redissolYed in acetone and 

transferred to a separating tunnel (Oioeo and Qre.lnser, 1970). 

Diot~l ether and dilute solution of sodium chloride ~oro added 

and tho contents shaken. By this stop tho pigment from aootono 

g~es into the other. Acetone and other T~ater soluble tmpuritioo 

1'1ere removed by several aashlngs (5•10t t1ith dilute sodium 

chloride solution. The pigment extract cas filtered and dried 

in nitrogen atmosphere at 6o0c. 

(3) QualitatiYo testa 1 

A fet1 qualitative tests aero done tor ascertaining tho 

prosenco of phenolic hydroxyl group in tho pigment molecule. 

(a) 1 ml of concentrated solution of tho p1gmont oe.o 

treated ~th 1 ml ot Polln•ciocaltou reagent and 

2 ml of 20% (tt/11) solution of sodium carbonate. Tho 

reaction mixture traD uarmed to about 60°C. (Polin 

and Ciooaltou, 1927). 

(b) The concentrated solution of the pigment 1n 50~ otbTl 

alcohol vas treated l1ith tea drops of 0.5 N troohly 

prepared noutral forrio chloride solution (Bray and 

Thorpe. 1967). 

(c) fhe pigment solution in acetone \18.8 made alkaline 1'11th 

sodium hydroxide and then acidic \71th d1luto oulphuric 

acid. (Thomson, 1971). 



9 

(4) Spectroscopic metbodo a 

(i) Ultra•VOilot visible absorption spectrum a 

·~e purified pigment was dissolved in d.1stille4 ethyl 

alcohol and tho spectrum t1as taken on the Beckmann 

spectrophotometer. 

( ii) Infra-rod spectrum a 

The IR spectrum of the solid uaa takon as KBR pollot. 

The meaou.romont w.o dono in Grub Parson (London) double 

beam infra-rod spoctrophotomotor at Indian Inst~tuto 

of Technology, Uov Delhi. 

(iii) Nuclear magnetic rosonanoo spectrum a 

The nuclear maanotic rosonanco ot tho purified ptsment 

was done in doutero-acetono in 60 llH Varian cpectromotor 

at Reading University, Reac:li"f (U.K.). Tho roe.dingo 

\"/oro takon at 250 and 500 rmoop trl.dtho. 

( 1 v) llass Spectrum 1 

tlass spectrum nas taken 1n mass spectrometer o.t 

200°C at Reading l1n1vers·1ty. ~eat!ing (U.K.) 

(v) Flouresconco spectrum 1 

Tho spectrum of pure pigment using acetone solvent 

tmo taken 1n flourlmoter fabricated in tho Life 

Sciences department ot Jaoaharlal Nehru University, 

Nott Delhi. 
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BIPERillENTAL RESUII.rS 

Qualitative toste 

(a) Folin•oiocaltou teste a 

The pigment solution nhen treated with Polin-oiocalteu 

reagent and eoc\ium carbonate solution on t'Ja,J'ming to 60°C 

dovolopod blue colour. fho formation of blue colour is 

cbaraotor1st1c of phonolo, that lo the bensono hydroX3'1 

aJ"Oupo. 

{b) Ferric chlor14a tost t 

The pigment solution uhon treated ttith neutral ferric 

chloride solution devolopod groonieh colour. fhio again 

indicateo the presence ot phenolic group 1n tho pigment 

molecule. 

(c) Colour chanao ai~h pH 1 

Tho pigment eolution l1hich 11ao rod changed to blue 1n 

the alkaline pH tibon treated ~th sodium hydroxide solution 

and Q8ain turned pink on acidification (ac141c pH). The 

chango 1n colour in the.alkalino solution indicates that 

tho molecule le a hydroxyquinone. 

Thus the presence of phenolic hydroxyl group an4 

bydroqlctu1nono group in tho pismont t1oro indicated from tho 

above tests. 

Spectroscopic results 

(1) Ultra•Violot visible spectrum • 

The ultra-voilet visible opectrum of the pigment in 

alcohol sho\'Js absorption in tho far uv, noar uv and tho 
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visible regions. The absorption peak in the tar uv is 

at 225 nma in the near uv it 1s at )JO nm, and in the 

visible region the peaks are at 480, 540 an4 580 nm 

(Pig. 1.1 and fable 1.1). The maximum absorption ~max) 

is in the tar uv. fhe 225 nm band represents the quinone 

absorption overlaptng the benzenoid absorption, 330 nm is 

the benzeno1d absorption while the banOs at 480, 540 an4 

580 Dm are due to "hydroxy groupe. The number of 

~hydroxyl groups mey be four or more and the general 

spectrum seems to be belonging to ""bl'droxy higher quinones 

(scott., 1964a Brockmann, 1957). 



fable 1.1 

Tho ultra-voilet visible absorption epeotrum 
ot purified pigment in alcohol. The absorp­
tion peaks are marked (•) 

Wave Abe or Wave Absor- Wav• 
length bane* length bance length 
1n Dill 1n Dill 1n nm 

210 1.5 310 0.41 450 

215 ~·' )15 0.42 460 

220 1.5 320 0.45 470 

225 1.55 325 0.49 480 

230 1.5 330 o.so 490 

240 1.2 335 o.so . 500 

245 1.2 340 0.49 510 

250 f.O 350 0.41 520 

255 0.95 )60 0,)0 530 

260 0.90 370 0.20 540 

265 o.as 380 0.19 550 

270 0.75 390 0.18 560 

275 0.70 400 0.17 570 

280 o.67 410 o.15 580 

290 o.62 420 0.14 590 

295 0.54 430 0.1) 600 

300 0.48 440 0.1) 

(11) Iatra•red spectrum a 

13 

Abe or-
banoe 

0.14 

o.17 

0.19 

0.22 

0.22 

0.21 

0.18 

0,18 

0.22 

0.25 

0.25 

0.24 

0.29 

0.33 

o.lO 

0.18 

fl1e IR spectrum le shown in Fig. 1.2. !he position. 

nature and eignitioanoe of peaks are given in Table 1.2. 
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:table 1,2 . 

Tho location, nature and sianificanoo 
of the peaks of intra-rod spectrum of 
the p~fiod pigment 

Peak 111 
Uavo \7avc Nature 

lell6th number of peak Remarko 
(.P-7 . (C:r~1) 
2.9 to 3448- \ioak O.H otrotohing Vibration 
2.96 3378 broad 

).42 2924 Sharp A-GYmmotrical C•H atrotchtng 
strof)8 ot alltano ,,, 2857 Sharp s.rmmotrical C•H atretohiDa 
Strcmg ot alk81'1e 

4.27 234.2 Sharp ~urity 
Strons 

5.88 1701 Bhar,p Carbon¥1 strotch1D6 vibration 
strona 

6.17 1621 l'loak Carbonyl vibration 

6.79 to 1413- Sharp A-symmetrical bonding C•B vibra• 
6.9 1449 strona tion of -ou3(-cfae cu3) or 

broad skoltal Vibration due to C•C 
stretchiDG t71thin tho r~ 

7.21 1387 Uoalt •C•O stretch of phenol ~ or 
symmetrical bending vibration 
ot -cu,< cfo en,) . 

7.95 .1285 Sharp C•O otrotcbing Yibration·of 
StroDS phenol 

8.21 1218 \7oalt c-o stretching vibration of 
8.66 1155 tledium phonol and alec due to 

aa-omatico 

9.31 1074 fJooJt Iaplane bonding vibration of 
c-H of aromatics 

13.9 719 · Ilodium out of plane bending of tho 
riDS C-H bonds of po~nucloazo 
aromatics 
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The above spectral data reveal the presonco of follo~ 

four groups 1D the pigment molooulet 

(1) Alkyl group s 

fhe alkyl aroups (R) belonging to tho normal paraffins 

predominate tho spectrum. Thoir presence ls 1nd1c.ate4 

from the atrona 1ntenoo peaks at 2924, 2857, 1473M1449 

and \10e.k peak at 1381 c~t1 • 

(11) Carbonrl group a 

~ho oarboD¥1 aroup ( ceo) is indicated b7 the otronr.: 

peak at 1701 and a t1ealt poak at 1621 om-1• 

(iii)Phenolio hydroxyl group a 

The qclroql ( •OH) group is indicated by the poako _, 
·)448-3378, 1387, 1285 and 1218 em • 

(tv) Aromatic rtngo a 

The aromatic ringo nro indicatod by tho poakn at _, 
·147)-1449, 1285, 1155, 1074 an4 719 CD • !ho poak at _, 
719 cc sho~s tbe prooonce of polynuclear aromatic oyotam 

.in the molecule. 

(111)Nuoloar magnetic resonance spectrum a 

The spectrum taken in doutoro-acotono is ehoan 1n Ptg.1.). 

fho sraphlaloo shoos tho integration of protons in the 

moloculo. The position of tho peaks and their sign1t1canoo 

is givon in tablo 1.3. 
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No. 

1. 

2. 

J. 

4· 

'· 

6 • 

1'1 

;able 1,J 

The position ot peaks in the NMR apeotruma 
the groups and the protons associated with 
oaoh of the peak 

SS.Snal NatUre ot the peak 
,eoa1t1on 1n and tbe group 
r~lr associated With it Number ot protoll8 

1 9 I Probably due to 

1.35 I a.65 I grease used in -
I the 1nslrument 

2.87 7.13 Singlet most promi• The integration 
nent peak. It is shows the max~JDUJa 
due to anthraceD! number of protons, 
or anthra quinqne and these are preaent 

.·htethyl in the same chemioal 
enY:I.ronment 

).44 I 6.561 Doublet clue to The protons aasooia• 

I phenolic ted with phenols 1n 
4.27 5.731 OH ~upa the molecule are 

much less oomparecl 
to thoae of benzylic 
protona 

. 7.14 2.26 Aroma~ic r1Da The protons are least 
proton• showing that moat of 

the positions tn'the 
molecules are 
substituted 
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FIG 1.3.NMR SPECTRU M OF PURIFIED PIGMENT IN DEUTERO ACETONE 

------~~-~~~-~-------------

11g. 1.) Nuclear magnetic r••onanc• spectrum 
of the pure pigment. The peaks 1 • 2 
and ) are due to aromatic, phenolic e.nd 
beuylic groups~s~~t;vely. 
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fbe NllR spectrum is simple indicating that tho molecule 

is symmetrical. Thero aro threo Ina3or peaks. fboso aro 

e.t1' 2.26 0 5.7)-6.56 and. 7.13. These peaks represent the 

aromatic rings• phenolic ~~oxyl groupo and tho mot~l 

groups 3oinod .to tho benzeno rinse IBilverotoin and 

Baeolor, 1967, n,or, 1969) roopoctively. The most 

prominent peak in t1hole ot tho spectrum io clue to aromatic 

methyls. (Ptg. t.)). tho iht,e~cation that is number of 

protons associated ~ith these three groups (Fig. 1.3) 

sho~ that tho aromatic protono (~2.26) aro tho loaat 

and aro two in number only, tho protons associated TJith 

the b3droxyl group tr5.73•6.56) are four l'1h11e the maximum 

number ot protons arc associated ttith the aromatic methyl 

groups (1"7.1.3). The pealt at CJ'7.1l is a singlet indicatiDG 

that the chemical environment of tho methyl groupo is tho 

same, TJbile lo~ numbor of aromatic protons indicate that 

the molecule is substituted at all places e:xoopt the t\1o. 

(iv)Uass Spectrum t 

The mass spectrum of the pigment \$S run ·at 200°c. ttaso 

·upon char&o valves of the different ions along Tlith their 

rolativo percentage abundance valves are given in 

table 1.4. The ctiagramattc representation of these 

valvos are given 1n Pig. 1.4. 

Tho most oharactor1st1o teaturo of tho spectrum is tho 

appearance of ions ovon after the molecular ion peak ~hich 
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is at 279. The significant peaks which reveal the stru.cture 

ot the molecule are at m/e 167, 149 and 121. 

fhe mass spect~ shows that the pigment molecule is a 

dimer, molecular ion peak appears at 219, the molecular 

weight 1s 279 x 2 that ia 558. That molecule is a quinone 

is established mass/charge peaka at 149 and 121. ~he valYe 

represent the fragment formed after the lose of carbon• 

mono oxide molecule (molecular weight 28) ~rom the fragment 

having m/e yalv• 149. ~he positive ~on at m/e 149 :I.e torme4 

from 167 after the loss ot a molecule of water (molecular 

(weight 18). (Bude1k1ewicl et al, 1967, Beynon and 

Williams, 1960). 
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Tal>lo _ !ti 

4lho mass upon charso (m/o) and the Hlativo 
percentage abundance of the ions obta1no4 
rrom tho mass spoct~ of purified pigment 

Length ot %o.buncl- Lol13th of· ~ abund:• 
'CJ/o peak anco m/o pock anco 

in em in em 

17 2.2 6.6 82 2.) 619 
18 '·' 19.5 83 7.5 22.5 
27 ).5 10.5 84 2.'7 8.1 
28 1.5 4.5 85 1.7 5.1 
29 16.5 49.5 91 1.2 ).8 
39 2.8 8.4 9) 2.2 6.6 
41 23.5 79.5 94 0.7 2.1 

t~ 6.0 18.0 95 1.7 5.1 
27.5 82.5 96 o•a 2.4 

44 1.) 3.9 97 2.4 1.0 
50 o.8 2.4 98 0.1 2.1 
53 1.6 4.8 99 o.1 2.1 
54 1.5 4·5 'al4 5.3 16.9 
55 18.0 5.4 105 ).0 g.o 
56 8.0 24.0 107 0.7 2~1 
57 )).5 100 109 1.2 ).8 
58 1.9 5.7 111 1.0 8.1 
60 1.0 ).0 112 , . ., 8.1 
65 '·' 10.5 11.3 5.5 16.5 
67 2.4 7.2 121 2.6 7.8 
68 1.4 4.2 122 1 • .3 3.9 
69 g.o 27.0 12.3 0.1 2.1 
70 15.0 45.0 128 o.8 2.4 
71 16.0 48.0 129 1.0 3.0 
72 1.2 3.8 132 1.8 5.4 
7.3 1.2 ).8 149 27.0 81.0 
76 3.5 10.5 150 6.0 18.0 
11 2.0 6.0 167 11.5 34·5 
79 1.5 4.5 168 1.2 ).8 
81 2.4 7-.2 279 .. , ~3.5 

280 o.a 2·4 
281 0.2 o.6 

--/hP!/S 
285 0.4 1.2 

6'91·1o 7 
kSJ. ~ 

/yl: 
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(v) Jluoresconco spectrum a 

The data of fluoroscenco spectrum of the purified 

pigment 1n acetone ls given 1n Table 1. 5 

t'lavo 

1e.ble 1.5 

Pluoroooonco am1osion ot the pigment in 
aootono e.t ditforont nave lengths 

Fluoros• \1ave Pluores• \7avo 
length oonco longth cence length 
nm omission IUD emission IUD 

492 o.o4 580 0.04 642 

496 0.04 592 o.o6 647 

502 o.o4 596 o.oa 653 

501 o.o4 602 0.12 658 

513 0.04 608 0.14 669 

518 0.04 614 0.15 680 

524 0.04 618 0.16 692 

534 0.04 624 0.16 692 

546 0.04 6)0 o,14 ·114 

555 0.04 6)6 0.12 724 

568 0.04 

Fluoros-
co nco 
emission 

0.12 

0~12 

0.12 

0~12 

0~10 

0~08 

0~08 

0~08 

o:o6 
0.04 

fho fluorescence omission data 1n the table 1.5 

sho\"Js that tho pigment tluoreeconco 1n the red part 

(~ 618) of the spectrum. This suggests molecule oontaino 

a polJnucloar aromatic system (Booker, 1969). 
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DISCUSS IOU 

U!tra-voilet visible spectrum a 

The absorption of tho uv-vtsiblo light 1n the road1]¥ 

accessible portion 20Q-T50 Dm of a spectrophotometer dependo 

on tho electronic structure of a molecule. Only those 

conauaatod systems 11hich can havo elec'lronic transitiona 

from n to 7ffr and or n to?and or 1f to 1T•m11 absorb in this 

rogton of the spectrum. fhe electronic transitions involving 

the non•b6ndin6 n electrons to the antibon41ns 7rorbital aro 

associated nith least energy and arc absorbed at the lover 

uavo length vi£• in the ultra-voilet region. Tho ener&J 

required by tno n to sigma star or~ital is the highest and 

tho absorption occurs in the longer w.ave length or visible 

region of the opectrum. The pi to pi ctar transitiono 

require intermediate energy and tb.uo havo abcorption in 

betoeen tho ultrn•voilet and tho visible region (DYor. 1969a 

Silvorstoin and Bassler• 1967). 

A lone bonsono ring shows tho maximum absorption at 

184 nm and as the number of rings increase the absorption 

band shif'to to tho longer 11avo lengtha viz. anthracene 11ith 

three rings absorb at 256 nm. The pure aromatic b7drocarbone 

involve pi to pi ota.r transitions, and if a carboD3'l group 

( ceo) is preoont 1n the moloculoa an intense absorption 

band is observed between 200·250 nm. This ls due to 
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electronic transitions n to pi star. These transitions are 

due to the non-bonding electrons of oxygen: atom. The 

substitution of alkyl group in the benzene ring shifts the 

absorption to the longer w~ve length. The absorption occurs 

in the visible region of the spectrum when a compound contains 

hydroxyl groups. This is due to fact that the non bonding 

electrons of oxygen facilitate the pi to pi star transitions 

of the benzene rings. The shift in the.visible region 

increases with the increase in the hydroxyl groups; and the 

~-hydroxyl have more pronounced effect than the '-hydroxyle. 

It must, however, be mentioned that in the case of 

complex molecules the overlapping of the absorption bands 

is bound to occur. This overlapping of bands makes the 

interpretation of the spectrum difficult, thus it is customar.y 

to compare the spectrum of the unknown compound with that of 

the known. 

