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P REPACE

The colouratioﬁ in en orgeniom has always evoked curiosity
of a zoologist and a chemist. The interest of a zoologist io
in the biological function of the goochrome vhile that of a
chemist is in its structure, origin; and the coroclation of theso
two with the function. From both directions much light has beon’
shed on the many mysteries regarding the nature, origin and

function of the goochromes (Needham, 1974).

Blopharisma, a holotrich ciliate is characterised by tho
prosonce of a photoe-sensitising .pink to red pigment called
‘soopurpurin? by Arcichévskij (1905) and 'Blepharismin' by
Sevanant (1965). This pigment 4s unique and the only animal
pigment reported so far vhich not only kills its host coll but
elso the othor colourless ciliates, flagellates, marine oggs
otc. in the prosenco of ptrong light (above 2,000 foot oandle)
and oxygen (Giose, 1953, 1946, 1957; Gilese and Zeuthen, 1949).
Stontor nigor, another oiliato also conteins photosensitising
pigment but unlike Blephasimin it does not kill its owm ocoll

(Tartar, 1961). Vith the exception of few wild type bactoris,



the photosensitisiné pigments rosombling Blephaxrismin in
behaviour have been roported only in the mutant forms of
bactoria, plants, animals including man (for summary, Giooe,
1971 b). It seems thon thet the Blophariema is the animal
wvhich hes incorporatoed in wild type, . in its gonome a liabilify.
in the form of Blepharismin. Yot suxrprisingly; no albinc has
been collectod in nature or reported, oxcept for one aﬁort
lived albinc mutent of pink strain of B, stoloi V, napai
collected in Japan (Inaba of al, 1958). On the other hand,
it hao_been obsorvod that the laboratory gﬁnarateﬁ albino
mutant of pink Podorsoo strain and anothor from & cyst of a
pink strain of B, amoricanum remainod colourlens for throe

months and later bocasmo pink again (Giose, unpubdlished).

Yhy hes Naturec baaﬁowod upon Blopharisma a liability,
and yot invariably elmost all the specios aro pigménted and
above all the deoply pigmented ones alwnysc appear to be moro
vigorous and are bigser in niso compared with the phonotypic
albinos and tho less pigmented variotiocs (Giese, 1973)?7

Giego (1965) has obsorved that tho Blepharismin

acto as a soreon and provent tho animal from the damaging
far-uv radietions; if that is the only function of the pigment
thon how are tho colourless protosoa surviving in nature. Is
it duc to the photorevoral ensyme systom which is about 95%
doveloped in protosoan as compared to only 30Z in Blopharisna

(Giese, 1967), that the naturec ic to compensatc tho defoct,



if so then vhy in a lethal form? To got some answor to theso

anopalous quoriss the prosent otudy has boen undortaken.

Throo 1ntcr~reiatad agpects were taken using B, intoxrmediunm
(indian ppecies) an the oxporimontal material. This specien wan
choson for its largo sizo (200«350 um) and well organiszed deop

pink pigmont granulen:

Pirot aespoct concerns the structure of pigment: This ioc an
oosential prolude to biosynthesis of any pigment. ligllor (1962),
and Sevenant (1965) have shovm that bigment of B. undulans
{american spocies) is some vhat like hyporicin; a photosoncitiscing
plant pigment of the family Guttiferac., Thoy havo bacod thoir
obsprVation on the absorption, infrared and fluoresconco spoctra
and have proposod only a toatative structurc., In this
laboratory the molcoular'woisht. molecular formule and
otructural formula havo been olucidated. Tho prosont findings
aro basod on tho spectroescopic tochniques like nuclear magnotic
rogonanco, mass spectroscopy besides the ultravoiloet absorption,

infrared and fluorosconce npectroscopy.

Socond aspect concerms with the biosynthesis of the pigmont.
ﬁo tansible work has beon so far done in this area., Tho
presont study coan be summariased in two stages, one wvhere
attompls havo boon made to find out the route of tho pigmont
formation, wig. it'c formation during protoin soynthosis from

the gene or during the metabolic procossos and secondly tho



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 aspeot is the function of the pigment. The
biological function of the pigment as a photo protector in
dim light vis a vis its role in giving size,vigorousity hes
been studied. The albinos have been genersted in the laboratory
(Giese and Grainger, 1970) and the effect of those wave lengths
which are absorbed by the pigment and the protein synthesis in
the pigmented and albinos has been measured. From the finding
an attempt has been made fo corelate the function with the

structure of the pigment.
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INTRODUCTION

Blopharisma intormodium has doep pink pigmont granules,
concentrated mainly below the pellicle., Somoe insight into
tho structure was esasential before tho experiments on
biosynthesis could be undortaken, The only work reported
in the literature is on the pigment of B. undulans (american
specien) (li¥ller, 19623 Sovenant, 1965) and & tentative
strusturo based on indiroct ovidoncos has been proposed.

The detailed chemicol study probably could not be undertaken
boceuse of tho fact that the animal contalns the pigment

only in micro quantity, Fortunately, with tho recent advancos
in the better rosolution of the spectro-scopic methods, it

18 now possible to olucidate the strxructure more cogently

wvith quentitios availablo in miecro~grams and milliigrans,

In the present investigations a otructural formula is
proposed dapod on tho diroct ovidences and compilation of
the date obtained from ultra-violet visible, infra-red
spectroscopy, nuclear magnetic resonance and also mass
spectroscopy. The fluoresconce spectrum was taken mainly
to compare the pigment with the pigmont of B. undulans. The
qualitative toots which preceoded tho spectroscopic studies
voro done to get oomo idoa specially about the presence of

phenolic groups in the moleculs.



NATERIALS AND HETHODS

BATERIALS
V1414 type Blopharisme intermedium counstitutod the
material, Tho Blepharismas were cultured in 0,5/ hay infusion,
vhich after boiling, cooling and filtoring was fortifiod with
Horlick ﬁilk. About 500 mg horlicks vas added to one litro
of the hay medium., The culturc was maintained in the B.0.D.

chamber in the dark at 25£3°C.

Chemicals « The chemicals and thoir grade, used in thiso

study are:
Acetone A.R., Sodium Chloride, carbontotra-chlorido(A.R.),
diethylether, distilloed abso;uto alcohol, potassium dromide,
Polin-clocaltou reagent, forric chloride, sodium carbonato,
sodium hyéroxide, aceticanhydrido

All these rcazento were frqm the British Drug house. Pure

nitrogen gas wag obtained from Indian Oxygen Company.
UETHODS

(1) Collection of the animals:

On the fifth day aftor incculation of the medium, tho hay
medium having thick susponsion of animals ﬁero contrifugoed at
1,000 to 1,500 rpm for 1 minute. Tho animals sattlo at tho

bottom of the contrifuge tube.

(2) Purification of the pigment:
The pigment from the contrifugod animals wap oxtracted ir

acetone and the extract driocd at room tempdrature.. The dry



£4ilm of the pigment was waghed threc times with carbonetotra-
chloride to remove the lipids; and tho coutents dried in
nitrogon. The pigment was redissolved in acetone and
transforred to a goparating funnel (Gieso and Grainger, 1970).
Diothyl ether and dilute solution of godium chlorido woro addod
and the contonts shaken. By this sotop the pigment frpm apotono
goes into the other. Acotone and other water soluble impuritios
wore removed by sevoeral washings (5-10) with dilute sodium
chlorido solution. The pigment oxtract was filtored and dried

in nitrogen atmosphere at 60°c.

(3) Qualitativo tests 1

A few qualitative tests wore done for ascortaining the

prosence of phenolic hydroxyl group in the pigment molocule.

(2a) 1 ml of concentrated solution of the pigment waso
treated with 1 ml of Folim-ciocaltou reagent and
2 ml of 20/, (w/v) solution of sodium carbonate. Tho
reaction mixturc vas warmed to about 60°C. (Folin
and Ciocaltou, 1927).

(b) The concentrated solution of the pigment in 507, othyl
alcohol was treatod with few drops of 0,5 N froshly
prepared noutral forric chloride solution (Bray and
Thorpo, 1967).

(c) ‘The pigment solution in acetono was mado alkeline with
godium hydroxide end then acidic with diluto sulphuric

acid. (Thomson, 1971).



(4) Spoctroscopic methodo i

(1)

(11)

(144)

(iv)

(v)

Ultra-voilot visible absorption opectrunm

The purified pigment was dissolved in distilled othyl
alcohol and the spoctrum was takon on the Bockmann
spectrophotomoter,
1nfra~rod spectruﬁ !

The IR spoctrum of the solid ves takkon as KBR pollot,
The moasurcmont was done in Grudb Parson (London) doubdble
boam infra-rod spoctrophotomotor at Indian Instituto
of Technology, Row Dalhi;

Ruclear magnetic resonanco spoetrum

The nucloar megnotic rosonance of the purifiod pigmont
wvas dono in doutoro-acetone in 60 IH Varian spootromefor
at Roading Univorsity, Reading (U.K.)s» Tho roadingo
wore takon at 250 and 500 gwoop widthso.

Nass Spectrum 1

ilags spoctrum vas taken in mass apectromotdr at
200°¢ at Reading University, Reading (U.K.)

Flouresconco spectrum 1@

The spooérum of pure pigment using acotono solvent
vas takon in flourimeter fabricated in tho Life
Seiencos départment of Jawaharlal HNehru Univorsity,

New Delhi.
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BXPERIUENTAL RESULTS

Qualitative tosts
{a) Polin=-ciocaltou tests

The pigment solution when treated with Polineciocalteu
roagent and sodium carbonate solution on warming to 60%
dovoloped bluo colour. fTho formation of dlue colour i
charactoristic of phonols, that 1o the bensone hydroxyl
Groups. |

(b) Perric chlorids tost

The pigment solution vhon troated with neutral forric
chloride solution devolopod groonish colour. Thisc again
indicaten the presenco of phonolic group in tho pigment
molecule,