The uv•visible spectrum of the pigment of B.intermedium 

shows absorption bands at 225, ))0, 480-490, 540 and 580 nm 

(Fig. 1.1, table 1.1). The max~um absorption is at 225 nm. 

In the light of the above discussion, the band at 225 is due 

to presence of carbonyl group, while 330 band is the benzenoid 

band and the absorption in the visible regions are due to 

hydroxyl groups. 
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Q6llar•o (1962) and later sovanant (196&) sho~od that tho 

pigment of B. undulans resombleo hypericin. Hypericin is a 

plant pigment belonging to the i:•SJ.~ Cuttifera.e. Both tho 

pigments wore sho~ to have broadlJ the same uv-v1s1blo 

absorption spectra and gave nearlJ the same spectral shlfts 

~hen treated oith different roagonto. Prom analogy oith 

hypericin, which hao the mesonaphthodianthrone structure, a 

similar structure was given to the Blopharisma undule.n'o 

pigment. 

~he uv-v1s1ble absorp~1on spectrum of B. undulana in 

alcohols shoved the band e..t 3301 490, 540 end 580 Dm (Sevano.nt, 

1965). Those peak positions are similar to those of p~nt 

ot B. intermo41um (Fig. 1.1). This means then that tho 

pigments of tt7o blepharisma spoo1es are simllar, 1n their 
~ 

basic structuro • 

Infra-red spectrum a 

A molecule is constantlJ vibrating and its bonds aro 

al~s stretching or contracting and bending with respect 

to each other. Those normal vibrations are affected Uhon 

tho molecule is sub3eotod to intra-rod radiations, and tho 

infra-rod bands appear at ~efinito frequency or ~ve numbor. 

Tho position ot these bands is characteristic of the nature 

of groups present 1n tho molecule. ':rhus the alkanes ohott 

i) 

The spectral ehitt etud1os nith tho pigment of B. tntermedium 
could not bo done in thlo labora.toey, 4ue to the non• 
availability ot ~per1c1n. 
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c-H strotohing aboorption bands in tho region of ),000•2;840 

cm·1 ().) • le51U) and C•H bendtng vibrations at 1'50-t470 cm·1• 

The saturated hydrocarbons containing the methyl groups shOtT 

t~o distinct bands in ).J • 3.5 rcaion, and thoco.tno banda 

are intensified ~th tho tncroaso 1D the number of methyl 

groups. The polynuclear aromatics show the charactoristf.o 

absorption in throo rogionsa out ot tmlch tho out ot plane 

bonding vibrations at 900·675 om·1(11.11 - 14.81 ~) arc tho 

moot important. Tho othor tt7o vibrations are in tho regiona 

1300•1100 cm·1 .cr.? to 10 ~)J and 1600•1585 cm·1 (6.25-6.31 ~), 

1500-1400 om·1 (6.67•7 .141U).. 1300·1100 cm·1 are tho in plano _, 
bondina of tho r1116 c-H bondsa \7horeas 1600.1585 om and 

·1 1500.1400 em aro tho C•H o1irotch1Jlg vibrations t71.th1n tho 

riDs • fho c-o otrotohing vibration of a carboD¥1 group 
. _, 

appear as a strong band at 1B70e1540 om (5.35 • 6.50 p.). 

The charaotoristf.c banda tor phonolo aro duo to tho 0-H 

strotching,C-0 stretchiDg and O•R bonding vibrations. Froo 

-o-B strotching vibratlono appear at 3650•3590 cm-1(2.74·2·7~)1 

tho c-o strotohina vibration produce a sharp stroua band in 
\ 

the 1260•1000 cm·1 (7.9l-10.0N.). ~ho o-B bend1Ds vibrations 

aro ot little diagnootic valuo. 

In the light ot above diooussion tho piGment of B.intomed.lum 

has throe functional groups present on a polynuoloar otructuro. 
•1 _, . _, 

The aromatic vibrations are at 1074 em 1155 em and '71qcm • 

The vibrations at 719cm·1 indicate the polynuclear nature of 
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· ·tho strttoture. ~he three functional sroups are normal allql, 

oarboJl¥1 and phenolic sroups. Tho alkyl group predominate tho 

speotrwna and this is evident from the sharp strong bands at 

2924 cm·1 • 2857 cm·1• 1473•1449 cm·1• The oarbo~l group is 

·1 represented by the sharp strong absorption band at 1701 em 

-1 and a t10ak band at 1621 em , Tho phenolic groups are ropreoontod. 

b7 the Vibrations 3448-33?8 cm·1, 1387 cm·1, 1285 cm·1 and 

1218 nm·1 tho vibrationo 1285 cm·1 are the most conolusivo. As 

~ho pigment molecule is complex, the overlapping of bands of 

different groups is bound to be thoro. 

Although the intra•rod spectroscopy is used 1n f:l.nding tho 

different groups present in a molcculo, its chief application 

is in finding the carbon,yl 3J'OUP• tho carboJl¥1 absorption of 

•1 p•benzoqu1nono fallo at 1669 em (in solution) and ao the 

number of linear fused fings increase the absorption frequency 

•1 increases, thus 9, 10 anthraquinone absorbs at 1678 em 

(Thomson, 1971). The oarb6uYl absorption tor B. undulans is at 1740 
1710 cm-1-

cn;i't.1 and for hyporicirl (Sovanant , 1965>. and that ot B.1ntormo41um .. , 
is· at 1701 em , this onoo again reflects Sa¥s1m1larity in 

these throe pigments. A~thoUGh the oarbOnJ'l frequency of 

hypericin and B.undule.ns pigments do not differ much, Sevanant, 

1965 found significant dlfterencos at all positions of carbon 

to b14rogon response. 

Nuclear magnetic resonance spoatrum a 

fhe nuclei of certain atoms spin and dovolop ohargo as 

a result they behave like ti~ bar maanets. The nucleus nhich 
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is referred to in tho .NllR spectroscopy i.e the hydrogen 

proton, that is tho hydrogen atom, atomic t:oight one. Por 

taking the NUR spectrum the compound having protons is 

sub~ected to an extornal masnetic field at constant re.dJ.ation 

:frequency. ~ho magnetic field stronsth is varied, the protona 

depending upon their nature absorb radiation at definite 

magnetic field stre114th and give signals. This results in 

NHR spectrum 1n nhich number of signals of different 1ntons1t,v 

and different field strength arc recorded, 

The nu=bor of s1snals in the NUR spectrum reveal tho 

different 'kind• or •type' of protons present in the molecule. 

The protons \"11th the same environment aboorb at the same 

field strength ~hile tho protons ~th different environment 

absorb at different field strength. ~his moans that one can 

toll ho~ manr sets of equivalent protons are there in tho 

molecule. 

The position at Which the signal appears or the chemical 

shift value of a proton reflects its nat~e viz. ~hether it 

1s aliphatic• aromatic, bonzylio, phonolic etc. tho ohem!oal 

shift values are express eel t'ither in delta ( f ) or in tau ('7') 

scale. In the delta value the signal tor totra•metb3'ls1lane. 

the reference compound is taken as zero, where as it is taken 

as 10 on the tau scale, 1.e.'1' e 10-o • The difforonco in the 

chemical shifts of d1:tferont protons is duo to tho oh1el41ng 

and deaMDlding ottocte of the electrons of the aroups to 
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obioh they bolona. Tho alhano protono arc oh1olclo4 ma:d.mul!l 

and o.ppoar in tho h16h mtlllftot1c tiold otroneth, tlhoreac 

aromatic protono arc loco oh1oldo4 and appear at tho loo 

oaanotio flold otronath. Tho ~vnlont protcmo ho.vo tho 

como cbomioal shUt vnluos. 1'ho aromatic protontJ (Ar-B) 

nboorb at'1" 1.5-4 1 tho bona.vllc protons (Ar-C•ll) aboorbo 

botnoon r( 1•1.8 AD4 tho phonolJ.c protono (Ar-0-H) absorb 

bot~oon~-2 to 6 • (D,ror 1969, Sllvorotdn, 1961). 

~he rolo.tivo 1ntono1t ies ~ ot tliannls ao indicatod i'roo 

tho slao of tho absorption poo.ko, ie 41r~tl7 p!'oportional 

to tho number of protono giving noc to tha.t signal.. fho 

number of protoAD wutor each pollk 1o moast.lro4 from tho peak 

c.roa. Tho ponb: area ls moaaurotl b7 an oleotronlo 1ntoarator0 

and 1e al\'1a70 eho-an on tho creph aloDG \11th tho nmr olgnalo. 

1'ho mm opootrum of tho p1gmont of B.1ntormo4ium lo oxtromol.l' 

oiDplo, lnd1co.tint; that tho molocalo 1e symmotrical. Tho 

throe o1l;nBlo o.t valuoo'T'2.2G, 5.?.3-6.56 and 1.13 roprooontina 

nromatio, phonollc nod bone7l1o protons roopoct1volJ. !ho 

otane.lo nt valuoo 9 cncl 8 .65 GrO iopuri tioo probnbJ.¥ duo to 

tho groaoo. This atJoumpt1on lo bneo4 upon tho tact that tho 

o.l1phat1c allql aroupo bavo noithor boon oont1:rmo4 b7 the lnfra­

rocl opoctrum nor do thoy fit 1n tho nmr end tho final 

otructuro clorivod attor tho compiiotlon ot all tho opoctral 

data. tho lntoaratlon of tho protons sho~ the prooonco ot 

loa&n number ot a.romo.tic protono 0 \1h1ch e.ro tt'lo onl,v. Thio 1a 
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follo~ed b7 the phenolic protons ~hich are tour in number. 

Rost all the protons are contributed by the benzylic aroupj, 

As there is einalot at 'Y7 .l 3. thle moano all tho bona;llc 

protons havo the sm&le environment. Tho value 7.23 1tJ 

characteristic of nlpha mot~l sroupe bolongina to antbraoono 

or anthraquinone oompouDdo (~ehandalo ot al, 1968), thio 

means then that pigmont molecule also ha.o number ot methyl 

groups, but T1h1cb may not bo at the a( position. 

Uass spectrum a 

Tho mass opoct:rum tolls tho mass or molecular tteiaht 

ot a molecule. In the mass spectrophotometer compound is 

bombarded aith onergotio electrons as a result tho molecules 

breaks into ~ traaments ohioh are highly characteristic 

o~ tho original molecule. ~hese fragments aro mostly 

positivolJ charged ions but a te~ are neutral traamonts. 

Each fragment hao a definite mass/charge (m/o) value. Tho 

ions aro univalent and m/o value gives the maos ot tho ion. 

The fragmento have different intensity depending ~pon their 

relative abundance. !rho peak or fragment vith the highest 

intensity io called tho bnoo poak and its value is takon as 

100, and the 1ntons1t1oo ot other peaks are expressed 

rolativo ~o the base peak. The peak at the hiGhest mass upon 

charge value is the mol ocular ion (ll+) poak and givos tho 

molecular oo1ght of. tho molecule. A 41mor molecule when put 



1n tho mass spectrometer breaks and gives the molecular ion 

for the monomer only. The molecular weight is calculated by 

multiplying thio molecular ion value by too. 

Tho maos spectrum of tho pi8Dlont of B<-1ntormod1um sboas 

the molecule to be dimerc the molecular ton peak of monomer is 

at 279, therefore, the molecular ae1ght of the molecule io 

279%2 • 558. Tho insight into the structure of the molecule 

is provided by tho throe peaks at m/o values of 16?, 149 atld 

121. The peak 149 represents the loss of one molecule of oator 

(molecular ne1ght 18) tram 167J vneroao 121 roprosonta tho loeo 

of one molecule of oarbon-mono•oaldo (molecular ~eight 28) from 

149. Tho loss of one or tl10 molecules of oarbon-mono•oxido 

is characteristic ot a quinone structure (8Udaiklott1cs et al, 

1967), thorotoro, it confirms that the pigment molecule 1o 

quinone. 

Pluorosoenoo spectrum t 

Fluorosconco is the emission of radiations by an exc1to4 

moloculos. 'l'he molecule booomes oxcited by absorbing the energ 

given trom the external source. ~ho emission ot fluorosconco 

reflects the gtructure of the molecule. thua bonzoao omito 

tluoreeoonco in the ultra-vo1lot (270 nm) rogion and as tho 

number of rings increase the emission shifts to the lonaor ~~o 

length' thus anthracene \71th three rinc;s omits in tho bluo and 

pentaoone Tlith fivo r1nas omits in the rod region of tho 

spectrum (Bockor, 1969). The preeenoe of alkyl and bTdroxyl 
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groups also shift the emission to tho longer oqyo lonsth. 

Tho pigment ot B•intermodium sivos tluorosconco omission 

at 618 nm, the rod region of the spectrum (Table 1.5}. Tho 

omission in the red region shows that tho molecule is a poll-

nuclear aromatic compoUD4.· fho pigment of B-undulano an4 

b1Pericin also omit fluorosconco in tho red regi~n (Sovanant, 

1965), this means that there is etmilarity in tho structures of 

pigments of two Blopharisma species, and that both have 

structural similarity oith hypericin. 

SmnmSrig up all the above spectral data, the structure 
0 

possible tor the pigment of '8lepbtu"1sma intermedium iea 

This structure tits in all the e.bovo spectral data that is, 

(1) it is dimer having molecular f'IOight 558• 

(ii) It has ttto aromatic, four phenolic and 24 benzylic 

protons. The bena;rlic protons he.vo the same environment 

and thus give a singlet at 7.1) in tho NOR ~octrum. 

(111) The 1ntra•red spectrum data of throe sroups alkyl, 

hydroxyl and the ce.rbo!J31 fit in it and final.l;r 

(iv) Who basic otructure as given b7 the ultra•Yiolot 

absorption spectrum resembling hypericin fits in tho 

above structure. 

The molecular formula from above data iD (c18n,~
03)2 l.o. 

the structUre proposed c36a30o6• 

ogivon on next pago 
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.--~c 

OH 0 ' OH 

Proposed Structure_ Qf B.intermi.~dium pi~ment 
' 

0 

HO OH 

HO R 

'BO R. 

-. 
' HO OH 

0 
' 1 • - •• : 

'Proposed Str..tctu:re of B.undulanEi· pigment(Se.va.nant,1965) 
' . . . .. 
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4) 

The structure tor B•undulana as atvon by Sovanant (1965)isa 

Thlo structure 1o 41fforont trom the st:ructure of 

B-1ntorme41um pigment found 1n th1o laboratory in tho follo\"111'18. 

rospeota t 

(1) It hao mosonaphthcdiantbrono etructure, ttheroas 

tho our proposed structure belongs to helianthrono 

and bas a protohyporioin nucleus rather than the 

bJper1o1n nucleus. 

(2) The number of aromatic and h,fdroX¥1 protons in tho 

B•undulans pigments aro four and six raspaotivol7 

tthereas they are too and tour raspectivol.7 1n the 

pigment of B•1nterme41ua. 

(3) The number of al.lql groups are tt70 1n the B-undulano 

Tlheroao they are tour in tho pigment of B•intermo41um. 

Tho nature of R has not boon given in tho B-undulans 

pigment tthoreao it has been ostabliohod as methyl in 

B•intermodium. 

Future experiments : 

Ij; ttill reall7 be worth•tthile to confirm tho structure 

of pigment of B-intor.modium b7 its synthesis tram its two 

baaic 2,3,6,7 totr~ methyl anthranol units. 
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SUJOIARY 

!he structure elucidation of the p1pent of B-1nte1'ftled1wn 

using epectroacoplo techniques reveal the following aaJent 

features 1 

1. !be pigiHnt molecule is a 4imer and has pro~oh3'Perio11l 

aa its basic structure. 

2. The molecular weight 1a 554 and the molecular formula 

1• c36HlrP6 • 

3. !he sroupe present are the met~l. the b¥droql ancl 

the carbo!\fl• 
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IftRODUC!IOI 

Aa established from the apeotroaoopic studies the colour 

of the pigment of B.intvmedium 1a 4~• to a 41merio pol.7o7olio 

gutnone,torme4 from two anthraquinone derivatiTe unita. 

In the animal kinadom, the quinones, exoeptib& ubiquinone• 

and vitamin K group quinonea, are preseftt aalnly ill the p)Q'la 

ArthrOpoda, Echinodermata and to a much lesser extent 1n 

C1U.ata and .Annelida (!homos, 197.1). Stru.ctural17 the 

quinone pipente in these p~la Yary from the simpleat 

benzoqUinone derivative• to highl1 'ondenaed po1Joycl1o 

exten4•d 'l'linonea. All the pigments are para quinonea 

except annelida which are ortho qutnonee (Prota !1 !6,1971). 

The ctmpleri benzoquinone der1Tat1'Ye pigments are present in 

pbrlum Arthropoda, orde~ Xnsecta. D1plopoda and Araobin14a 

(Weatheraton, 1967t Eatablu .!1 !!• 1955). !!!he napthaqutnonee 

and the Anthraquinones in the p~la Arthropoda and 

Ehinodermata tom w•ll defined, atru.oturall,f 81m1le.r 

pigment• which are known bJ the definite aamea vis the 

Eobinodem Aaphtbaquinone and anthraquinone . ..;,tgmenta are 

called the •sphinochrome•' (Gough and Sutherland, 19641 

Moore .!1 .1!,1 1966a Matb1esoll and ThOJaoa, 1971 ) 8.114 

'Rhodo-Coma:tu.UJUl' reapeotively (Dimlow-• 1958, Powell and 

su.therlarut. 1i67). fhe DaJthaqu1Zlone pigments ot pb,tlum Arth­

ropoda are known. aa 'Apbil:le'(Cameron 1£ Lord ~odcl, 1967) and the 

anthraquinone pigments all haTe the basic etru.cture unit 
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boloagina to deoxyorythrOlacoin (Gad&il !!. Ja• 1968; 

Pandharo .21 J!!, 1966, 1967, 1969; llohandalo!!. .!l• 1968a 

Yates .!!. !.!• 1964a Bhide .2!, !!• 196S) ·The 

polycyclic quinonoo rosomblins hypericin are present in 

ciliates, Stentor niger, stentor coeruleuo (Barbier 5!!. !:! • 

1956J ~llor, 1962). in 3urass1c crinoidea Ap~rinus 

(Blumer, 1968) and 1n t~o Australian pseudo coccido (Banks 

.21.!1· 1976). 