(c) Colour chango with pH @

The pigmont solution vhich wan red changod to blue in
the alkaline pH vhon treated with sodium hydroxide solution
and again turnecd pink on acidification (acidic pH). The
chang¢ 4in colour in the alkaline solution indicates that
the moleculo ie a hydroxyquinono,

Thus the presence ¢f phonolic hydroxzyl group and
hydroxylquinono group in the pigment vorc indicated from tho
abovo tosts,

Spectroscopic rescults
(1) Ultra-violot visiblo spectrunm i

The ultra=voilet visible opectrum of the pigment in

slcohol shows absorption in tho far uv, ncar uv and the
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FIG.21. UV ABSORPTION SPECTRUM IN ALCOHOL

Pig. 1.1 The ultra-violet visidle absorption
spectrum of pure pigment in absolute
alcohol, The arrows indicate
absorption peaks.




visible regions. The absorption peak in the far uv is
at 225 nmg in the near wuv it is8 at 330 nm, and in the
visible region the peaks are at 480, 540 and 580 um
(Pig. 1.1 and Table 1.1). The maximum absorption (\max)
is in the far uv. The 22% nm band represents the gquinone
.absorptioﬁ overlaping the benzenoid absorption, 330 nm is
the benzenoid absorption while the 5&1163 at 480, 540 and
580 nm are due to ofhydroxy groups. The number of
os&hydroxyl groups may be four or more and the general
spectrum seems to be belonging to ohydroxy higher quinones
(Scott, 196435 Brockmamn, 1957).
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gﬂblﬁ 1.1

The ultra~voilet visible absorption spectrum
of purified pigment in alcohel. The absorp-
tion peaks are marked (=) -

Wave Absor = Wave Abgor- Viave Absor-

length bance Jength bance length bance

in in nm in nm
210 1.5 310 0.41 450 O.14
215 1.5 ns 0.42 460 0.17
220 1.5 320 0.45 | 470 0.19
225 1.55 325 0.49 480 0.22
230 1.9 330 - 0.50 490 0.22
240 1.2 . 335 0.50 - 500 - 0.21
245 1.2 340 0.49 510 0.18
250 1.0 50 0.41 520 0.18
255 0.95 360 0,30 - 830 0.22
260 0,90 310 0,20 540 0.25
265 0.85 380 0.19 550 0.25
270 0.75 290 0,18 560 0.24
275 0.70 400 0.17 570 0.29
280 0.67 410 0.15 580 0.33
290 0.62 420 0.4 590 0,30
295 0.54 ' 430 0.13 600 0,18

300 .48 440 0.13

(14) Infraered aspectrum i
The IR spectrum is shown in Fig. 1.2« The position,

nature and significance of peaks are given in Table 1.2,
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Zable 1.2

The location, nature and siganificance
of the poaks of infrae-rcd spectrum of
the pmrifiocd pigment

Poak in

Viave Veve Naturo
Se.lo. longth number of peak Renarko
't (o 1) :
1e 2.9 to 3448- Vloak O-H gtrotohing Vibration
2.96 3378 broad
2. 3.42 2924 Sharp A-cymootrical C-H strotching
Strong of alkano
3. 3.5 2851 Sharp gymmotrical C«H stretc
) Strong of alkane
Strong
5. 5.88 1701 Sharp Carbonyl strotching vibration
, Strong :
6. 6.17 1621 Yoak Carbonyl vibration
Te 6,79 to 1473=- Sharp A-symmotrical bonding CeH vibrae
6.9 1449 Strong tion of -033(‘Jaa OHB) or
broad

skoltal vibration due to C=C
stretching within the ring

8, T.21 1387 Voak «C=0 strotch of phencl riez or
symmetrical bending vibration
of =CHy( d, CH,y)

9. T.95 1285 Sharp C-0 ptrotehing vibration of
Strong phencl
10, 8.21 1218 Vioak C~0 stretching vibration of
1. 8.66 1155 Hedium phonol and also due to
aromaticso
12, 9.31 1074  Voak Inplane bonding vibration of

C=H of eromatics

13. 13.9 719 ' lodium Out of plane bending of the
ring C-H bonde of polynucloar
aromatics
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The above spoctral data reveal the presence of following
four groups in the pigment molecule:
(1) Alkyl group
The alkyl groups (R) belonging to tho normal paraffins
predominatc tho spectrum. Thoir proeenco is indicated
from the otrong intenso peaks at 2924, 2857, 1473-1449
and woak poak at 1387 cm .
(41) Carbonyl group :
Tho carbonyl group ( cmo) is Andicated by the otrong
peak at 1701 end a weak poak at 1621‘om".
(414 )Phenolic hydroxyl group i
The hydroxyl («0H) group is indicated by the poakso
3448-3378, 1387, 1285 and 1218 om™ .
(1v)_Aromatio ringo @
The aromatic rings arc indicatoed by tho poakso at
1473-1449, 1285, 1155, 1074 and 719 en”'s Tho posk at
719 cn”' shous the progence of polymucloar aromatie oystom

4n the molecula,

{1i1)Nuclear magnetic rosonance speetrum i

The gpestrum teakon in doutoro-accotono is shown in Fig.1.3.
Tho graphyalso shous the integration of protons in the
moleculo. The position of the peaks and thoir significance

is given in tablo 1.3.
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Pig.