Tho quinone pigments aro secondar.v motaboic products 

and arc formed either from acetate malonate path~ 

(Richardson and Hendrickson, 1964) or from shikimic acid 

path~ (Sprinpon, 1960) or from both. But in spite of tho 

advancement in chemical knottlodge of the sooohromeo since 

1960, ver,r little uork hac been dono about tho biosynthesis. 

~ a time the predictions havo been made about tho path~aJ 

uithout ~ exporimontal evidences. The only experimental 

oork tor the biosYDthesis of simple quinones is that of 

Ueinuald !!!!- (1966). He found tho existence of both tho 

pathn~o in tonebrionid beetle, Eleodes lengicollis by 

feeding 14clsotopoo precursors ot both the pathtTB¥0• In 

tho lac insect (oocc1dne) pigments nhich have amino acid 

residue, tho old.stenco of both tho path\"JaYB has been 

auggestedJ the amino acid residue coming from the shikimic 

acid route tihilo the anthraquinone structure from ncotato­

malcnato pathfJB.Y• The spino•chrOmea aoom to be formed trom 



acetate pathnay. fhe experimental ovidonco tor this lo tho 

incorporation of,labo~od aootate in 6 ot~l • 2,),7 t~~ 

dronaphtlwlar1n b;r Arabe.cia pustulosa (Salaque !1 !!• 1967). 

!ltero aro also indications (Sutherland, 1969) that 

rhodocomat~lin p16ments are tor.med from acetate path~. 

In contract to tho sooohromos tho pigments in plants 

have been studied extensive~ from the bioQYnthotic anglo. 

As the Blopha.rismin is an anthraquinone derivative tho planto 

vhich have anthraquinone ptgmonto have been considered tor 

tho present study. Tho anthra.quinonos are tho largoot group 

prooent in tho plants. They aro present 1n fungi, lichen, 

and in higher plants. In moulds tho;r are prosont in lt.epora111uo 

and Pon1c1111um opooicc (Shibata, 19671 Bu•Lock and Sm1th,1968). 

In bitthor plants thoy arc present maximum in famil¥ Rubiaceao 

(Burnett and Thomson, 1968) and to a lessor extent in Rhamnacoae. 

Loguminosao,Polygonaceao, Bignoniaceae, Vorbenacoao, 

Scrophulariaooao and L111aaoao. In planto biosyntheticallY, 

it has been found out through labelling cxpertmento that tho 

quinonoo having emodin like structure originate via acetate 

malonate path't:1q (Birch and Donovan, 195Ja 19551 Birch s1 al 

1958t Gatenbock, 1958a 1960; 1962a Shibata and lkeka~1 196)) 

t7h1le the anthraquinone of tho alizarin and purpurin typo aro 

tormecl involving both tho ahikf.mio acid and acetate pathtra;Ys. 

Burnett and Thomson. (1968a 1967) Leistner and Zonk, (1968; 

1967) have found out turthor that the shikimic acid contributo 
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ono bensono ring and halt of the carbonyl group of the 

qutftono dbile tho rest of the molooule is formed from the 

e.oetato units. 

In the present stu~ of biosynthesis of Blophartstmin 

four dit~erent napoo\s ~ore takons 

(1) Gone•piamont relationahip a 

fhis o.opoct ooo undertaken to see if the pigment 

to fomod during tho protein synthesis. fho 

:l.nhtbitors of DliA, mRNA and protoin oynthoo:l.o t1oro 

uood and the pigment formation in the laborator,J 

sonorated albino Blop~smaa ~o studied. 

(ii) Carboh,Jdrato metabolism and the pigment tomat1on a 

the otuq on this o.opoot t1as undertaken to soo 

if tho pigment io a metabolic product, tor.mod by tho 

sooondar.y reactions. Uotabolio inhibitors blockinG 

specific reaction stops ot the metabolism oore uaod 

and tho pigments formation in tho albino Blophariomao 

muJ moa.ou.red •. the role of carbohydrate in the pigment 

formation ~0 confirmed by 14c alucooo feeding 

oxper1mento. 

(111) Acotnto path~ and the pigment formation 1 

Tho quinone pigments havo boon knOtm to bo formed 

by acotato malonate path~ay, involvina acotato unito. 

iho study oao cerriod out to see if the acotate hes 

61.f8 rolo in the pigments biocynthosis. For this tho 

animals voro fod vitb radioectivo aodium acotato and 

the incorporation of the label uaa moaaurod in tho 
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pigment. at'ter it wae purified chromatographically. 

(1v) Sh1km1o acid pathw~ and the pigment formation t 

In certain plants and bacteria and the quinones 

are formed involving sh~c acid aa a precursor. 

This aapeot was considered to see the role of the 

precursor 1n forming the Blepharisme.pigment. The 

enzyme ahikmate reductase which forms the ehikmio 

acid waa aesqed; and the pigment formation was 

studied after blocking apeoit1cal11 tho above enz,me. 
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11AfBRIAL3 

Pigmen~e4 an4 albino Blepharisima intermedium 

(Indian specie•) oon.~1tute4 the material tor the pre•ent 

etudiea. The NJ.i18&la were cultured at 25! 3°0 in dark 

in hay mediwa fortified wit.h 'Horl1cks' milk a• 

described earlies- in Chapter I. 

The chemicals u:ed and their sources were a 

Acetone, nickel chloride, ethyl ether, eodiumbJdrox14e, · 

sodium fluoride, toluene and tr1ohloroacet1o from the 

Br1t1ah Drug House. 

StreptODJI'Oin, b74l'oqurea, Aot1noDJ¥o1n D, cycloheXimide, 

retampioin, 1odoaoet1c acid., 1odo-aoetam14e, 2·4 

Dird.trophenol, BA:OP, gl7oine1 ehikimlo ac14, eodlwn 

aa14e, PPO, POPOP were trom Sigma. Chemicals (USA). 

3a ThJmldine, 14c uridine, 14a isoleucine, 14c leucine, 
1 ~c(V) glucose and 14c(U) aOd.ium acetate wen from the 

Bhabha Atomi.:s Research Centre, !Prombay. 

Nekl Delhi. 
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1M BODS 

(1) General 

(l) Dc•pigmen~ation ot the rod Blopharistma 1 

!ho rod Blepharieima wore de•pigmented by immersing 

tho oentrifuao4 animals tor 30 seconds in a boakor 

maintained at -2° to •)°C as suggested by Giese an4 

Gra1naor, 1970. fho albinos wore quickly brought 

to the room temperat\ll'G by immeraiDg the tube \'11th 

the animals in another beaker maintained at 35° to 

40°0 tor a to~ minutes (5-6 minutes}. The pigment 

oxtnct tms removed from animals by throe suocossivo 

~ehings uith 41st1llated ~ater or uith treahlf 

prepared bq medium, and oontrltusi.ng overytimo to 

romovo tho supernatant. 

( 11) noasuroment of pigment concentration 1 

fho pigment from the animals nao 41soolve4 in acetone. 

Por 5,000 to 1,000 animals 2•) ml of aolvont vaa used. 

~e debris ~as removed by centrifugation. The optical 

density ~as taken at 340 Dm in Beckmann Spectropbotomotor. 

(111) Regeneration of the pigmen~ • 

The time taken by the albinos to got nearly the semo 

optical density at 340 nm ao that in the samo number 

ot pigmented animals before dep1gmontat1on, oas used 

as the 1ndozt tor pigment resoneratton. Por tbio equal 

number of animalo ~ero taken in tour centrifuge tuboo. 
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fhe animals 1n tho thrOe tubes \"lore made albinos. 

Tho picment from tho rod pigmented animals and 

pigment from one of tho tube hari.ns al.bino e.n' malo 

aco oztraotod ooparatolr in equal volumes of aootono 

and optical density of tho extract t1ae moaeuro4. 

The opti.cal 4ensity from the other t\"10 tubeD me 

clot'ominod after 24 and 48 hours. 

(iv) Uso of 50 'llG/ml otrept~ciJ1 in all oxporimonto s 

Tho transcriptional and translational otudioo 

carried out sho~ed that to got consistent rosulto 

(Table 2;)) one has to add stroptomyc1n. Thorotoro, 

all the experiments· conducted wore in the nutrient 

medium containing 50 'Ug/ml of stroptomycin. 

(2) Gone pigment rolc.t1os8hiR 

Tbo aonoral procedure follcmed tor all theoo otudios 

~ ao folloooa• 

(i) Finding of optimum dose of inhibitor a 

About 1,500 to 2,000 Blopharistma/ml ~ro troatod 

\71th different concentrations of the inhibitor. in a 

froohl.y prepared hay medium containing 50 tUg/ml of 

otroptomyoin. 1'he Blopbarisimas t'18re labelled af'tor 

22 hrs t71th the respective 14c rad1o-1sotopo. After 

too hours 1.o. toenty tour hours attor the treatment 

with tho inhibitor the ronction was stopped by 
. 0 

keoping tho tubes e.t 0 c. Tho an1mals \'J'Ot'e . 

centrifuged e.t 9,000 to 10,000 rpm for ton minutoo. 



fho inhibitor \7B.O removed by uashing two to throo 

ttmos t'lith tho fresh ha_r medium. The animals 11oro 

homoaoDisod in the oold and 10 porcon~ cold TCA 

added, to 6ivo tho final concentration to 5 percent. 

Tho tuboo wero kopt at e0c tor overnight for tho 

comploto precipitation of nuoloio acid and proteins. 

~he nuoloio acido and proteins ttoro filtered usinS 

milliporo filtero. The precipitate nas uashed 3 to 

4 timos nith cold 5 porcont TCA. The final waohina 

oao given ·ttith alcohol ether mixture (3t1). fhe 

dried filter papers uere taken 1n the scintillation 

vials and the counto takon in 1 IDl of toulene baso4 

scintillation fluid, containing 4 gm of PPO and 50 ma 

ot POPOP per litro of toluene, on tho liquid 

scintillation counter. 

In tho earlier ozperimonts carried out tiith 

Rtfcmpiotn and CJclohoximide no antibiotic uao addod. 

It oao found that ouch oxpor1monts did not yiold 

repeatable roeults, e.nd the concentration of the 

inhibi-tor mo also much higher to produce the dos1rod 

resulto. Tho inhibitor of DNA synthesis cas HYdroxy 

uroa. Tho concentration tried vas 2 to 8 nn, tho 

labelling me done t11th 5 ,..uci/ml 3a f~dino 

( opecit1c activity 6,100 moi/m mole). · Tho inhibitor 

used tor RITA oynthos1c ttao ActS.nomyc1n D. Tho 

concentration tried t10ro 50 and 75 'tJ8/ml. the 
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labelling cno done oith 5 ~ci/ml of Ur1dine TG 14c. The 

protein synthesis inhibitor used ~as oyclohoximido in the 

concentration lOO~ml labollina oaa done nith 14o Isoleucine 

(spocit1c activity 122 mci/m molo). All the radio-isotopes 

oore from Bhabha Atomic Roaoarch Centre. 

(11) Pigment formation with the optimum dose of inhibitor a 

Equal number (51 000 to 6 1 000) of alb.ino Blepharis1mas 

t1oro taken in two 411'feront tu.boa. The experimental antmols 

ooro treated vith optimum dooo of inhib~tor. The optical 
«> 

density of the pic;mont formed. in blank ond that in treated 

an1malo \7ao taken at )40 nm attar 24 bourn of the treatment. 

The optimum concentration of H,ydroq ureo. uaod tm.D 8 mtl1 

Act1nomyc1n D 75 us/ml and oyolohoximido 100 IU8/ml. Tho 

treatment uith inhibitor one sivon on11 once 1n o.ll cnooo 

oxcopt 1n cycloheximide oxper1ments. In this case, tho 

animals 't70ro trontod ognin attor 12 hours. This \'180 dono 

bocauoo tho poreontage 1Dhib1tion docroasod in this case 

ettor 12 houro. 

( 3) Carbohydrate eeto.bolioim c.nd tho p1eent formation 

Tho general procedure tor all tho oxporlmonto ttao tho 

same. that S.o equal numbor of (5 1000 to a.ooo) albino 

Blopharisme. in hay medium r~ero tBkon 11'1 different tubes. 

All oxporimento had 50 ~/ml ot otroptomyo1n. Exoopt 1n 

tho blcnkl different concentrat1ono of inhibitor f!Ore given 

tt 
Blank oherovor :· 1 montionod. otando for the control. 



to tho albinoo. fhe optical density of the pigment of tho 

blank as uoll as those of experimental one was taken attor 

24 hours at .340 nm. 

Tho inhibitors uood t1ore iodo-acetic acid 0.1 to 0.6 mtts 

Iodo-aootmnWc 0.02 to 0.04 mil; sodium fluoride 2 to 10 mill 

sodium aside 0.1 to 0.9 mila 2,4, Dinitrophenol 0 •. 01 to 

0.19 mtl and fine.ll.T nickel chloride in tho concentration 

rango of 0.1 to 4 mtt. 

(4) 4cotato pathp!Y an~ tho Pigment formation 

!ho acetate pathwaJ nas studied thrOUGh toedtns oxperi• 

menta m:th 14c labelled alucoso and 
14c laboUod sodium 

acetate. The general proood.uro followed \7a.S na tollooa t 

Tho animals nero fed oith tho labollod compound, ohich 

tJaS added in the culture medium containing 50 'UlS/ml of 

ctroptomyc1n. After specified time 'be ardmals wore killed 

and the pigment oztraotod in acetone. 

!ho plament \7tl£J purified chroma.tographically, on 

Kieoelgubr papor us1rlg 88 percent aoetono, 10 percent 

otbylethor and 2 porcont water ao the dovoloping solvent 

qotem (Sovonant 1965). fbo papor Tlith the rod band of 

pigment m~.c cut and tho incorporation ot label mea.eurod in 

1 ml of toulonesc1nttllat1on fluid on liquid scintillation 

count or. 



The experiments dono UDder this nerea 

(1) Glucose feediag o;npor1mento a 

(a) Incorporation of labol 1n tho pigment 1 

About 400/ml of albino Blepharisimas voro fed uith 

o.os .uc1/ml. of un1tol'ml3 labelled 14c glucose (specific 

activity 175 mci/m mole) 1n nutrient medium containina 

50 -ua/ml of strop'tOJD7c1n. The animals oere k1llocl, 

pisment oxtradtocl and purified ao por method givon 

above and tho counto taken after 48 hours ot toedtng. 

(b) 500 /ml of albinos \70re fo4 \71th 0.05 .uoi/ml of 

glucooo and the incorporation in the pigment nao 

moe.surod attor 12,241 36 and 48 hours. 

(c) Equal number (about 1 ,000) of albta.os and pigmented 

animals nero fed oith o.125~ci/ml ot glucose. !he 

incorporation mo measured in ptament after 2, 4 and 

6 hours of feeding. 

(11) Sodium e.cotato feedinG experiments 1 

Tho oxperimonto dono ooro: 

(i) Effect of' sodium aootato on pigment tormati011 a 

Equal number of albinos (about 10,000) uore taken 

and treated atth different concentration of sodium 

e.cotato (1x1o-5u to 1:1o .. 3u). The blank oao run 

under similar conditions. The optical donsity at 340 nm 

of treated a.n:lmal.a and blank mre taken after 24 houro. · 
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(11) Peeditlg exper1men~s with 14c(U) sodium aceta~• 
Incorporation of label in the pigment a 

(a) 5,000 albinos were f'ed 1n culture medium 

containing 50 ~t~.g/ml of s~reptoD~~cin with 

o.;s 1\lci/ml of unitol'llily 14c labelled eoUum 

acetate having specific activity )7.27 mci/m 

mole. Pigment wae extracted, purified and 

count• taken after 48 hours. 

(b) 500/ml albinos were ted in four different 

tubes with 0.1 uoi/ml of radio-isotope and 

the 14c incorporation 1n the purified pigment 

was studied at~er 12, 24, 36 and 48 hours ot 

1'ee41rlg. 

(c) Albino an4 reel Blepharisima taken 1n equal 

numbers about 500/ml were fed with 0.25 -uoi/ml 

ot isotope. !he counts measuring the 14c 
incorporation 1n the purUied pigment were 

taken after 2, 4 and 6 hour•.·. 

( 5) Sh1k!nic acid pathm and the pigment 

The experiments conducted under this head were 1 

(a) Assay of the enema shiymate reductase or 5•D!hy• 

droph~c acid £!ductase or Shikmate Deh¥clrogenaae 

'Balinskf, and Davt@ 1j61)-E.c. 1.1.1.25. About 

7,000 per a1 of pigmented animals were taken and 

homoaeniaed in 1 ml distilled water 1n the cold room 

tor 10·15 minutes. The solution centrifuged to remove 

the debris at 10,000 rpm 1n the cold for 10 minutes. 
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fo 2 ml of 0.1 0 Gl1oine ood1um bldroxldo butter 

(pH.9.0) t1aD added, 0.2 ml of 0.005 t1 NADP, 0.2 ml 

Blophnrismn extract add 0.2 ml of o~c acid. All 

thoco eolutioi.W troro taken 1n quarts ouvetto. Tho 

blank uao trith 2 m1 of ~,;lycino buffer, 0.2 ml of 

NA.DP end. 0.2 m1 of Blophe.risma extract mSm1o tho 

sldkmio acid. Tho incroaeo in the optical donoity 

at 340 nao rocordod in tho Beckmann spootrophotometor 

for 4 miQutoo nt 1ntorvals of 30 oocondo. 

fte ODSSI'IDO 1o prooont in pea aeo4l1nas, and n 

oimila.r o:por1mont \180 run uaing poa soedllnao, 3-4 

drqo old, srotm. in tho 4arls:. 