1.2 Infra=red spectrum of pure pigment taken

as KBr pesllet. Marked 1,2 and 3 main
peaks represent the alkyl, carbonyl and
phenolic group whereas peak & is due to
polynuclear gtructure of the pigment

molecule.



Table 1.3

1'7

The position of peaks in the KNMR spectrum;
the groups and the protons assocliated with
each of the peak

3.
Bo.

Signal

osition in
J l T

Nature of the peak
and the group

associated with it

Number of protons

1.
2.

e

4.

5

6.

1
1.35

2,87

3.44

4.27

T.74

"
8'655
i

7.13

6.56

5.73

2.26

Probably due to
grease used in
the instrument

Singlet most promis-
nent peak. It is
due to anthracem
or anthra quinone

~hethyl

Doublet due to
phenolioc

OH gfoups

Aromatic ring
protons

The integration
shows the maximum
number of protons,
and these are present
in the same chemical
environment

The protons associaw
ted with phenols in
the molecule are
much less compared
to those of benzylio
protons

The protons are least
showing that most of
the positions in the
molecules are
substituted
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FIG 1.3.NMR

SPECTRUM OF PURIFIED PIGMENT IN DEUTERO ACETONE

Pig. 13 Nuclear magnaotic resonance spectrum

of the pure pigment. The peaks 1,2

and 3 are due to sromatic, phenolic end

bengylic groupsyespachively.
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The NHR spectrum is simple indicating that the moleculo
is symmotrical. Thero are threoc major peaks. Those are
atT 2.26, 5.73-6.56 and 7.13. These peaks reprosont the
aromatic rings, phenolic hydroxyl groups end the methyl
groups Joined to the bdbenzono rings Silvorstoin and
Bassolor, 1967, Dyer, 1969) rospoctively., The most
prominent peak in vholo of tho spectrum 1 due to arcmatic
mothyls. (Pig. 1.3). :ﬁhe int=sration that is numbor of
protons associatod with these three groups (Fig. 1.3)
show that tho aromatic protons (7 2.26) are the loast
end arc tvo in number only, tho protons associated with'
the hydroxyl group (75.73-6.56) are four vhile the maximunm
nuﬁber of protons arc associatod with the aromatic methyl
groups {°7.13). The peak a8t T7.13 is a singlot indicating
that the chemical onviromment of the mothyl groups is tho
seme, while low numbor of aromatic prdtona indicato that
the molocule is substituted at all places excopt the two.
(4v)llass Spectrun i
The mass apéctrum of the pigment was run at 200%, Haso
"upon chargo valves of the different iong along with their
rolativo percontage abundance valves are given in
table 1.4. The Qdisgramatic ropresentation of these
valves are 51?5# in Pig. 1.4.
The most charactoristic featuro of the spectrum is tho

appearance of ions ovon after the molecular ion peak which
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48 at 279, The significant peaks which reveal the structure

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

The mass spectrum shows that the pigment molecule is a
dimer, molecular ion peak appears at 279, the molecular
weight is 279Ax 2 that is 558, That molecule is a quinone
is established mass/charge peaks at 149 and 121. The valve
represent the fragment formed after the loss of carbone
mono oxide molecule (moleoular weight 28) from the fragment
having m/e valve 149. The positive Zon at m/e 149 is formed
from 167 after the loss of & molecule of water (moleculer
{(weight 18). (Budzikiewicsz et al, 1967, Beynon and

williams, 1960),
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Tablo ;gg

The mass upon chargo (m/o) and the rolative
percontage abundanco of the ions obtainod
from tho mags spootrum of purified pigment

Longth of (nbund- Longth of ¥ sbund-
n/o peak anco n/o poak v anco
in om in on
17 2.2 6.6 82 2.3 6,9
18 6.5 19.5 83 7.5 22.%
27 3.5 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 3.8
39 2.8 844 93 2.2 Ge
41 23.5 70.5 94 0.7 2.1
23 6.0 18.0 95 1.7 51
27.5 82.5 96 0.8 2.4
44 1.3 3.9 97 2.4 7.0
80 0.8 2.4 98 0.7 2.%
53 1.6 4.8 99 0.7 2.1
54 1.5 : 4.5 104 5.3 16.9
55 18.0 5.4 105 3.0 9.0
56 8.0 24,0 107 0.7 261
57 33.5 100 109 1.2 3.8
58 1.9 S5eT " 1.0 8.1
60 1.0 3.0 112 3.7 8.1
65 3.5 10.5 113 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 9.0 27.0 123 0.7 2.1
70 15.0 45.0 128 0.8 2.4
72 1.2 3.8 132 1.8 Sed
76 3.5 10.5 150 6.0 18.0
i 2.0 6.0 167 11.5 34.5
79 145 4.% 168 1.2 3.8
81 2.4 7.2 139
2.4
0.6
1.2