(b) Inhibition of tho onnso and pismont tormatioe 

(1) Po.ra-chloromorcuribonsoato (PCUB) and plaJDont 

f0l'ID8tion 1 

(A) Chloromoreuribonaoato from Patol•choot, in 

-5 -6 concontrationo 2:10 H to 2x10 n aao uood 

and tho pigment formed 1n tho albino Blophs.ri• 

oimas ttao moaaurod at 340 nm otter 24 hourc. 

(B) Treatsont ot 1n1o·5n PCt.m c.n4 tho p1smont 

formation • ht1o•5n the optimum doeo ot PCl.IB 

fouud at b(i) oao usod and tho pigment forced 

1A tho treo.tod and untroated albino &DS.mals 

(6,000/ml) attor 8,20,24 and 44 houro tta.o 
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meaiNl'Gd b7 taklD& the optloal deneit7 at 340 nm. 

(11) Abaorption apectra of PCKB treated albino• a 

Equal. D.umber of albinos (about 7 ,000/ml) were 

taken in two tubes. One wa.a used e.a blank• !he 

animals in the other tube were treated with 1x1o•5M 

PCMB aolution. fhe absorption spectra of both 

eamplea waa taken after 24 hours 1n A.R. acetone. 



53 

1. ( i) Regelleration of pigment in the albino animals a 

. fhe pigment is regenerated in laborator,r made 

albino anSmaJ.e, when they were placed in the nutrient 

mecUum. The results ar. given in fable 1.1. 

Table 2.1 

!he regeneration or the pigment 

Optical Ho.ot Optical %pigment deu1t7 albinoe dens1t.r Bo.ot of pic• /ml ot Pi&• Optical denait7 foi'IU4 1n 
red at 340 Dll atter 
ani ls menta taken ment• r from red. trom the 24 hn 48 hr• 24 48 

ml Blepha• .alb1no• h.ra bra 
ri81!1& at at 340 IUD. 

340 m4 

6,500 o • .35 6,500 0.11 0.21 0.)1 60 ss.s 

(ii) Absorption spectrum of the pigment extracted traa 

about 10.000 animals 1n acetone is shown 1n Ftg.2.1. 

!he opt1oal density at ditferent wave length• ia 

tabulated tn fable 2.2. 
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FIG ~.1. ABSORPTION SPECTRUM OF PIGMENT IN ACETONE 

, " Me. ~.1 Absorption spectrwn peata of the 
pigment between 300.600 •• The 
muimum absorption e-t; 340 mn is 
shown b7 the arrow. 
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table 2a2 

The absorption spectrum of the pigment 1ft acetone 

Wa'f'e 
leDSth 

(mn) 

JOO 

)10 

)20 

330 

335 

340 

350 

360 

370 

380 

390 

Optical 
denaitJ' 

0.69 

o.62 

0.66 

0.69 

o.12 

0.72 

o.67 

0.57 

0.31 

0.21 

0.2) 

400 

410 

420 

4)0. 

440 

450 

460 

470 

480 

490 

500 

Optical 
densitJ' 

0.21 

0.10 

0.15 

0.1) 

0.12 

0.15 

0.20 

0.24 

o.29 

.2.!J2. 
0.2) 

Wave 
length 

(nm) 

510 

520 

530 

540 

550 

560 

510 

580 

·590 

600 

Optical 
densit7 

0.2) 

0.22 

0.21 

2.!J.2 
0.)1 

0.28 

0.)5 

2& 
0.42 

0.19 

The nault indicates that the pipent has 

muimum absorption at 340 mn. 

2. Gene Pigment relationship 1 

(1) Experiment• Without streptom_vciD 1 

fhe transcriptional and translational studies 

done without adding streptomycin are given in tables 

2.3 aDd 2.4 DBA dependent RNA synthesis waa blocked 



With Retaap1c:Ln while the protela .,nthea1a waa block•4 

with eyloheximide. In the former experiment• 

the la'belllng ea with 5 uc1/ml 14o urlcUne TG 

1n the later in labell.ins waa with 10 'llo1/ml ot 
14o isoleucine (apecitic activity 122 moi/m mole) .• 

fhe data from both the 1Dh1b1tors indicate the 
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'~he effect of dittereat oeno.ntratt•i'iutuptota Gil 
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200 
c u 



(:U.) E:porimonto using 50 wml otroptmqctn I 

(a) Bftoot of otroptom7oin on animals 1 

Botoro doing aQl experiment oith otropto~otn, 

its effect on the animal oao oeen. -fho animalo 

containiDg 50 tUG/ml of ant11»1ot1c did not hcvo 

~ 111-otfect and the animals ~oro normnl 

hoaltlq even af'tor 48 hours. 

(b) Transcriptional studios t 

(A) P1ndilla optimum doso of Actinomyo:t.D. D 1 

fho antmalo ~ere treato4 oith 50 and 

15 "UB/ml of ActlnOlZ\Ycin B and labollod 

Tlith 5 uo1/ml of uridlno fQ 1n tho laot 

tvo houro. Tho roaulto arc given 1n 

Table 2.5. 

Wablo 212 

~he porcontaso 1nh1b:i:t1on of RIA ap.theois 
~th difforont concentration of Aottntmroin 
D 1n prooonoe of SO .ua/ml ot stroptom_ycin 

no. ot albino lfJ/!Jml of 50 soc oounto % illhibition 
animals Act1netl1'C1n D attor 24 hours 
ty§!!iel 
Blank Bxper- Blank Expor- Blank Ex pore 

tment• 1ment- 1mont-
al al al 

1,000 1,000 1111 50 ))4 75 78 

1,000 1,000 ll11 75 334 32 90.5 
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{B) 75'1J41ml Actt.ntmyctn D gavo go.sz 
i.Dhibition of RflA oynthooiD. The effect 

of this concentration on the pigment 

tomation tras studied. This is sho'Oil 1a 

Table 2.6. 

Tho offoct ot 75 'W5/ml Actinmqotn D 
on pi5ment formatiOil 

no.of alblnoo -uc/ml t4 ~U&/ml Optical doncit7 
Bftor 24 houro 
st )40 nm 

on1ma1s/ml otroptom,ctn Actin~c1D D 

Bla.Dlt Bxpor- Blank Bltpo~ Blank Eltpor- Blank Bxpori• 
imont• ilaont• 1mont• menta-l 
el e.l nl 

5,000 5,000 50 nu 75 0.228 0.225 
.0.23 u0.23 

It ts quito clear from the results tho 

plamont for.matton is independent of tho • 

RNA s;ynthoois • 

(o) Translational ctudioc a 

(A) Pln41D6 Optimum dooo ot cyooho:imido a 

100 'U.ll/ml. ot the 1nh1bi tor oao 

tried. The results of the inhibition 

obtained alth this conoontration attor 
12 and 24 houro aro given in Table 2.1. 



.,.. eftact on 1nhlb1 Uca of protem -,nttteets b7 100 ~ 

., c,olobadld.dlt Ia pe•DOe 0~ .,...,...,ala 

•· ef alt.llle/ld IGir/lll or 'Dc/111 or Ccaota &Her Cclullta attar .... atzepto~rCSD CJ'ClleM.dld.• 12Ma .. fW ...... .~ ... ----- aoaoeadlt 

.lallk a.-r~- Blaak a.-r&- 81a* 8.JIIPitrl- 81aldl hpert- alar* lbpert-

••tal ..tat •ataJ. •:tal. -..tal ••tal 

1,000 1,000 MU 100 lU 618 

Sc lalat.blttea 

BlU!t Sapeft-
12ba 2t ba 

u.a 



(D) t:ttoot ~ 100 'U.8/ml of orclohOld.mldo 

on p1Gcont fomntlon a 

Bqunl DU.Dbor of GlbiDoo ooro tronto4 

\71th 100 U/!Jol of 1Dhlb1tor tho roculto 

01'0 aivo~t S.n Tnblo 2.B. Slrlco tho l'Oculto 

of fablo 2.1 ohooo4 tbnt otter 12 hoURO 

tho otf'oot of tbo :inhibitor 4ooroaooo to 

n aront oxtont, lt one cons1doro4 propor 

to remove tho iDhibltor and tho antrtonto 

cocUum. !ho .o.nimalo t"Joro pl~o4 Sn froch 

mod.iu.m conto.Sniua the otroptcmwoin ODd -

e.anin tronted t11th 100 -ug/ml ot 1nhib1tor. 

!ho optical 4ono1t1 co.o tBb:on attor 24 

bOUl"D. 

ftc oft'oot O'f 100 -u,a/el cyclohoatmjdo on piGDOnt 
fomatlon 

no. of ol'bboo 4J(3/ml of ua/al of Opticnl 4ono1t7 
tohor& otroptoo;ro1n qolohold.ai4o nt 340 m 

-·~ 

Bloms Impori• BlaDh Bnpori• Dlnlak Bnpol"i• Blank Bnporl• 
montnl oento.l contnl aontal. 

10,000 10,000 50 50 n11 200 o.a 0.65 
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(d) IDblbit:l.on ot Dlfl fi1Dtheaie aDd the pipent 

tomatlon • 

A. liDding optimua 4oae of fbtdrolrl' una to 

give -about 90•/. iDhlbttion ~ DNA 

IIJ'Ilthee:l.e a 

!he concentration teste4 wer• ).5 .. 

aM 8 1111. The nsults 8ft s:I.Ven in 

!!able 2.9. 



J!able , •• 

'1M effect ef _. .. ..,. .uea .. t.UibS tl• ·ef GilA apt~.-•1• 

S.lfe. Mtt.~ &lbSDell/111 IQ&Ia1 et .. et •l(ydroJO' 
talala 8tMp'-.JOI.a .... aclclltd 

as.a. Rl~J)el'l- lluJr Blpll'l.- Bl~ Rspll"'-

•atal ••tal ••ta1 

l. 1,000 1,000 ao 

a. 1,000 1,000 Jfll • 
3. 50 Mil • 

10 •ca• o.aata 
atte.-:MIIouM 

!llaall: .....,. ..... 

••tal 

1,eao .. 
•• 

•a 

.. 



(D) ~ ottoot of 8 a!l1 f1742"0quzooo 011 tbo 

pScmont Po:rmo.tlon a 

ibo rocult 0.0 slvon 1D ~ablo 2.9 ohot'10Cl 

tbnt 8 m!l b.Jdrolf¥ uron 61 voo about 90 •I # 

iDblbt.tion, thorofoJ'O, tho offoot of tbio 

ooncontrotlon OA pia&tont formation t1a0. 

otudio4. !ho rooulto arc glvon in feblo 

2.10. 

~e ottoot o-r a li!lkvoa on ptGmont toi'Uit.\tlon 

no. of olb1Doo -u.a/cl. of 
tohon/ol otrop1l«\fc!D 

Optical 4ono1tg 
o.ttor 24 hO\\i'O 

Blenlt Bnpori• Bl.M!t Bnpori• Bleak Ruporl• Bl.Oill: &:pori• 
mental montol mental oontol 

n11 a ~ o.21 0.20 

f'or.co.tion 1 

tho ootc.bol1o :lnhibitoro \101'0 utJod to coo tbo 

tlotabollcm. fbo oftoot of cU.t:toront concontrat1ono of 

onSmls dlo. tho 1nb1b1toro uood 't'JOJ'O t• 



(1) Iodoacetic acid and lodoaootamido t 

fho concontratlon uood voro 0.1 to 0.6 mtl aD4 

0.02 tb 0.04 mU rospoct1voJ.7. fho J"'sultc aro aivon 

1n Tabloo 2.11(a} e.nd 2.11(b), and Ht;rs. 2.2(e.) 

e.n4 2.2(b). 

fable a,11(a) 

fho offoct of Iodoacotlc acid on p1ament tor,mat1on 

s.no. Ro. of oJ.'binoo WJ/ml of Concentration of iodo-
tnhon/ml stroptOJD3cin acetic aoid/ml Bivon 

to tho experimental 
Blank Ezpori,o BlaDlt Expori- e.nS.malo 1n mH 

montol montol. -
1. 6,500 6,500 50 50 0.1 0.2 0.3 0.4 0.5 0.6 

Optical 
dons itT 
attor 

r 

24 bro. 0.19 - - 0.14 0.12 0.13 0.1 0.1 doe4 

!ablo 2.11 (b) . 
fho of'foct of 1odoacotam1do on pipont fo:rmation 

s.no. Ho.of albtnoc IQI!,/ml. of Concont~ation of 1odoacot• 
talton/ml otroptomycin am14o/m1 givon to tho ozp-

orimontcl an'malo in me 
Blmm kpori- Blo.nlt Export• 

lilOntal mental 

1. 6,500 6,500 50 50 0.02 o.ol 0.04 

Optical 
lWV8~'7 0.19 - 0 - 0.14 0.11 0.11 
24 hro. 
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FIG.2;2.o. EFFECT Of IODOACETIC ACID ON PIGMENT FORMATION 

. '--:"- _____ .,..,...,_, ________ ~--- --- -------~ 

PiS• 2.2(a) Effect of 0.1 to 0.5 mM iodo 
acetic acid on the regeneration 
of the picJlent in the albino 
Blephariaae. The pigment 
synthesis ia impaired a• can be 
seen from the decrease in the 
optical deneitr of the treated 
axdmala aa compared to in the 
untreated(bl.ank) an1•la. 
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Jig. 2.2(b) Effect of 0.01 to 0.04 mJI 
iodoacetamide on the regeneration 
ot the pigment in the albinos. 
The regeneration of the pigment 
is decreased in the treat•d animals 
compared to the untreatecl(blank) 
albinos. 
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',. FIG:l,4. EFFECT OF NICKEL CHLORIDE ON PIGMENT FORMATION 

Bf'fect· of~0·.,1~ to ,4 mil nickel ch1or1de 
on ith~ -~g!Peratlon; of the pigment' in 
the all)inos. Ver.r :ti·ttle~ pipent la 
regenerated as ia,~C)le~ from the steep 
drop in the optical d~ity of the 
pigment extract of experimental animals 
compared to pigment extract from the 
blank (control) ani.mala. 
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FIG.:LS. EFFECT OF 214-0INITROPHENOL ON PIGMENT FORMATION 
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Pig. 2·.5 Effect ot .01 to 0.19 ml1 2,4-
Dinitrophenol on the regneration 
of the pigment in the albinos. 
There is no marked decrease on the 
pigment synthesis in the treated 
and untreated (blank) albinos. 
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FIG .2,6. EFFECT OF SODIUM AZIDE ON PIG ME NT FORMATION 

:Pig. 2.6 Effect of 0.1 to o.a m! sodium azide 
on tho regeneration of the pigment 
1n- the albinos. Sodium azide increases 
the p1gm.ent t'ormation as can be seen 
from the increase in the optical densit~ 
of the plgment u:tracts of the albinos. 
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4. A~otato po.thnQ¥ oad tho pigaent ~o:nmtion 1 . 
1A ordor to 1nvooti&nto tho cmiotonoo of e.cotato 

po.th't':87 tbo oxporil:lonto dono uoro of too t7poo. oao tno 

of onportmonto ooro thooo lnvolviDG feod111s oitb 1~C(U) 

alucooo cn4 tho other tno wro thooo of foo41DG tlith 

14c(U) oodiun c.cotnto. 

(1) Po~ t7ltb 14c(U) gluoooo (opooitlc acttvit7 

115 mol/ttl molo) 1 

ibroo different oapor1monto aero 4onot 

(n) ftJ.o onporimont tma dono onl.7 to fiDel out wothw 

tho pi()mont to.ltoo up tho label or not. Ia th10 

o:pol'icont tho al1d.noo mro fad oltb 0.09 .uol/J:ll 

of alucooo for 48 bovo1 tho rooulto obtllillo4 

ere atvon 1n foblo 2.16. 

Xo.blo @s1§ 

ibo 1Dcozporotloa of lcbol lD purit1o4 
ptgmont cftor 48 houro of foo41D!J 

no.of albinoo/al 1J(J/al ot .uoi/ml ot 50 oooo. oounto 
td"tor 48 houro otroptomroin 140 G].ucooo 

400 50 o.os 6)3 



(b) fho rooult of tho e.bovo experiment t1as 

confirmed. by feeding the alb1Do animals t7ith 

14c alucooo, e.nd ~irlg their pigment a.fter 

12. 24, .36 .and 48 hours. fbo incorporation of 

14c tte.o measurod tho rooults aro givon 1D. 

tabla 2.17 

Tho incorporation ot 14c glucose d.urina 
tho p:lamont synthosio b7 the albino animals 

Bo.of albinoo .u.a/ml of ¥81/ml of 50 sees. counto after 
takon/ml ctreptgercin 0 slucooo 12 24 

j6 
48 

500 

ad.do4 bro us ~c hl'o 

0.05 251 354 856 877 

(c) Thto experiment ~ dono e.o a second oonttr.mation 

ot tho incorpora.tion of 14c gluooso 1n tho 

plgmoat. In this oe.so equal number or tho 

pigBeatod and albino an1malo trore tod tTith 

0.125 tuc1/ml alucoso ~ tO 14c 1Dcorporat1on 

moaourod in tho puritiod pigment att or 2, 4 and 

6 hours of feed.ln8. The rooulte aro ohotm 1n 

table 2.18 and Pia. 2.8. 
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-,..-~ --- --·-· ------- ----. -----------~-j 

tig. 2.8 1( . 
The C gluooae incorporation in the 
purified pigment samples extracted 
from equal number of pigmented and 
albino Blepharismas atter 2. 4 and 
6 hours of feeding with glucose. 



All thooo o~orimoDt Dhouod thnt alucooo lo 

t.no011JOrGtod in tho pl8CG1lt. 