’-AAGKIS

&9/ . <=
43S TR-109 7
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FIG.1.4. MASS SPECTRUM OF PURIFIED PIGMENT
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Pig. 1.4 Diagramtic representation of the
mass spectrum of the pure pigment.
The peak marked as 1 at M/e 279 is
the molecular ion peek giving half
the molecular weight of the pigment
molecule,
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(v) Pluorescenco spoctrum :

The data of fluorosconco spectrum of the purified

pigmont in acetone is given in Table 1.5

Table ! . 2

Fluorosconco omiosion of the pigment in
ecotono at difforent wave lengtho

Uavo Fluores~ Vave Fluores« Vavo | Fluoros=-
longth ocneo longth cence length oonco
nm omigsion nm emission nm emission
492 0,04 . 560 0.04 642  0.12
496 0.04 592 0.06 647 0.12
s02 . 0.04 596 0.08 653 0,12
507 0.04 602 0.12 658 0.12
513 0.04 608 0.4 669  0.10
518 0.04 614 0.15 680 0.08
524 0.0 618 0.16 692 0.08
534 0.04 . 624 0.16 692 0,08
546 .  0.04 630 0,14 314 0.06
555  0.04 . 636 0.12 724  0.04
568  0.04 ‘ ”

&

Tho fluoresconce cmission data in the tablo 1.5

shows that tho pigment fluoresconco in the red part
(A 618) of the spectrum. This suggests molecule containsg

a polynuclear aromatic oystem (Bocker, 1969).
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DISCUSSION

<tra-voilet visiblo spoctrum :

The absorption of the uv-visible light in the rocadily
'.accossible portion 200-750 nm of a spoctrophotometer dependo
on tho electronic structure of a molecule. Only those
conjugated systems which can have electronic transitions
from n to T and or n toYand or 7 to 7w will absarb. in this
rogion of the spectrum. The eleotronic transitions involving
the non-bénding n oclectrons to the antibonding ;7orbital are
agsociated with least energy and are absorbed at the lower
wave length vig, in the ultra-voilet region. Tho energy
required by tho n to sigma star orbital 4s the highest and
tho abporpticen ooccurs in the longer wave length or visible
rogion of the spectrum, The pi to pi star transitions
require intormodiato energy and thus havo abgorption in
between the ultro-voilet and the visible region (Dyer, 1969;

Silvorstoin and Bassler, 1967).

A lone bongenc ring shows the maximum absorption at
184 nm and as the number of rings 1ncreasq the absorption
band shifts to tho longer wave length; viz, anthracone with
threo rings aboord at 256 nm. The pure aromatic hydrocarbons
involve ﬁi to pi otar transitions, and if a carbonyl group
( c¢z0) is precont in the molecule; aﬁ intense absorption

band is observed betweon 200-250 mm. This is due to
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electronic transitions n to pi étar. These transitions are
due to the nonebonding elect:ona of oxygen: atom. The
substitution of alkyl group in the bengene ring shifts the
absorption to0 the longer wave length. The absorption occurs
in the visible region of the spectrum when a compound contains
hydroxyl groups. This is due to facf that the non bonding
electrons of oxygen facilitate the pi to pi star transitions
of the benzene rings. The shift in the wvisible region
increases with the increase in the hydroxyl groups; and the

d-hydroxyl have more pronounced effect than the B-~hydroxyls.

It must, however, be mentioned that in the cass 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 customary
to compare the spectrum of the unknown compound with that of

the known.

The uv—viaib;e spectrum of the pigment of B.intermedium
shows absorption bands at 225, 330, 480-490, 540 and 580 nm
(Fig. 1.1, table 1.1). The maximum absorption is at 225 nm.
In the 1ight 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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Ngllertc (1962) and lator Sevanant (19685) showed that tho
pigment of B, undulana rescmbles hypericin. Hypericin is a
plant pigmont belonging to the family Guttiferae. Both tho
pigmonts wore shown to havo broadly the same uvevisible
abgorption spectra and gavo nearly the same spectral shifts
wvhen treated vith different roagonto. From analogy with
hypericin, vhich hao the mesénaphthodianthrone structure, a
similaxr strueturg was given to the Blopharisma undulant's

pigment.

The uvevisible absorption spectrum of B. undulens in
alcohols showed the band at 330, 490, 540 and 580 nm (Sevanant,
1965). Thoso poak positions are similar to those of pigtont
of B, intermodium (Fige. 1.1). Thie means then that tho
pigments of two Blepharisma Bpocioé are simlilar, in thoir

bagla structurea.