82 

(11) Poo4:i.Da \71th oo4ium ClOotato 1 

Pou ditf'oront oxporimcnto aoro tloao 

pttoo~ of oo41UQ pgo,a:,o,on, tho Rlagont formntlSB 

~tJ. onporioont ono 4one to coo U thoro 

lo ~ 111-off'oot ot oodium acotnto on tho 

plGccnt botoro footlinG oith 14c labollod oootnto. 

fho rooulto aro aivon tn fable 2.19. 

2bo of'teo~ of oo41uo acetate on ptamont formation 

no.ot olbiDoo ~ml ot Concentration of oo41um acotnto 
tc.tton otroptcnvoin o4404 to tho ozpori.montcl. 

Blum bpor1• DlBDlt Bxpori• 
aontal montol 

10,000 10,000 

Optical 
4onolt~ 
aft or 
24 hro. 0.56 • - -

ontrm.lo in mt1 

Oe55 Oe49 o.60 o.,s o.Go 

It lo obvlouo tbot thoro oro no 111-offooto 
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formed as usual. fhe animals also looked 

health¥ and •id'ou•• 

Peedly with 14c (U) sodium acetate 

(a) !he albino an$mals wen ted with O.J 

N.OS/ml ot 14c(U) sodium acetate and 

incorporation, 1n the pl&ment measured 

after 48 hours. fhe resu.U are given 

in Table 2.20. 

~able 2.20 

!he incorporation ot 14c aodia acetate 
after 48 hours of .tee41rlg 

No.ot albinoa/ml IUS/ml of 
strept011\J'Oin 

50 

.uci/ml of 14c 50 eeca.counta 
sodium acetate atter 48 boun 

18,909 

(b) !the above experimental data wu oontizued 

b7 feeding with 0~1 .uc1/m1 o£ the radio 

isotope to the albinos animals and the 

inoorporation at'ter 12, 24, )6 and 48 houn 

waa •••n. ~he results are given in 

table 2.21 and Jig. 2.9. 
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the 
14o lncol)Poratioa of sodiuza acetat. • tn 

the purif1e4l.atter 12. 24. )6 all4 48 houra 
ot tee41zla 

Ro.ot albilloa ua/al of ,.1/Jil of 50 "ca oounta after· 
takeD/al atrepto-.,clD c aoet• · 12 24 Ji 4a 

500 Sa uoh 
of 4 41:tter­
ent tube 

ate bra bftl hn hr• 

0.1 441 2,234 612 1,511 

(o) Further oODtlrmatlon of the above 

experiment• wu obtalne4 troc tbl• 

experiment, whenin both the plpentecl 

an4 alld.no• were fe4 with 0.25 .uot/ml 

ot 14c •odiua aoetate. fte illcorporatl.cm 

ot 14c ill the purified pigment was DOted 

after 2, 4 aDd 6 hour• of fee41Da. 

!he reault• ere 8WIID8l'1ae4 in Table 2.22, 

l'la. 2.10. 



- ... ant..al• ..... 
A • 

. 1,000 a.ooo 

'Die lAc ~tl• la a. pl-ot .r p._at~td 
aecl albiae aniaale 

;ga/111 ., .uct,/111 •f 1"c 50 -- c.uata ., ... 
a'hep...,cla ... ........ a._. . .... 
A • A • A p A • 

Oe2S 0.25 •••• ao.a• •. ,., .,, .. 
P a nc-at aat•l• 

...... 
A • .... a,tue 



j' 

Vl 
t-z 
::I 
0 
u 

0 z 
8 
w 
Vl 

0 

"' 

8.7 

~ PIGMENTED 
ALBINO ANIMALS 

40,000 r--

1-

10,000 

r-- ~ ~ ,.... .,.. 
r- ·J.t r- ·-

~~ =:':!-

"""' r-- .~ 

~ ~~ 
~· .. ~: 

·~ 

t- I ~~ 
"."":: 
:' 

'·· ~.i 
I-

~~ 
1!:" .. : 

~ 
-:! rt ~ r.l 

~ fii :": 

30,000 

20,000 

0 2·0 4·0 6·0 

TIME (Hours ) 

FIG.l-10. 
14

C SODIUM ACETATE INCORPORATION IN PIGMENTED 

AND ALBINO ANIMALS 

lig. 2.10 The 14o sodium acetate . incorporation 
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!he nwlt tram (a) to (c) show that aod.1wn acetate 

la lDoorporated in the pigment and that aoetate playa a role 

1ft bio~theais of tbe pigment. 

;. Sbiii:Saio acl4 path.., aDd the pigmeAt • 

~o Gtney Whether the shiklmio acid pathway tor 

malr:IJJC the quinone JiaJHnto e:d.ete in Blepbartaa or 

not a the eDQJH 11lvolve4 in the to:J!'l:lation of ehlld.mlo 

acid waa atud.1e4. 1'he experimenia done wrea 

(a) Aaaa, or the enzyme ahlklmate reduotaae 1 

~· aesq ot tho euyme#. tlbpigraente4 Mtnmle 

wu done u per the metho4 ot BaliruJlq 8.114 Darta, 

t96t. 3-4 ~· old pea aeodlinae grown 1n the dark 

alao oonta1n tbia el1QIU a therefore, to confin 

tb• pnnnee ot the •tmlm• t'-'l··:alepJlar~aiaa 'lbe 

eDQJM waa uaqed e1atltaneou.sl; trom the pea 

aeedin&a ae nU. the resulta are ta'bula'e4 1D 

table 2.23 an4 act1v1t7 graph la ebown on Pi&. 2.11. 
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(b) 1Dh1b1t1on ot tho ODQ'GO GblhJnnto J'Oduc,ooo 

· oith pcm-cbloro corcuribonnooto (PCUB) a 

1D1'11b11iOP Of tllO OJ10100 (llal!Dak.Y' t\C4 Dc.'Jlo, 

1'61 ) ODd tbO p1ncont fo~tlon eoo otudiod 

b~ tohtaa tbo opttcnl dono1t7 of tbo p!Gmonto 

oldiro.ct o.ttor 24 hOuz.a. ~o J~Coulto aro G1Von 

E.ftoct of po.rooebl=o coi'Ou.ribocu~to oa 
tho p1l:lt2ent foroo.tion 

24 bro. o.g - .. - o.os o.06 o.oG o.® o.oa Den'. 

2ho ol>ovo dcta. ia:ut.!ontoo that ottb th.o 

1Dbib101on o£ thO 0D1J7C0 ohlhtmo.to roduotooo 

tho p~t io proctioal~ it~ not foroct1. and 

tbnt tho ~ot offootivo concont~tion 1o 

1n1o"'"'n. 
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(c) to confirm tho above rooult the albino anicalo 

ooro troa.tod t11th 1:E'to•5tt PCHB0 blaDk oao I'W'l 

aimul.ta.noousl.J' 6114 tho optical clenslty at 340 =• 
o£ tho pigment oztracto to~ tbatroatod and 

untreatecl anf.mals \"'aa meaoured attar a, 20, 24 

and 44 hours of tho treatment. The resulto aro 

cummarieod in Table 2.25 and sho\711 in Pis. 2.12 

iablo 2.2s 

Piament formation in 1:166 H PCHB 
trentocl ol'b1Do animals 

Ho.ot albino 
en,malD 
talton/ml 8 

!1me in houro 

20 24 44 

E B B B E B E B B 

· 1,.000 1,000 0.10 0.1~5 0.105 0.155 0.115 0.23 0.14 Oe285 

E • Ezporimontnl 1 B • Blanlt 

(4) the above observations 'l1ero confirmed trotl tho 

absorption opoctrc ot 1:1o•5 n PenD, troa.tod and 

tho untreated albinos a~imala aftor 24 houro of 

tho treatment. !he data of optical donsitJ at 

c11t:rorent tnlVO loll6tho io ohomt 1n 'belot7 in 

fable 2.26 and Pig. 2.13. 
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0.185 o.oaa 
0.16 o.oae 
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DISCUSS IOU 

no laboratory mrulo albino BlophnroiQn.o roaono~to 

tho1r p18,mont ubon plcco4 in tho nutrient mocU.wn an4 it 

takoo o.bou.t 24 holU'o to roaonoro.to o.bout 60% ot tho piamont • 

ao lo ovidont ~~tho table 2.1. fbo oomploto roaoneration 

ot tho p14Jno.nt tekoa moro thc.n 48 hours {Gloso and 

Ort\iDaor, 1970). fho optical done1t7 a.t .340 nm t.o takon 

ao tho 1n4ox tor ao~ tho qunnt1t7 of tho piGment tozomo4 

bocauso tho absorption io mo.zd.muo at tbi.c ttavo lonath 

(PiG• 2.1), ohon tho opootrum io taken from 300 t~ 600 no. 

Sillco tho picmont to~ 1D tho t1J"ot taont7 four houro to 

elOQ1'o moro than that forao4 1n tho next toont7-tour houro, 

a.ll tho otudloo oonduoto4 ~th pigment regeneration aro 

4ono 4ur1D8 tho flrct 24 houro. fho fact that tho a.Dimal 

oonttnuouolf .,nthoslooo tho p1amont ~on it io activo~ 

tood.in$ 1n41cateo that tho pigment must bo ho.vtns an 

1mportODt rolo, thOUGh it can not bo a ~or one, booo.uoo 

othoJ"Oioo tho Nlimnl "ould not hnvo taken 48 houro to 

roaonerato e~othtna dhioh io vital to it. 

Gone and tho Ptement 

!ho rolo ot tho aono· in tho picmont formation to 

chotm 1n tobloo 2.) to 2.10. tho t:ra.noor1ptlorm). otudioo 

uotDa rotemploln 1DhS.b1tor of RUA qnthoolo (fablo 2..;J)o.n4 



tho translational studios using cyclohoxim1do as tho 

lDhibit~r of protein syntboels olearlJ roToal that tho 

resulto are not consistent vitb the dosage applied for 

o:mmplo ttith 100 .ug/ml of refampioin e.nct 100 11(S/ml of 

oyc1ohox1m14o tho 1Dh1bitiono is 64 and 41% reepect1vol7 

abilo vith 200 ~ml tho % 1Dhibit1on docroaees to 31.1 

and u .• 71 roopective]S. llot only th1o discrepancy is 

oboorvod. but the onperimontr also do not give J'Opeatable 

data. 

9'1 

!fo over como those cl1tf1cult1oo tho gono ozpross1on 

studies are dono 1n tho nutrient modiWD con tat nin,g 50 'UI!./ml 

of stropt~ctn. In all those oxperimonte first the ~ot 

experiment is ~ to d.otormtno tho dose ot inhibitor neo4o4 

to stvo about goz inhibition. 

tho transcriptional otudies (fables 2.5 a.n4 2.6) oith 

Actinorqoill D chou tbotl 75 'U6/ml ot this givoo 90.5% 

inhibition (fable 2.5)1 but tho pigment tormnt1on io 

tndopendont of the RNA OJUthests. as is clear from tho data 

of !fable 2.6. 

Tho !ranslational otudloo oith cycloheximide ao tho 

1nhib1tor of protein synthesis are shotm in tablos 2.1 and 

2.9. !fablo 2. 7 oho\1o 100 Jug/ml ot C1Clohoxim1cio a1vos 93% 

inhibition attor 12 houro but after 24 hours it is onl¥ 

12.8%• This m~ be duo to the tact that the 1Dhibitor bocomeo 
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lnoffoetivo attar 12 hours. !o over como this after 12 

houro tho froDh cul1n&ro medium io added and tho ozporimental 

anSmalo e.ro asa1n treated trith oyclohOldmido. tho affect 

of C7clohoxlmido on tho picmont formation is ehoan 1n 

table 2.8. tho .rocult ohov that though thoro to cmall 

docronno 1n tho opticnl dcnoity in tho oxportmontal $D1mala, 

it ic not very marked to onablo one to dra\7 arq 4ot1D1to 

conclusion. 

· fho Dl!TA oynthoolo io inbibito4 t11th H1~-uren e.nc1 

tho !ablo 2•9 Oh0\70 8 mH GiVOO 88Z inhibition. ~ho otfoct 

of th1o concentration on tho pigment formation (table 2.10) 

once again oh.0\70 that ptsmont io formo4 in tho oxporimonte.l 

e.nhlalo and that tho DNA qnthooio clooo not control tho 

pigment fol."DDBtion. · 

no conolud.ina romarlto t7hich can bo made trom acne 

oxprooo1on and Dltl inhibition otu41oo ~ that pigment 

roaonoratlon seems ~o bo 1D4opon4ont ot tho aono and ita 

aotlvi:U.eo. 

Ootabolic inhibitoro on tho pigment formation 

!ho difforont reaction stops 1n carbohJdrato motabol1am 

a»0 blocked and tho pisment regeneration hao boon otudio4 •. 

fho 1nh.1bitor uood ere 1oclo-acot1o ao1d, iodo-acote.mido, 

eo41um fluor14o, oodium asido, nickel ohlor14o and 2, 4i 

41nitrophonol. 
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The results are tabulated 1n tablea 2.11 to 2.15 and 

drawn in Figs. 2.2 ~o 2.6. !he steps which ~e blocked b7 

theae reaaents are schemat1oall7 shown below•• 

Carbolqctratea 

1 
Glucose 

1 
Gluco•e-6-pho•phate 

1 
Pructcse•6•phoaphate 

1 . 
h\lctose 1•6•d1phosphate . J 

Glyceral•ald.e~de-3-pho.,pbate 

! 
A!P ~--- 1•3-Diphoapho•gl.;roerate 

NaN.3 =~i tl======:.l.<TUU 
ADP i 

3-phospho·g~cerate 

1 
2•phoepho-glJcerate 

}F=============N~ 
BnolpJ'I'IlY&t e 

! 
P;rNvate Ethanol 

l 
1 11012 

Acet,cteb14• 

Acet7l · Co-A ~----Acetate 

l 
C Oiiclative ~ ~~J 

~oephoJ7l&t10!J1====== ~ 

2,4 DD 
Citric acid CJ'cle 
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D~&t1T8-W\ i. 

Bahmpatio roprpsop.tatiop of QAEbo]!.Yclrato rl<ttgboltem Dho:g!M 

tho gtsRs at· vh1gb Sho inh1b1t1oa oocurn 

(1) 

(11) 

(1U.) 

(fv) 

(v) 

IAA• Iodo-acotic-acid or Iodoaootamldo 

Hal •Sodium fluor14o 

~~ • Sodium aztdo 

B1Cl2 • Nlcholohlorido 

2.4 DttP • 2,4 D1n1trophonol 

iho treatment of animalo ~th todo•aootlo acid an4 

1odo-acotam1do (fable 2.11n and 2.11b) (Figs •. 2.2a end 2.2b) 

shotTO that the VOl"J little roaonoratlon of the pigment 

takes place. lodo•acetamldo sivoo bettor result oven oith 

e.s lw a concentration ao 0.03 ml1 (3:1o•5u) • obile iodoc.ootio 

acid ehous the aamo dosroo of effeottvoneao at 0.4 mH 

-4 (4xl0 H). 

Io4oacot1c acid and lodoaootomido both arc nlkflatiDg 

84onto and react t11th SH group of llWDbor of enarmoo. ~o 

todoeootamido is more ponotrnting osont than tho 1o4oncotio 

acid (Ooddar4, 1935). At lou oonoontratlon tho action to 

opocUio to~ tho Ol'lSJIIlO sl.7coJ7laldeJis'do•3ophoophato · 

dobrdrogoncoo (Raokor, 1965). !hie onasmo lo rooponotblo 

for conversion of 1,3•diphoopho•s1Joorate to l•pboopho­

glrcorato, or that lt 1ntortoro ~th tho firot staeoo of 

tho motabollc path~ of glucooo uttlination and betoro tho 

A.'iP formation takoo placo. 
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2ho ottoct ~ cocU.uo tluo:r14o 01'1 p1(smont roaonore.tlon 

ls ohoon 111 to.blo 2.12 GD4 Pig. 2.3. Tho rosulto oh0\7 tlmt 

6t tho conoontro:U.on of 4 oa4 6 fiiJ/r:Jl the plpont I'ODOftl~S.on 

to 'blochocl to a aront ontont. At hlahor ooacontrotion 8l!!l 

onl'1lll'4 tho rovoroo tron4 otareo. 2ho oDO,JQO otf'octo4 b: 

tblo to tho oDOlt\OO (Rcoltor, 1965) aDd tho convoroton of 

p~ato troc onolpJ2UV&~o lc ottooto4. 2ho doaa oard. traa4 

at l0t1 concontKtlcmo cmoo osnln ohorro tha.t tho pf.amont 

tozmatton lo 1n ~ roletod to tho cerboh,rclJ.tto.to 

motaboltm. 

tho offoot of D1ohol cblor14o on tho ple!,mont 1o chot11l 

ill table 2.13 aa4 Pi«• 2.4). iho roaono:rc.t:l.on of tho plGmont 

1o corlO'Wll¥ oftoctoa amt tho ctotm tml'4 trend 11h1oh ctarto 

at 0.1 t!l ooncontl.'\lt1on 1o ~tainod ea4 tho tulXiem:l to 

noh1ovoa ct 4 c:l (4.n10-3tl) 0 Dot o~ tho ptamont 1a uot 

JtO{Sonornto4 but tho olb1Do onimelo a.ro al.oo VOJ7 olUOOS.obo 

Uf.ohol cblol'14o octo on tho oMI'OO aloohol 4obi'clroGODO.OO 

(~and Bothntoitl0 1968)0114 lr&bf.blto tho tomaticm of 

o.ootc.140}Q'do ao Dhow Sa tho o.bovo 41aarom 1. ibo 

l"'GODOmtton ot pf.ccont in VOJ:'I little amount oloorl.J ohotm 

tho iapol'to.noo of tho etop !D controlltas tho Pi6tl01l1l 

to:r"~:mticm. 

fho ~toot of oouum CG14o (fa'blo 2.15 OD4 PlB• 2.6) 

ohow thct tho piGJ;lont roaonomtton lo not at all aftoctocl0 



to 
rathor, on tho contrar,r, a slight tondonc7Ltncroaoo 1o 

aeon. Similarl,y, trom the reoults \71th 2,4 41n1trophonol 

(Table 2.14 and PiG• 2.5) the dotmaazoct trend 1n tho pigment 

regeneration is not obsorvoct. Tho behaviour o£ tho animal 

totmrcto this roaaont io somo t!hat wmsual but oven thon 

ono can olearJ.7 coo tho 1ncroaoo in tho pigment formation. 

Both thooo roooonta aro inhibitors ot oxidative 

phosphor,rlat1on (Rnckor, 1965)1 and thus roduco tho amount of 

A!P produced per glucooo molooulo. 

Dow looktDa nt tho total charactorioat:l.on arrived at 

from those fivo motabol1c inhibitors and tholr relation to 

tho p:l.smont rosoneration, the sonoralioecl conclusion 1e that 

tho pigment is formed during tho carbobJdreto metaboliam or 

1n otboroorda it is a motabolio product. It is fo~ocl 

durinG alycol,yoioJ TCA CJClo hac no rolo to plq in ito 

generation excopt , to. provide tho energy. Ollt of tho throe 

otops \'1hich control tho pigment formation, tho ono ohich 

control tho formation of acotate via aootaldo~do (inhibition 

TJith UJ.Cl2 ) plqo the ke;y rolo. !his obcortrat1on 1s mado 

koopiDG 1n v1ott the slugslsh bohaYiour of the anima.lc ohen 

troatod otth thio chemic~. Anothor aopoct ohich emoraos 

from thlc observation 1s that pi.gment io 1D somo\'7q rolatod 

to tho vig~P~oit,v 1n the an1mn.l. 
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D• iul&ht tate th• nruotMn .t the pi,e;mc_,~ i~ 

Bl•pbuf.~ Wl4~ b&s be~ C1YP bJ MoU•r (,962) Mel 

SevaD&Dt (1t65) aa6 t•ntat1•• ••~•~ waa &1Yea ~l~b la 

ROWD 1a (a). the nNotun of Blopbazoi8QCI. IDt•N••U.aa wu 
I • 

•luoS.U.tK ill· ttd.s labontoq }tAd S.o at•• at (b). :the 

atnotu.na ah:rw• that thq an j&!Jerlg RWhr~og !l!l&e!d 

·q&Mn•l• 

0 
HC ()M 

l 
WO fl 

ke DH 

o. 
! ,. 

(a) 

en torae4 :fi'OII two pathwer••• . 

(t) loe!a,.-.oloaate f4tb-.r 

(2) Shlldalc ao14 ,_,b.wq 

. 

H6 0 6H 

'\t ~Its 

tt.,e tttJ 
",t t\\) 

He 
Jo 

til~ 
"HO 0 OM 

'(la) 

ta tbla tb• o,r•ue· o~Mm4a ·u-. tol'fi4 ·-:r tb.•'!lee4•to.U• 1 

0011£RMtic et u!S.vate~ ~o•tate ualt (e.oottl c~A) u4 



malo~l Oo-A units. The condensation of these two results 

1n the .formation ot •po~·keto, groups', whlch undergo 
Lmeteylene '-

cycllsation, ex14&t1on, recluction, a.l.Jqlation etc. to form 

the phenols. The phenol• get ox1d1aed to form the quirlonea 

aa shown a 

Carbohydrate 

l 
P;rl'u'f'ate 

l (Oxidative 4eo8l'bo:qlat1on) 

Acet11 Co•A Carboxr1ated 

{~~-co-s-coA) 

BOOC 

0 Q 

" . CH)•C • OB2•C•S•CoA 
~ 

J 
.Keto met~­
lene CZ"OUP 

lheee keto-met}Q'lene groups condense to torm ring 

compoUD.da 'f'iz. antbra•quinone is tormtcl by the condensation 

ot seven such metb7lene aroups derived from malonic acid and 

one from the acetic acid. 
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{Eiiod:in) 

. ' 
Ike aee~att ~t.providoe o~e ~,-o croup.onlf wbile all 

the other 0 atoma ooae from the uloaa1e. lh••• find.Uaf.l . 
. . 
haYe besn )rove4 oa. 41tterea.t •7•t••• uai.a& 14o and 18o 

trao•~ (Oateaboo~. 1961a Shl-~•• aD4 lkekawa, 1961,6)a 

. 21roh Jt .11• 19551 Gatton~•ok. • lloabub., ~959s ad. h'looJr · 

. &D4 8m&ll07•' 1961 ). . 

(1). BldJdmts eotd pathw a 

• 
fhe.rl,.alan:l,ne, tll'l'Oairle fl'• alipbti.o ·preovaon d.eri:ve4 . .· 
f'nliB ·tile cubo~d.ftte ••••'b911•• a.. ·,l.&Dtut (ltetb. J:Lt.ch•• 

. . . 
I 

1~) azul, 'a.actel'i.a. Ia a»Sme1a it 1ws been •opono4 
. . . 

• t • J • 

in te•I'Nq'm•ua ppifemd.e (ISU1o~ 1t,t) teaobl'loai.4 ltttt1c 



Jleinwald J!! J!!, 1966). The quinone a are formed from the 

shikimic acid or aromatic amino acids as ehowna 

Carbohydrates 

I (lle~aboll ... ) 
Phosphoenolpyruvate D-Er,Jthrose•4•Phoaphate 

\ 

- ' 

5•DebJ4roquinic Acid 

(3) - ( 

(1) 

____ J-Deoq-D-arab1no beptuloeon1c 
aoid-7-phoapbate 

l~) 
5-DUydroehiklmic :;==~~=~~ Shikimic ao1d -~ 

acid 

Quinones 

Slhemetio reP£esentation ot shikimic acid pathwar for tb! 

srnthea18 ot the quinone• 

The enaymea involved in steps 1 to 4 area 

(1) DAHP synthetase (Srinivasan • Sprinson, 1959) 

(U) lnz7111ee requiring DPB and Co (Srinivuan and 

Sprtnson, 1957, 195~) 

(111) 5•Dehy4roqu1naee (rtitsuhs.ehi and Davis ,.1954) 

( iv) 5•DelJ7dro•ahik:1m1c ao14 reductase (Balnislq and 

Davis, 1961) 
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Therefore, obvloucl.f tho main step iS the formation 

of ohiktudc aold and the oorresponcliDIJ on&JIIlO is 5•dolqclro• 

ohik1m1o acid rocluc1raoo, from tJhere the quinonoc azoo formocl. 

Nov, discusaiDG and aDa17o1Dg tho results of 14c slucooo 

11'1corporat1on 1n tho pismont in the light of above path~o 

(Tables 2.16 to 2.18 and Piso. 2.7 & 2.8), sho~o that tho 

pigment is formed ao an ott-shoot cturing tho ca:rbolqdrato 

metaboliom, bJ' socondar,v reactions. fhlo fact is quito 

in line nith tho othor secondar,r metabolic products lito 

tannlo, 1~, flavno14c ot the planto vbich also 

or16inato b7 'the oimilar socond.a.rJ' metabolic pathvqc. 

·these seoonctar,V motabol1tos uhioh like Blepbarisma pigment . 
are not essential tor the manifestation of lito but 

novortholoss aro important for oustainJng _and maintaird.Dg 

come vital functions of the livinG oyotems in t7hich tho7 

a.ro present. 

Tho incorporation of tho 14c(U) sodium acotato 1n tho 

pSamont sho11D tho involvement of •aootato• patlmq 1n 

Blophuisma (Tables 2.20 to 2.22 and Pigs 2.9 t: 2.10). 

fllo tomation of pS4ments of anthroquinono type aro ttell 

ootablishod from this pathtt~ vie. tho tunsal motBbolitos 

hol.m1nthooporin (Birch !i.sl , 1958) 0 omodill (Gatonboclt• 

1958), 1sland1cin (Go.tonbock, 1960) arsd sovoral othoro arc 

proved to havo originated from acotato pnth~ b7 toediJla 

eaporimonto usiDg 14c ra4io-1sotopoa." Tho rhodocomatul:ln 
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· anthraquinone pipent• ot or1no14• (0. peotinata and 

C.oratera) (Sutherland and Well8, 19511 1967) are alao 
• 

shown to '• 4er1Yed from aoetate·m.~o~te pathw&l (Salaque 

.!!. !l• 1961; and SUtherland, ·1969). S11lllarq, the iu..,ot 
/ 

pigment ~ioh torm a coherent group related to •n.oxyerth• 
·* 

rolaooin1 (Venkataraman and Coworkers. 1966a 1968) al•o 

•eemed to be deriYed trom one a,ootate and eeven malonate 

uni:h1 though t.here ia, no direct experimental evidence 

tor it. the t;rpioal anthraquinone •t~ot~•• ~rom crinoid• 

and 1neeot• pigment• .n given below in (o) • (d) reapeot1Ye~a 

0 OH 

OH HO 
0 

~•e are simple end smaller moleculea compared to t~e 
.. 

. Bleph .. i.aa ta p1p$nt •oleoule. 

!be lara• aoleoule•.' u that ot Jlepho.riama are the 
. . 

Ref.i!os. 47,9'9 &:. 10G ·· 



tn·such ~oloouloo·tho phenol coupling ot monomore 'nkoa 

place and thio lo followed b7 oxidation to sivo the quinone 
' 

. ctruc.turo {Imro, 19691 Sidhu and se.nktU"mtt, 1966t Sidhu s1 il• 

19681, PallAs and Tho>!loon 196a, and Ioahihirn Jl1 Jll, 1970). _ 
• 

tho ~e~ult_of phenol coupling ot two monomoro. 

Although, no experimental proof 1e there for the 

.t.nvolvemc.nt of aceta to patbWB3, for hypt~r1cin liko pigment a 

to wh1oh Blephariama pigment bolonsoJ tho feod~ expertmonto 

in eohinodctrm pig13ont clsinoc:hrome A. vhioh 1·s a dimor of 

naphthaquinone have oota.blishod the existence aootato­

mal~nate pathwa, (Chen!1!!• 1966). 

~oio of the-ohikimio acid pathw~ results (Tablo 

2.23 Pig. 2.11) Show tha~ tho ko7 onmymo which t~rmo 

· obik1m1c acid. f~om do~dro-shikimio ao1d as por th? roaotion 

at•en bolO., is pr~oant. Since the above rcc.cU.on io 

·~ ~OH -~ 
.l>o~drosht:ld.mato 

~VQt"Oiblo o.nd 1~ !o aoooyoc\ !n 1;ho direction or dobJ'4ro­

ohiJdcsato to:rr.aa.tio11. ~he prooonoo o~ thio o=)'tlo wooo 
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praoollCo tre.e contirmo4 b7 .tho spooitic) lnhi'bition 't'11th 

pa.rc.ohloro-moJ.tOuri-bonaoato (lle.li.ulq te Davie, 1961 h 

tho non-rogonorntion ot pigm~nt 1n ani~la·whoa troatc4 

with \ho PCMB (ic.bloo 2.25.~ 2.26 ~4 Pigca 2.12 ~ 2.13) 

oloa~lJ ohova t~' ohiktmio noid peth~.pl~s a role la 
' 

'the. pigment 1'~rmat1on .. ~ 

" 
fhe oonolusion froR thoco ctu41oo (fabloo 2.16 to 2.2,) 

is that 2.2~h the patb.Tt81tl Q'O Ol/'Grativo 1D. J'leRbaFislD.!' 

intormodi\im tor tho formation ot the pigment. To wha:C 

aztont each pathwq plqa tho rolo io yet to bo eecn a.n4 

ootabl:l.ohsct. 

· 2hous;h, a:t til"aat glanoo it ~ appear atranae an4 

. · unlikol7 that two ·po.th\7qc. ou·f oniot in tho aame ors;ani£~a, 

recent studies on pianto ht,t."Yo prov04 'be;roncl doubt that tw . \ . . . . 

pe:thmqo oan Jpora.tc ·ta1.m!U.1Iano01a.Dq' oG4 that ono 'bonaonc . . 

rila8 rJD:f o.rin!l trom eh1ldm1c o.old · po.th\"181 and. tho other v1n 
I 

.aco.ato.Buraott 8D4 ~hameoa 19GBt 1967 aa4 L'iatner aD4 

l"'aJz (1968) workba 'Oith rtubt.-.ooa.o (~b-t~l¥ Rubioldae) • 

Dtgaoalaooc.e and VorboDOOeao famil1oa vhioh nll havo 

cmthre.ctuinon~ pigments ot tho tno havo shown that .riD8 • 0' 

,~0 OH Cl"· ·. . ', . 
0 A. 

I 

...., ...... 

~not~~ate4' -npotatef (·Pop~ak 0: Cozoaforih. 19601 'flriaht, 1961). · 
. . 



·(~4er) plant .WS.U.\ 2• 14o a•Y&loliate. the whole ot ·z.s..a 
." 'A' &ll4 SO" ot the ovbo,\Q'l croup of. ri.Dg 'B' ie der1Ye4 

trom ~he ahlld.oio aotd. u ·pea- sohemi s1Ten belowt 

0 ,. 
~~(fl.. 
v~· 

0 

Sh:~ kimio acid 

~precursor 

1 
OH 

:,.11 ..... 
Oft COOK 

\·.~~¥ 
~'f'/· 

OK 

'(oxi.da'tion) 

6 

··~ 
0 

111 



Shikimic' no14 foma c. oompouncl ¢-tb ton carbon e.tomo 
! . t ' ' .... ~ ' • 

vhioll thon oo~ensoe with '\ho movol.onic ao14 (oom:.t.D.a from . . . 

. . 
~hoqh tho no:turo of 010 oom;o~d bns not boca 14on" .. < :od . ' 

in Rubin plo.nt, lm~·. ~hore i.e OTGl"f liltelJb,ood. ot: it.r 'i..Ds 

c. naphthol. cloriva~lvo. The 01o ia a naphthoi dorivc' ivo 1• . 

... buo<l on tho experimental taota of Loietner and t:'::uk (19681 
I . . 

196'1) tlho fount that 1'·~4 na.pththnc:tuinollo ia inoc:-;:-pora1lod. in 
: ' / • I, ' 

elin~in in Rubintino~~rum. They ~hor chowed tho:~ .14c . 
ohiktmto ao14 io 1noocyora:tod: ill •toto' into aliso.i"1ll and · 

purpurin (Lo1a'tnol' &l ZoDh .1967). fho im)O-J;'tanQo of 010 
~t ~o formina ~bolo of rtna 'Ao and 50% oorboDrl gregg of 

rl.n. ~»' ha._o boon t.~her ~rove~t · m the 
14c lnoorporatton 

ot o)11ldmio aoid. in Jualone ( ) (fmni~ Jwsalancl• 
• t • • • 

. • . ~- 1-fO o· . . . 
aoooo) IU1d l\o.Q~na( .. e:ili>H ) . (fomllJ• lftln'~cno) 

(Lei~tnor ·& Zenlt 19611'! ~8)~ ·from ~he above. 4iaouoo1on i'C 1G 

112 

t • l " . 

apparon~ that· rilll$ •A•. ~· p~ o:t 'B'. is formotl froo ohild.mio . . ' 

.. I , • 

o.oid, vthile r1JI6 •c• J.e o'btniao4 from aoeto.t-o untto·. Th1o . 

loo.voa oD.l¥ throo oo.~bo»a of ~ •» • o.o ·ahovn~-+ fhooo thl"oo 

from· 
ahikima.te 

0 ' ' \ . 
~ .. 

from 
meva.lomlt e 

- . ..... 
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C atomo have boon ohonn to bo tormo4 in Juglono and Latroono 

(campbell, 1969) from ouco1natooomi-alclefl7do-thlam1De 

pJrOphosphate complcm c.\orivod from acetate and oltal.oaootatoa 

Tho acotato ana ozaloacetato are formed from olantno l.\Dd 

aspartate roopoctivol,y via tho Krob's cyclo. 

Bot1 loold.Da to tho overall picture of the throe rin,so 

of anthraqui.Dono, riDs 'A' is totalq from ob1ldtd c acid, 

r1rts •c• is from acetate milo i"irJ& 'B' io shared b7 those 

It is t10l'th montiOD.iiiB that o.xistcnco of both the pathners 

is not o~ roporto4 ill quinone ptsments, but aloo 111 

flafto1do, 1ootlavno14o aDd 1oocoumar1D pigments. Hero also 

tno bonaone r1ns0 aro tomod b7 difforont patlm'qo. !ho 

ochomo tor theso pigment ic given belotr. R1Dg 'A' 1o formed 

from acetates \ihllo •n• is formed from sh1k1m1c acid. Tho 

Ohlkimio acid forms pho~l-propnnoid ao14 (c6-c3 unit) 

(llc•Calle and lteish, 1965) tlhtoh then coDdensoo oitb activo 

acotatoo unite.: to form tho pi(plonto,, 



Ni'· 
'5 I a + 

CooH 
(Acetic acid) · (Phenylpropanoie acid) 

I 

~ 

(!so-coumarin) 

J 
f 

~· 
(Fl.avono.ids) 

difte~enoe in th• mode ~t 070li•ation ~t the int•rm~diate 

formod bJ the oond•n•atiou of aoetatea a.ud. •hikae:te ao1d 

derivative• (Rob1na6n, 1955r Biroh and Donovan, 1953a 
' ' 

Bogorad, 19;8a Heiah,·1960, Griaebaoh, 1961, u.d Grisebaoh 

and :Ollie, 1961 ) •. 