Infra~red spectrum 1

A molocule is constantly vibrating and its bonds are
alvmys stretching or contracting aﬁd bending with respoct
to each other. Those normal vibrations are affectod whon
the moleculo is subjectod to infra-rod radiations, and the
infra-rod bands appear at definite froequency or wave numbor,
The position of these baﬁds 48 charactariatxc of the nature

of groups prosent in tho molecule. Thus the alkanes shov

oThe spoctral shift studies with the pigment of B, intermedium
could not bo done in this laboratory, due to the none
availability of hypericin,
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C=H strotching aboorption bands in the rogion of 3,000-2,840
cm,'1 (3.3 = 3.5n1) and C~H bending vibrations at 1350~i4?0 cm".
The saturated hydrocarbons containing the methyl groups shovw
two distinot bandse in 3.3 « 3,5 rogion, and thopo .two bands
are intensified with tho increaso in the numder of methyl
groups. The polynuclear aromatics show the characteristic
absorption in throc rogions; out of vhich tho out of plane
bonding vibrations at 900-675 om™L(11.11 = 14.81 m) ero tho
mﬁnt impoxrtant. The othor two vibrations are in the regions
1300-1100 on™! (7.7 to 10 m); and 1600-1585 om™' (6.25-6431 m)g

! are the in plano

bending of the ring C-H bondsg whoreas 1600-1585 cm.'1 and

1

1500-1400 om™ ' (6.67=T.14 at)s. 1300=1100 ca”
1500-1400 on” arc the C=H otrotching vibrotions vithin the
ring . The C~0 strotohing vibration of a carbonyl group

appear as a strong band at 18701540 om”? (5.35 = 6,50 n)e

The sharactoristic bands for phonols are duo to the 0-H
strotching,C=0 stretching and O=-H bonding vibrations. Free

«0=H efrotching vibrationo appoar at 3650-3590 cm71(2. 4=2.T91)3
t?a C=0 ptrotching vibration produce a sharp atrong band in

the 1260-1000 cm~! (7.93-10,0m). Tho O-H bending vibrations

axro of littlo disgnoptic wvaluo,.

In the light of above disocussion tho pigment of B,intormedium

has throe functional groups present on & polynucloar structuroc.

The aromatic vibrations are at 1074 cm”' 1155 em™| and "Tiqon” .

The vibrations at T19cm ' indicato tho polynucloer nature of
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---tho strﬁcture. The three functional groups arse normal alkyl,
carbonyl and phonolic groups. The alkyl group predominate tho

spectrum; and this is ovident from the sharp strong bands at

1, 2857 on™!, 1473-1449 ca”'. The carbonyl group is

1

2924 om
roprosented by the sharp strong absorption band at 1701 cm

and a woak band at 1621 am~1, The phenolic groups are roproesontod

by the vibrations 3448<3378 cm™', 1387 om™', 1285 en”! and

1 tho vibrations 1265 em™

1218 e are the most conclusivo., As
{ho pigment molecule &s complox, the overlaﬁping of bands of

differont groups is bound to be thore.

Although the infraered spectroscopy is used in finding tho
¢1fferent_gr§ﬁpa presont in s moloculeo, its chief application
is in finding the carbonyl group, Tho carbonyl absorption of
vpabenzaninone falls at 1669 cm-l (in solution) and ag the
number of linoar fused f£ings ;nexease the absorption froquency
increases, thus 9, 10 anthraquinono absorbs at 1678 cm“l
(Thomaon, 1971). The carbényl absorption for B, undulans isat 1740

1710 cm~1
cni™! and for hyporicis (Sovanant , 1965), and that of B.intormodium

10 at 1701 cm” !

v this onco again reflects Somesimilarity 4in
those throo pigments. Although the cardonyl frequency of
hypericin and B.undulens pigments do not differ much, Sévanant.
1965 found significant differences at all poaitions of carbon

to hydrogon responseo.

Huclear magnetic resonance spectrum @
The nuelei of certain atoms spin end devolop charge as

a result they behave like tiny bar megnets. The nucleus which
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is roferrod to in the NIR spectroscopy is the hydrogen
proton, that is tho hydrogen atom, atomic woight one, For
taking the NIR spectrum the compound kaving protone 48
subjected to an eoxtornal magnetic field at constant radiation
froquency. Tho magnetic ficld strongth is varied, the protono
dopending upon their nature sbsorb radiation at definite
magnetic fleld strength and give signals. This results in
FHMR spectrum in vwhich numbor of signals of different intongity

and different field strongth are rscorded,

The number of signals in the RUR spectrum roveel tho
differcnt 'kind?' or *type' of protons present in the molecule.
The protons with the same environment abgorb at the same
field atrength while tho protons with different onvironment
absord at difforent field strength. This moans that ono can
tell how many sets of equivalent protons are there in tho

moleculo.

The pusition at which the signal appears or the chemical
shift valuo of a proton reflects its nature vig. whothor it
ioc aliphatic, aromatic, bonsylie, phonolic etc. Tho chemical
shift values are expressed either in delta (< ) or in tau (7)
scale. In the delta wvalue the signal for totra-methylsilane,
the reference compound is taken as gero, where as it is taken
as 10 on the tau scale, 1.0.7T ¢ 10«d . The difforonce in the
chemical shifts of 4alfferont protons is due to the shielding

and desHnlding effects of the electrons of the groups to
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vhich they bolong. Tho alkano protons arc chiocldod maximunm
apd appoar in tho high magnotic fiold strongth, vhoreno
aromatic protonc arc loso ochisldod and appoar at tho lovw
nognotic fiold ptrongth. Tho eghtvalont protons have tho
pcono chomical shift voluos., The aromatic protons (Aref)
aboord at7 1.5« § tho bonsylic protons (Ar=CeH) aboorbo
botwoonT 7«7.8 and tho phonolic protonc (Ar«O«H) absord
botwoonTe2 to 6 . (Dyor 1969, Silvorotcm, 1967).