Though all thea.o obs•J"9'att.ana hB:Ve been· m&de 1.n higher 

plants, it 1• quito logical to •xten' th•• to animal•, 

b•oaua• the pigment• of plantd haYe ·•imilaritJ with the 
. . . . ' 

.. 
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e.a ttoll. 'rhus omoclln 1D baoio pigment ot tung! and so-voral 

h1shor plato ttb11o tho loomor of cmo41Jl is tho p8l'ent piiJmont 

found 111 tuoctc (VoD!sa.tram-811 s1 ,el. 1967& 1968). !rho 

Blophclr1smn pt.Bmont an4 tho pigment 1eole.tc4 frc>m Juraco1c 

ci"1Do14 (Ap1ocr1nuo opp) b7 Blume:r (1951 0 19600 1965) afo 

aU related ctru.otu.ral.17 to ·~or1ciD1 1 a plant pigment 

belouatDg to famtlr Guttltorao (Sovanant 1965a Blumer 1968). 

The spf.nochl'omoo of oob1Dodorms arc hrdroX¥ DO.phthnquinonoc 

~uot liko ~UG10D01 le.ttoono otc. of tho plant lti.Ds4om. 

smnmtq up the b1oOJ11thotlc pt\thutt¥ in '.lsm-bAQema 

&ntomo4J.E a slmplo sohemntlo 4183l'8El ~ be stvon c.o: 

I I 
Acctat~ f' ~8111k1mte BOlli 

·Pigment 

aromatic amino 
ac14o 

fho procurcoro chlld.mlo aoid and tho aootato of tho 

ptsmont anso from carbo)O"t\rato motabollmm. t1hich alone or 

roact toaothor can form the pifpnont. Tho ah1klm1c co14 'IJJJl7 
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bo direotlf tnvolvod 1n pigment ~ormation or lt ~ bo 

throuBh tyro~o. pbem,la~ino. fhorofore, futuro atudioo 

ohould bo dono on tho linooa 

(t) !o find out tho extent of involvement ot ob1k1mlc 

acid and acotato pathwars 1n the pigmont tormntton. 

14 fhl.s is to be done usiDa 0 sh11Wa1c acid aDd 

14c acetate studies, and studrtDs the position 

ot the ir.loorporatton of these labels in tho 

different ~o. 

(11) To ~ind out 1t ahiktmlc acid 41rect1J takes part 

1n the piGmont formation or it te.kos plaoo throUGh 

arooatt.c amino acids. This stud;r is to 'be carrtocl 

out b7 teo61t14 14c pho~ttl a.le.nlne and tJrontno. 

(1U.) The roloc of movalon1o acid and malonic e.otd 1n 

the tozemo.tton of pigmont ,uotDs 14c tracer otud1oo. 

(tv) Tho otructuro of pigment shot7s sovoral mothJ'l 

sroups 1n B-pos1t1on. ~he origin of motb71 aroupc 

hevo boon through methionine in other ptsmento. 

abat role doos methionine plSJ 1D making the 

ptgmont in Blophar1sma ic to bo invoot1ge.tod. Th1o 

can be done uoilag labelled moth1on1Do. 
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the stuq done on the b1oqntb.es1• of tbe red pi&Jaent 

of Blepbarisma int ermeUua ( 1n41en specie•) can be aumma.riae4 

881 

(1) !he pigment is contimlouaq produced b7 the animal. 

(U) fhe pipent ia JJ.Ot formed during the proteiD 

fiJ'Jltheeis. 

(111) The pigment is a metabolic product, and it is 

f:ormed. a• an oft shoot f%'011 the carbob;rdrate 

metabolism, tb.rouah eeconciaz7 reactiou. 

(iv) the cntmal makes use of acetate unit• and the 

abittmio ac14 tor 'JDthesis ot its pigment. 
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iho p1Dh to zto4 Pi&tnODt of' Blopbori.CD3 lo phot~o 

ill noturo tlDd ito prooonco in tho aotcal o.ppoa.ro to bo c 

llcbllitJ rothor en nooot ( G1ooo0 1912 ) eD4 Jot ol.l tho 

vCI'iotioo ot Blopho.riala o.z-o pigconto4. fblo pz'OOODt otuct.:. 

toaothw oith other obcowntiO!LO, ouch no, thct tho clblaoo 

havo 11.0t been ropono4 111 ~tv.ro OMopt oao fi'CD Jnpan 

(lDaba .21 a. 1958>. tho lo.boratoJ7 mutoato tun pi.Dlt ottozt 

Ocq)lo of contho (G1oco uupubl1sho4a RoP'\11, 1968) llDi1 tho 

clooplJ plGDoDtod. formo a.ro bicaor OD4 coro vi(lorouo tboa 

thotr olb1noo CJUGGOot thot tho picJnonto4 anSmalo GllOt ho.vo 

came ooloct190 a4vontcao OYer their albtaoo. 

BO'C'Ov~. it aaot be oonttoooct that tho ptgmont t.o lotbtll 

to tho a.n1mol o~ 1D tho otroug Uaht ODd oqgon. In ito 

no.tural. ho.bltct tho BloJ)hori.cco.o llvo ODl7 1n tho elSe ~ 

cod 'Chon tbo CJUD. liGht bocoooo bright, thoJ are tcnm4 doop 

in tho pODd or bu.rict'l in tho 4obnc. tho procODt opooloc 

of D. lntol'C041uo 1o f'OUD4 111 poolD throUahwt tho oOUDt1'7 

4U1'1116 tho ooo.oon botnoon tho JaODOOOD aDA tho 4r.Jlaa out ot 

tb.e pcm4s (Soohacb.D.r unpubllohod). 

fto aomal tunotlono ot o.n intoaumontod aoocbro.:neo nrc 

protooticm. Q{Jo.1DDt tho J'041nt1onn (Davto S, .Ql 1963, 

Pullman, 1912), aoobaDS.ool protoot1cm, ohoolcol dofonco on4 
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thermal regulation. 

It ~ thought that since the Blophaoismao discharge 

pigment granules undor stress it might possible be a 

protective action against predators, since tho pigment in 

high concentration is toxic to many kind of cello(G1ose 11949). 

Ho\7ovor1 the Blephariamao grotm in mixed cultures 1n dim 

light aith other ciliateo • each aa Colpidum,. Paramecium, 

Stentor, Di41n1um and Actinoophaorium do not discharge 

pigment v~en they collide 111th their neighbours. On the 

other hand, Aotinosphaerium and small crustaceans rendi11 

oat the Blephariemas, therefore, the pigment does not seem 

to protect the Blepharisma against its predatoro. 

Gioso (1965) baG ohoun that tho pigmented Blephariema 

1ntor.modium are more resistant to tar uv radiation damage 

than their albinos. Ho has also show that the rogenora• 

tion ot pigmented B. ~aponicum oxpoaed to far uv is 

rotardod less tban the albino mutant. These tindingo indicate 

that the pigment is actib& ao a ocreon and prevents tho animal 

from the damaging ottoct ot tar uY radiations, but at the 

same ttme tho iDtorosting observation made by Giese (1967) 

that unlike other protozoans which possess about 95 Y. ot 

photo•rnoraal enzymo system, the pigmented as vell ao tho 

albinos have only about lO •,t. ~his means that the animal hao 

besides the photo-reversal e~e system, some other agoucy 

to repair tho de.mngo ot tar uv radiations. 



!ho role of tho ptsment ill actiDG as a supploment817 aaono7 

to tho photo-reversal enB7Jllo &J'stom to ropa.ir tho tar uv 

d.ameSo wo atudiocl 1n tho present 1nvost1gat1on. 

Blopbarlsma ~aponicum and B. 1ntormoc11um o.ro tho tl70 

doop]Jr ptgm.entocl opocieo of tho genus Blepharioma. .:fboso 

t~o arc tho largest specioo knoan having oino 45G-500 and 

200•350 ,am roopoctivo:L¥ (Oieeo, 1973). fho rolo of tho 

pigment in govorntna the sizo of B. lntozmodium (indian spec1oo) 

\'10.0 undorta.-hon. 

iho arotttb ot bnctoriao (Buchbinder sl..!.l• 19411 Kuru.p 

&Dd Brodie, 1966a Jasgor s1 ti_, 1964; Bucha.rd and. Daorld.n, 

1966; Kaehket and Brodie, 1962a Hollaondor, 1943)1 t!B51 

(Brandt, 1964; Epol and Krause, 1966)a protoaoa. (Bpol an4 

Krause, 1966)1 alaao (Bpol o.nd Krauss, 1966; Kotml,Ult,1965) 1 

hiMor pl8.11to (noa and Edsall, 1967a no1n .!1.91• 1965a 

~obr, 1961) and animal tissuoo (ttolla and Gioae, 1950; 

Santamaria aDd Prine, 1964a Bounds and Olson, 1967) io 

dela,od or 1Db1bito4 under the 1nfluonco ot near ultra­

voilot and vis:l.blo light. fhe dolq 1n grot'fth 1a duo to 

damaao ot onldativo roopirator.r s7stem of tho mitoohodria. 

Tho near uv dol~s aronth because it damagoo tho quinoneo 

ot tho roop:l.rato17 chain end oonsequontq offecto tho 

phosphor,vlation and production of onOrSJ (Almquist, 1937; 

Bt11ng S1.!!• 194)J Brodie an4 Ballalltino, 1960& Kaohltot 

and Brodie, 1962a ~ita .2!, a,!, 1966; \7orbin .21 ~. 1974). 
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the visible light delqs the growth me.iJUJ' due to the 

damage of cytochrome oxidase qstem (Bpel and Butler. 1969• 

19701 Nilm41Dl8Jlll .!1.fl• 1970) •. 

Since the Blepbar1sma pigment is a quinone (vidtt 

Chapter Ia Mf$ll•r• 1962a sevanant. 1965). it was th.~t 

that mq 'be lt ia protecttDg the quinone system of the 

m1tochon41"1a b7 takirlg the rap ot the radiation itself, and 

acting as a redox agent. So tar onl.J the ub1qu1nonea, 

Daphthoquinone, vitamin K group, and plaato-quinonee have 

been shown lD v1Yo to be the potential redox agente ·involved 

u the coupling nth phorpho;tylat1on ·(Morton, 1965a 

Brodie, 196~a JU.tchell &lid Jlarr1o.n, 19651 Ito !1.!1. 19701 

Jagger. 1967a Werbin .!1!!, 1974). Though the anthraquinone• 

have not been etudied bllt 1t1 nitrogen. aulpbur and oqgen 

analogues INCh as acr141nea (Phenuinea), phenth1az1nea . 

(met)\ylene blue) an4 phenoxaz1ne have been ehown to be 

potential redos agent• in the labore.tor.v (Sexton, 1963) •. 

The Daphthaquinonee and anthraquinone& have been shown to 

protect the tlaYin system, while the phenanthraqu1Dones 

catal,rse the CJC11c redoa process in Ehrlich aa-c1te cella 

(Jiitchell and Marrian, 19651 schmidt 1: Butler. 1976). 

fl}e present etucQ- hae been undertaken to enrich further 

our idea• ot the photoprotection.tunction ot the pigment 

vis-a-vis growth. fhe filtera were ao chosen that the7 



transmitted onlr the wave lengths which were a~sorbed b7 

the pigment. !he epec1f1c wave length far uv filter waa 

not available, therefore, radiations ooYeriD& whole of far 

uT were W!led. Equal number of pigmented and laboratory made 

albi110 Blephar1amaa nre aimul.tuaousq irradiated under 

identical conditions and the protein ~thesis 1D both type 

of the animals waa aeaaured. 
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QATBRIALS IJID HETRODS 

Blephariama intometium Tlild type and tho albino 

Blopharisma intormodium \7ero the materials used. The albino 

animals were obtained trom the red animals by the method 

alroadJ described. 

tmfHODS 

!he rolo pla,od by the pigment in proteiD synthesis 

Yioa 'f'1o growth t18.S studied. Tho albinos ao \"loll ao red 

Blephariomao vore irradiated \"lith light ot specific ~vo 

loraaths oimultaneousl_y. Tho TJa.Ve•longth8 uere so chosen, 

that they corrcopondod approximatel.¥ to the w.vo-longths 

,a'baorbod by the pigment i.e. 225, .340, 4901 5401 580 nm 

(Tablea 1.1 & 2.2). As the filter tor 225 nmo ~as not available 

tho UV light from 30\1 Philips (Oat. No. 57413 P-40 Jt8) tubo 

tittod in tho UV chamber gao used, tor other ~vo-longtho 

the Russian filter numbers 7 , 0 8, C )09 1 *3C9 and ~C20 ttoro 

used tor oave-longths )50, 490, 520 and above 560 rospoctivolJ• 

The source of light for these exporimonto oas high proseuro 

mercury lamp ot 125\7 (Philips HPL 125 catalogue No. 5723611). 

fho bulb t1ao fitted in a uooden box fitted both \"lith choke 

and starter and having 3" diameter opening tor holding the 



1-)f'! , ...,a 

tilt or. 

tho general procedure tn all theso exporimento ttao 

ao tollOt'Joa 

Soparatoll' oqunl numbor of rod and albiDo eaf.malc 1D 

20 m1 ot t:roohl3' proparod cultured mocU.um conta:iniDS 50 .ua/ml 

of stroptOJQ'cin ttero taken in tt7o 50 m1 col"%11D6 boakora. 

Thoy ooro irradiated oimultanoouolJ 1n dark oith oonotant 

st1rrtns rr.l.th tho maaontt.o otirroro. After 11Ta41at1on 

tho nnf.mal,s ooro o.llot10d to rocovor tor half an hov at 

room tomporaturo. CUlture medium in ohieh tho anSmalo 

t70l'O f.rrc.cU.atod t1U chanaed nith tho froob one. In d.itforent 

tuboo equal number of rod and albino antmala · T18ro takon. 

:.rht~y \'lero labelled Tlitb 14a Loucino (D.ARC, Bomb~)cpeo:U'ic 

aot1v1t1 120 mc1/m mole in tho le.ot ono hour, that is, . 

labol,.lina t1a0 dono 1.\ftor 1, 2 an4 S hours of irradiation. 

~he reaction uan stopped b7 keeping the tubeo at 0°0 and 

tho proteins prooipatod attor homoaen1sat1on ill cold b7 10~ 

TOA. Tho procipatato ana t1ltorod 1n m111poro tf.ltor tTnOhoa 

3-4 timeo \11th cold 51. TCA. Tho f'inal TJaOhiDa t1a0 dono t1ith 

a oolcl minturo of o.lcohol othor (Ja1 ). the tf.ltero t1oro 

dried and then counted in liquid eointillntion counter in 

a toluone baaed liquid ccint1llation flu14, oonta1n1D6 

4t;/11tre PPO aDd. 50 ms/Utro POPOP. 
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tho oeao/oqu.al munbor of p!pontod aacl albino 

Blopbar1omao '001'0 irrcc\ia.tod ailmlltcnooual7 in tho dark. 

Thet t1oro ezposocl to tho ultra-violet radiatioDO from a 

30 flatt uv light tor 5 and 1 minutec, anc1 t11tb radiation 

ot 3500 480. 520 and above 560 am usillg tiltors. Tho proto1D 

IQ'l'lthesia :l.n the el.binoo and tho piGmented t10.0 mea.surod 

aftor 2,3 and 6 hours of il'racU.ation. Tho rooulto a.ro 

obotm in tabloo ).1 and ).2 aad Piga. ).1 to 3.5. 

Btfoct of u1tra-v1olot lisbf t 

(1) 5-miDutoo ra41at1on eftoot c 

Tho ptsmento4 and tho albino animalo immodiatol.J 

attor irracliation 8ho\104 ma.rltod diftoronce 1n 

theU' mobility. l.1ar.l¥ alb1Dos formed o1uat·ortJ 0 and 

tho onoo mioh troro 8t1i.mmill&. ttoro 4otna oo clo\717 

ao compared to tho piamentod onoe 0 all of l7hioh nero 

st'f!mm1J26 o.nd appoarod normal. After ttTontt•fouro 

of irra41at1ono all the animals (plgmonto4 and. 

alb1Doo) t7oro alive but tho albinos lookod omal1 0 

lese •tBorouc end mobile than tm pigmontocl onoo. 

As is evidont from tho reoults (!ablo ). 1 aD4 

Fig. 3.1a) that the proteiD syntbeoto 1n tho 

p1amentod animals TJaS oonoidorably moro (moro thnn 
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FIG.3.1o.EFFECT OF 5 MINUTES U V LIGHT ON PROTEIN SYNTHESIS 

11g. 3.1(a) Effect ot 5-m1uutes radiation ot 
ultra-violet light on the proteiD 
eyntheeia in equal number of albino 
and ptamente4 Blepharima•• fhe 
tnoreaee in protein ayntheeis in the 
pigunted animala is evident and. 
l>esidee the pigmented u1mala aeem 
to reoover taater from the uv effeot 
u is evident from the 50 '/• and above 
enhancement in the prote1.n ayntheaill 
after 3 and 6 houre. 
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30 ~) than 1D the alb111oa. Another notable toatu:ro 

io tho quick recovo17 from the uv damage of the 

ptgmonto4 anlmale. fi\is is 1n41cntod b7 tho 

incroo.co4 J)rotoin synthooio ( 60·70 %> in tho 

an~ malo aft or l an4 6 houro (fablo 3.1) ovor thoir 

albino counterparts. 