The rolativo Antonoities. of signuls ao indicatod fron
tho sizo of tho cbsorption pooka, is dircetly proportional
to the numbor of protons giving rino to that signsls. Tho
numbor of protons undor cach poak 1o nmeasurcd £rom tho poakl
aross Tho poak ares 12 moopurcd by an olectronic intogrator,
and 4is alwayo shoum on tho graph along with tho amr oignalo,
Tho BUR epootrum of tho pigmont of B.dntormodium is oxtromeoly
oioplo, indicoting that tho molocule is symmotrical, Tho
throc pignalo at valuesT2,26, 5.73+6.56 and 7.13 roprosonting
aromatic, phonolic and bonzylic protons roppeetivoly. Tho
oignelo ot voluos § ond 8.65 aro impuritioo probably duc to
tho groago. This assunmption 410 bonod upon tho fact that tho
oliphatic alkyl groupo have noithor boon confirmod by the infroe-
rod spoctrum nor 4o thoy £it in tho nmr and the final
structurc dorived uftor the compilation of all tho opoctral
data. The intogration of tho protons shou the prosonco of

loaot numbor of aromatic protons, vhisch aro two only. Thio 4o
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folloewed by the phenolic protons vhich are four in numbor,
Rost all the protons are contributed by the benzylic groups.
Ae thero is singlot at vY7.13, this moans all the densylic
protons have the same environmont. The value 7.23 ig
characteristic of alpha moth&l groupe belonging to anthracene
or anthraquinone compounds (liehandale et al, 1968), this
means then that pigmont molecule also has number of mothyl

groups, but which may not be at tho position.

lass spectryum 3

The mass opoctrum tells tho mass or molocular woight
of a moleculeo, In the mass spectrophotometoer compound 4a
bombarded with energotic electrons as a result fhn moleculos
broaks into many fragments wvhioch are highly characteristic
of tho original molecule. 7These fragments aro mostly
positively ohargbd ions but & fev are neutral tragmonta;
Each fragmont hap a dofinite mess/charge (m/¢) value. Tho
ions arc univalent and m/o valuo gives the mass of tho ion.
The fLragments havo differont intonsity depending uwvon their
reiative abundanco. The peak or frﬁgment vith the highest
intengity io called tho basc posk and its value is takon as
100, and the intonsitios of other peaks are exprossed
relativo to the base pealk. The poak at the highoest mass upon
charge value 48 the molocular ion (I+) poak and givea the

' molacular wolght of tho molccule, A dimor molecule vhen put



in tho mass speotrometor broaks and gives the molocular ifon
for the monomor only. The molocular weight 1s calculated by

multiplying this molocular ion valuc dby two,.

Tho mans spectrum of the pigment of Beintormodium shovs
"tho moloculc to be dimer; the molooular ion peak of monomer is
at 279, therofore, the molecular welght of the molecule is
279x2 » 558, The insight into the structure of tho moleculo
is providod by tho throe posks at m/c valuos of 167, 149 and
121. The peak 149 represents the loss of one molocule of wator
{molecular woeight 18) from 167; vhereas 121 roprosents tho losso
of one molecule of carbonemonosofide {(molecular weight 28) fron
149. The loss of one or two molecules of oarbﬁnnmono-oxido
is characteristic of a quinono structuroe (Budsikiewvics ot al,
1967), thoroforo, it confirms that the pigment molecule io
quinono, |

Fluorescencs spectrum i1

Fluorosconce is the emissgion éf radiations by an oxcited
moleculos. Thée molecule becomes oxcited by abeorbing the onergy
given from the extornal source. The emission of fluoresconco
reflects the structure of the molecule, thus bongono omitn
fluoresocnee in the ultra-voilot (270 nm) rogion and as tho
number of rings inereape the emission shifts to the longor wave
lengthy thus anthraceno with three rings emits in tho biuo and
pentacone with five rings omits in the red region of tho

spectrum (Bockor, 1969). The presence of alkyl and hydroxyl
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groups also shift the emiopion to tho longer wave longth.

Tho pigment of B-intermodium gives fluoresconco omission
at 618 nm,; the rcd region of the spectrum (Table 1.5). Tho
omission in the red rogion shous that tho moleculo is a poly~
nucloar aromatic compound., The pigwent of Beundulans and
hypericin also omit fluorssconco in the rod region (Sovenant,
1965), this means that there is stumilarity in the structuros of
pigments of tuvo Blopharisma species, and that both have

etrgctural similarity with hypericin,

Summing up all the above spectral data, tho structure
&
possible for the pigment of Blepharisma intermedium et

Thie structure fits in all the above spoctral déta that 4s,
{1) It is dimer having molecular woight 558,

(41) It han two arcmatic, four phenolic and 24 bonzylic
protons, The bensylic protons héva the same onvironmont
and tbua give & singlet at 7.13 in the NIR spoctrum.