(11) 7•miautoo ra4iationo offoct a 

L1lto tho 5•m1rmtoo the immodiate ottoct ot uv 

ra41atlono ~ on tho mobilit; of the pigmonto4 and 

albino Blopharl.oma. Host ot the albinoo formed 

olustorod ~horoao tho p1gmento4 lookod slugaioh 

and moved slow~. After tuent7•four all the 

albinoo barrins a ton t7ero toUDd doad, wile tho 

pi~ntod onos t1oro alive and normal. 

fb.o protein vnthooio is much more (about 50 7,) 

in the pigmontod oneo than 1n the albinos. The 

rGDUlto of protein oynthesis &.rtor 7•mimltoo treatment 

rovool tha1t proteins oynthooic io oeriouo}7 impaired 

1n BDSMlo. !hie oboorvo.tion 1c baeoct upon tho 

observation at much lose protein ornthosis in tho 

7•minutoo troated animal& as compared to tho 

5•miautoc troatod once. 
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flv·3.lb. EFFECT OF 7 MINUTES UV LIGHT ON PROTEIN SYNTHESIS 

' I 

~------ ------~--~--------------------~~------------­~ 

~--~-

Effect of 7-~ute• uv radiation 
on the proteiD syntheaie in equal 
number ot albino and pigmented 
Blepharismaa. 
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Jttect ot noar uv <m DJD)ancl visible lisht {480, 520 

!n4 >560 nm) t 

~ 

the ptamont a.ro o.t 340, 49.0, 540 and 580- · . DOJ 'lho tiltoro 

correopondiDg to these or ne::n-11 the same 'aaVG loragtho uoro 

oelectod and the equal number ot albinoo aD4 piGmented aoro 

irracllated tor 30 minutes and tho protein qnthesio T18S 

moasurod aftor 2,3 on-d. 6 hours of inacllationo. fhe reoulto 

o.ro civcn in table .. la2 aDd Pigs, .3.2 to ).5. 

(a) Ettect ncar uv (350 nm) light a 

Tb~ immediate effect attor irradiation alth 

350 mn on the animals vero on their mobilit7. Tho 

albinos moved slovlJ o.nd a te\7 become rounded 

t:!horoao the pigment eel ones looked normal and \7ero 

8t1i.mm11lG liko their usual tml'• mezt dq, that is, 

tt1ont7-i'our after irradiation the albinoo thouah 

all alive looked smaller and loss mobilo and 

vigorouo than the pifpnontod animals. Tho protein 

0711thoeis in tho p1amontod animalo (Table ;).2 top 

Uno, Pig. ),2) tJaO about 50 2 more ao compared to h, 

the albinoo. 

(b) Etfoct ot visible light (480, 520 and.> 560 Dl:l) 1 

Ia all thooo cnaoo aloo the effect ot radiationa 

\1aC f'olt on tho mobility of tho albino Blopbarisma, 



11'11.-r 
Pllter uadter Ke.er ... --- Uliaaltt/ 

~DctJt. .& 
• (a) 

1 • ., , C8 sao 1,500 

a. c.a c-e ceo 1•500 

*• :J.3C8 &20 •• ooo 

c. l C.20 >580 1.500 

Btfect ef ••r uv and vtalble ll&llt • the prowlA 
aptlleal• lD tta. p.t.gma~d aad alblao BlepU...l._. 

Velua n. Jntea•ltF lee :r..acs.- het8ta •ptbltat• after 
lawblcb ...... et~ ..aci/al srncrlatlollll· .,.,. 
&Di.al , ... cllatlOD ..... Uft.dl&UOD (LqX) .... 3hi'S . .. 

• A p A p A 

2al 310 ... ao o.s 11,444 ..,. ., .. •» . .. 2107 

2111 30 Ida. 410 o.s 1.710 lata 1401 aYa 1211 832 

2111 30 eta. c.ooo 1.0 C7•281 Hlle .fAOS »1 .. 18NI 15HO 

2al 30 ••• ... 200 o.s 91S S20 •• 713 ,., .. .,. 



!heae ani.mals showed decreased. mob1litr and thia 

obaerve4 ettect decreased tram 480 to 520 and. 560 

ma. The albino• 1n none ot these oaaea tormed 

clusters and were alive after twentr•tour. The 

onq noticeable change next dq was in the size. 

mobil1t7 and the Viaour of the albino antmale. 

Theae animals except in the case of ) 560 nm treated 

albinoa looked smaller. less mobile and Yigoroua 

than their counterpart red Blephar1smaa. 

!he conclueion Which can be drawn from all 

the above atudiea is that the pigment protect• the 

animal from the radiations. The protection 1• 

most pronounced a&aiDSt the tar uv radiation. 

followed b7 the near uv,480 and 520 nm and t1nal1r 

')560 nm. 
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Pig. ).3 Effect of 481 nm light on the protein 
8)'Dtbe•1s in equal number of albino 
and pigmentsd Blepharismae. ~he 
protein eJD.theais is more in the 
pigmented animals than in the albinos. 
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DISCUSS IOU 

Tho follooing aoneral1zo4 observotions can bo 

made from tho ozporimonto conducted on pigmented and 

phoDOtJPic albtno Blopharioimao using ultra-voilot and 

visible light. 

(1) Tho protein G111thos1s is alwqs more in 

pi$monto4 animalo ao compared to 111 tho 

albino animals. 

(11) Tho ptamonto4 ontmals alw~o looked bigger~ 

hool.thier more mobile than the albinoo. 

~hose obsorvationo indicate that tho pigmented 

»lepharismac have a natural advantaso over their albinoo 

in terms of vigolU", mobilit7 and oize. 

To approoiato the role played by the piiJJilent 111 

Blepharisma, it is \70rih \1h1lo to take into account tho 

tindingo harvested out ot olmilar photo-o%por1monto in 

the caso ot other or&anisms. 

(1) Par ultra-voilot light {200•300 mn) • 

The tar uv radiations in 250•280 nm aro mainlJ' 

aboorbod b7 tho nucleus and to a much lesser o:tont b7 the 

cytoplaomlc proto1no. fhe nuclear absorption of thoso 

radiationo dona.turoo the DNA. The denaturation is duo to 

tho formation ot P¥rimid1no dimors. Tho dimorisation provontc 
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or etfocto tho DO~ roplioatloD ohioh ovontuallr 4oorooooo 

tho proteiD cynthoaia. !ho d.imoricatloD roe.ctlon 1o 

rovors1blo. (Bouhorc £!. ~ 1959a John .9! .!1, 1962a 

Sotlow, 1961a Sotlou cm4 Carrier, 19661 Sotlw .21.91• 

196~51 Uu.l.ft, 1963). !ho boclma.rc! roc.ctioD thet io 

ooDomoriontion ~ PJ'ri.mldirlo dimoro can bo 4ono o1 thor 

b7 tho plloto-roo.otlYo.ttvo onqmo (prooODt in all tho cello 

alona t"11th :DllA) or b7 innc11nt1Dg tho o.ftooto4 ce~l b7 

far uv rc41at1oDD of 239 11m (8otlot7 and Sotlol1, 1967). 

~ho ronction can bo ropreoontod aoa 

280 11!!1 
2 P,rrim141Do PJ'rimlcUno ditlor 

239 DO 

It hc.o boon f'oUDd out tho ~o 40Do b7 280 110 of tho 

tu- w rtUliflt10D. 1o aloo reversed b7 oor1:DJ.D qoo (Sotloo 

c:md. Carrier, 1961). Tho onoru abaorbo4 bJ tho cJ¥oo lo 

PQoso4 011. to tho DnA b7 onorQ trunetor mochaniomo aa4 

tbio oDttrQ is uoot\ 1n mono.corioina tho dJ.mors (Sutherland 

0114 Suthorltmd, 1969). !bio monno that tho dyoo aro act iDa 

1n n I:':!!Ul1lOr o1m1lllr to tho 2.39 m radiat1ono. 

(2) Uoae uv. llaht (300-400 a) nact vtolblo 116ht • 

ib.o bzoo4J.nt1on of U.vlns 07atoms aith ncar U¥ 

Uaht ODd V1o1blo Uaht 4olcy tho srottth in baot.orlc,, 

(Joaaor s1 Al• 1964), protoaoa (Bpol tt Krauso, 1966), 

e.l4no (ttoanllik, 1965), hiGher plsnto (IUoill and E4oo.ll, 

19671 Cohr, 1961) aac1 cmimal (Bola) cello (RWa o.n4 E40tlll, 
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1967). !~• de~ in the growth is 4ue ·to the adverse 

ef:tecte ot the nfle.r ultra••let and v.1s1ble light on the 

oxidative respiratory ayl!!tom going on 1n the m1toch1D4ri.a. 

ot "'· cell. 

!'he; normal pathG7 ot the oxidative reap1rato17 ayatem 

ill a cell let• 
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Ao can l)o ooon from the abovo dlqram that tho 

rcopirato17 ozidativo syotom is mad.o from tno 1ntormin6led. 

and interrelated systomsJ ono tho electron roapirato17 chain 

sJotom and the othor oxidative phoophor,Jlation oystcm. 

In tho olootron respirato17 cha.1D o.rstem tho elootrons o.ro 

transported froo N.ADH (somotimeo from succ1Dato and malate) 

to oqgon through flo.vo-protolns, 1uinonoo Onaphtho•qu1nonoo 0 

vitamin K sroup, bonaoquinoneo oto.), and cytocbromos. 

111 tho ox14at1vo phoophor:rla:tion the A'IP is formed from 

.AJ)p at throe 41ftoront oiteo ao ohoon. Both the oyotomo 

aro important for the gronth but Brodlo and Ballant1ne(1960) 

and Lakchaura.( 1969) havo provo4 from their onporlmont a that 

oxS.do.tivo phoaphoJ7lation is moro important than the electron 

roop1ratar,y chain. It is ~lte understandable booauso ATP 

is tho priJna.%7 oourcoa of chomlcal energy for all tho 

aorobic organiQio....ms. 

Tho oxporimentc (Almquist 19J7a Ett1Dg S!., !!• 19431 

Boyar, 1959; Broclio and Ballantinoa 1960a Knohkot and 

Brodie, 19621 ll'u31tc .21.!!• 1966t Oorbin £1 ~. 1974; 

Creed !1~• 19711 Jaasor, 1972a Harquea and Brodio,1970) 

nith different oyetemo havo ostabliohed that the qulnonoo 

are tho maiD t61"6eto ot ncar ·uv ra41at1ono (300.380 lllllO). 

fho o:porimonto ohovod that the <lama6e 1.D the qu.inoneo 

attocts tho ozide:U.vo phoopho~lation more than the oloctron 

roepira.toey chain. fhio results in leso production ot 
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A'iP an4 concoquontl7 srot7th is dolqod. 'iho flavoprot:o1no 

and oytochromeo are also ottootod b7 tho noar uv but thotr 

oonsitivit7 is much less ac compared to tho quinonos. 

SUmm1DG up the ottoct ot noar uv on oxidative rospirntor,v 

system tho sons1tivit7 of ditforont components of 

reopirator.r chain io Baphthoquinone)Bonaquinono)Plavoprotoin) 

Cytochromes. 

'ihe delq in growth in different li:ving systems "C"hon 

irradiated aith visible l1ght hao been shonn to be ma1nl7 

due to the 4amaao· in tho o,-tochromo Oldclnoo s,yotom and to 

oomo extent 1n tho flavoprotein (!poland Krauoo, 1966a 

Bpcl anct Butler. 1969; tlinnomann s1 !!• 1970).~ In 

contrast· to tho ncar ultra-violet light the reopirator,r 

chain io attootot\ moro than tho production of AfP. 

Prom tho :toroaoiDg d1ecuso1ons it can be stated that 

tho protein syntboo1s or the doley in gro'C'th ia thore in 

tho living syotems etu41etl so tar. and oitoo dt.\magoc.\ b7 

theoo raclie.U.ono is dUfercnt ao io shonn in the tnblo J • .3. 
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In the light of the above metabolic frame, the role of 

the pigment can now be discussedc 

I. Reaction of an1mal• to UY light t 

The result• of exper:lmenta of the protein qnthesia 

ot 5 and 7 minutea irradiated pigmented aud phenot7pic 

albino Blep]Wiemaa abow (Table ).1a Fig. ).1a and b) that 

the pJ'9te1n syntheaia ia much more (approxtma.telt 35. ,.t) 
in the pigmented animals than in the alb1Do11. Besides thia 

it waa obeerv•4 that moat ot the albinos clumped together 

when irradiated tor 7 minutes an4 they were found dead the 

next dq (about 24 houn after the irradiation). !he cl\UilplD& 

ot albUloa waa observecl nth 5 mlDutea ultra•violet treatment 

also but the animals 414 no'\ die. The pigmentecl an1mala 

alwa.J• remained mobile and normal, through 1m!Hd1ate1J 

atter irradiation the7 looked eluglah. 

fheee findlnga indicate that the pigment protects the 

DNA and the qtoplaamic pi'Oteiu of animala from the 

damaaina far uv ra41at1ou, as a reault the protein 

synthesis an4 the oiliar.r, movements go on uninterupted. 

The pigment ot Blepharisma• be111a a etrong tar uY abeorber 

(fable 1.2 and fig. 1.1) ~be aottag like a screen or it 
' -

1e also possible that the pigment ls med1at1Dg u a d3'e, 

specially' when the photo-reversal ayatem 1n pigmented. and 
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alb1Do Bl.,bari..a 1a oD17 about lO '/• (01ese, 1967) aD4 

the energy absorbed by the 41• (pigment) is being · 

transferred and is used for monomeris1ng DNA dimers. 

It will be reall.7 interesting to experiment in vitro to 

find out if Blepharismin is capable of acting aa enercr 

transferring qe like protlavin and acridine dyes, which 

have been known to monomerise the pyrimidine d1mera. 

It seems then that the pigmented Blepharismas are better 

suited tor life thaD the albinos. The resistant nature 

of the pigmented Blepharism& 1n tar uY light has also been 

noticed by Giese (1965). 

II. Reaction of albinos to near uv and visible light : 

(a) Near uv light a 

!he results of protein synthesis of pigmented 

and their albino Blephe.rismaa after they were 

irradiated for )0 minutea by 350 nm, indicate 

that the protein synthesis is much more (50'l~ 

1n the pigmented Blepharismaa when compared to 

in their albinos. The oiliar,y aovements were 

also more in the pigmented. 

These results indicate that the pigment aeema 

to protect the oxidative respiratory system of 

the animal, by absorbing the radiations (.300•)80) 

which, otherwise would have damaged the 

mitochondrial system. fhe pigment is a quinone 

• 
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(Chapter I of the thesis) \'71th max2mum 

aboorption at l40 mn and it 1o vo-q liltol.y 

that its behaviour lo on the lines of othor 

quinonoo (na~hthaquinoncs, monaquinones 1 

ubiquinonos etc.) ~hich as mentioned above 

arc ltnom to effect the od.dativo phoophoqla• 

tion end AfP production. SUch a reaction must 

bo tald.ng place is evident from tho fact tbet 

the rod colour of the pigment booomoo blue in 

the presence of ncar uv light (Gieso unpubliohod). 

(b) Visible 11Bht 1 

Tho rosultc of protein synthesis oxperimento 

conducted on pigmented and their albinos attor 

the)' t10ro irra41ato tor JO m1nutoo with 480. 

520 and above 560 nm visible light. indicate 

once esatn that the protoia oynthosis is moro 

in tho pigmontod animalo than in tho albinoo. 

Tho oili&17 movomonto \70ro also oftootod thoUGh 

much loso oomparod to vv ltsht. fho c111a2:7 

movomento ~oro more affected at 480 mn than ~t 

520 and 560. tho protein qnthcaio in albinos at 

560 nm attor 6 hou~ oao also practical1J aamo 

ao 1n tho plgmonto4. 



14§ 

!hoeo rooulto asain point,/ out that tho pigment by 

o.boorb~ the ra.d1at1ono (Pig. 2.1 J fa.blo 2.2) provont tho 

48lll860 to the old.dativo roapirator,v oyotom, opoc1all.7 to 

tho oloctron roop1ratoJ.7 chain, ao a rooult tho protein 

eynthos1o and the ciliar,y movomonto arc not atroctod. 

Summ1DS up tho above observationo it can no\7 be otate4 

that piemonl protocto tho animalo &Gainst ultra-violet light 

as ooll from the vioible Ught. Since tho pisment ou 

protect the anSm.l from tho radiation tthich aro knotm. to 

bavo advoroo oftoct on aro~h. obviouolJ then tho animalo 

bocomo bettor ou1to4 ODd a4optod to their onvironmonto. 

Enbancod. sons1t1Vity of phenotypic and sonotypic albiftoo of 

ttto opocios ot Blopht:Lr1cmao (name not aiven) ao colll}C"'4 to 

pJ.smontod o.nimalo hn:tJ-_ boon obaervod by 81eoo (unpubliohod.). 

ThllrJ tho nature by proY141Dg tho pipent has given oolootlve 

advantage to tho an1 malo. 
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fhe reaulto of oxpar1monto of protoln QYnthao1c 

oon4uoto4 oiEinlltanoouo'l.¥ on oqual number of pigmented ancl 

laborator,v made &lbiDoo Blopbariomao uith different filtoro 

and uv light oh0\"1 tho tollot11ng foatureo. 1 

1. Tho mobility tmmo41atolf after 1rra41at1ono in tho 

alblnoc mo al-mqo loos than 1n tho pigmented onoo. 

2. fho p1gmonto4 nnsmalo after t\70Dt)'•four of irradlno 

tiona all78iro looked normal, healthier 8124 vi4orouo 

tholl Ao albinoo. 

3. tho protein sJD,th.oolo oao invariably more in tho 

p1gmonto4 animlo them in tho albinoo. !he proteiD 

qnthooio 1n tho albinoo at lo\"10r \"1aVo lonstbo vta. 

uv 350, and to oome ox<tont nt 480 am oa.o mora 

ooriouolJ ottootod than at 520 and above 560 am. 

4. !ho ptsnont is protectillg tho auimalo from ultrn­

violot, and visible lisht and that tho J!lOOt effoctivo 

vioiblo rQSion io 480 llllle 

5. Tho rooo•or,r from the ultra•violot llsht 4amaso 1n 

tho picnontod azaimalD lo quicker than 1n tho clbinoo. 

6. tho p16mont in Blopha.riema ooomo to bo a naturo'o 

blooo1J.1a an4 oooms to bo rooponsiblo to como oztont 

1D GiVins vtgorousit7, oiso and mobilit7 over lto 

albino countorpa.rio. 
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