(444) The infraered spectrum data of threo groups alkyl,
hydroxyl and the carbonyl fit in it and finally

(iv) ©She basic otructure as given by the ultraeviolot
absorption spectrum resembling hypericin fite in the
above structuro. ‘

The molecular formule from above data io (c,au,;5°3)2 1.0,

the structure proposed 03633006‘

tgivon on next pago
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o ' N o
‘Proposed Structutre of B.undulans- pigment(Sevanant,1965)
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The structure for B-undulans as given by Sevanant (1965)is:

This structuroe ic differont from the structure of

Beintormedium pigmont found in thio laboratory in tho following.

reppects

(1)

(2)

(3)

It has mosonaphthodianthrono structure, vhereas

tho our propoced structure belohgs to hellanthrono
and has & protohypericin nucleus_rather than the
hypericin nuclous.

The number of aromatic and hydroxyl protons in tho
Beundulans pigmonts are four and six respectivoly
vhoreas thoy are two and four respectivoly in the
pigmont of Beintermediun.

The numbor of alkyl groups are tvo in the Be-undulang
wvhercao they are four in thoe pigmont of Beintermodium,
The nature of R has not beon given in the B-undulans
pigmont vhoreas it has been established as methyl in

Belntermodium,.

Puturce experiments :

I$ will really be worthevhile to confirm the structure

of pigment of B-intermedium by its synthesis from its two

basic 2,3,6,7 totra methyl anthranol units,

%on r - pagoldy
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SUMMARY

The structure elucidation of the pigment of Beintermedium

using spectroscopioc techniques reveal the following salient

features

1. The pigment molecule is & dimer and has protohypericin

as its basic structure,

2. The moleculay weight is 554 and the molecular formula

is 03633006.
3. The groups present are the methyl, the hydroxyl and

the carbonyl.
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INTRODUCZION

As established from the spectroscopic studies the colour
of the pigment of B.intermedium is due to a dimeric polycyeclic

uinone,formed from two anthraguinone derivative units,

In the animal kingdom, the quinones, excepting ubiquinones
and vitemin K group quinones, are present mainly in the phyla
Arthropods, Echinodermats and to0 a much lesger extent in
Ciliata and Annelida (Thomos, 1971). Structurally the
quinone pigmente in these phyla vary from the simplest
benroquincne derivatives to highly condensed polyocyclic
extended quinones, Al)l the pigments are para quinones
except annelids which are ortho quinones (Prota et al,1971).
The pimplest bersogquinone derivative pigments are present in
phylum Arthropoda, order Insecta, Diplopada and Arachinida
(Weatherston, 1967; Eetably ot al, 1955). The mapthaquinones
and the Anthragquinones in the phyla Arthropoda and
Ehinodermata form well defined, structurally similar
pignents which are known by the definite names vig the
Echinoderm naphthaguinone and anthraquinone pigmentsg are
called the 'Sphinochromes’(Gough and Sutherland, 1964;

Moore st al, 1966; Mathliesos and Thomos, 1971) and
'Rhodo=-Comatulinst respectively {(Dimlow, 1958, Powell and
Sutherland, 1367). The napthaquinone piguents of phylum Arthe
ropode are knowa as 'Aphins'{Cameron & Lord Todd, 1967) and the

anthraquinone pigmsnts all have the bagic structure unit
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bolonging to deoxyorythrolaccin (Gadgil ot al, 1968;
Pandharo ot al, 1966, 1967, 1969; lehandale ot al, 19683
Yatos et al, 1964; Bhido ot al, 1965) The

polyeyelic quinones rosombling hypericin ares present in
ciliatos, Stontor nigor, Stontor coorulous (Barbior ot al,
1956; lgllor, 1962), in jurassic crinoideca Api@rinus
(Blumer, 1968) and in two Australian psoudo coccido (Banks
ot al, 1976).

The quinone pigmente arc sccondary motaboic producto
and aro formed either from acotate malonate pathuay
(Réchardson and Hondrickoon, 1964) or from shikimic acid
pathvey (Sprinnon, 1960) or from both, But in spite of the
advancemont iﬁ chemical knowledgo of the soochromes sinco
1960, very little work has been dono about the blosynthosis,
l'any & time the predictions havo beon made about the pathway
without any eoxporimontal ovidences. The only exporimontal
work for the biogynthesis of simple quinones is that of
leinwald ot al (1966). Ho found tho existenco of both the
pathwayo in tenebrionid boetlo, Elcodes longicollis by
feoding 14claotopos procursors of both the pathways. In
the lac insect (cocoidao) pigments which have amino acid
rosidua, tho existence of both tho pathways has been
sugzestedy the amino acid rosiduo coming from the shikimic
'acid route vhile the anthraquinone structure from ccotato-

malonato pathway. The spinoe-chromes socm to be formed from
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acotateo pathway. The experimental ovidonco for this is tho
incorporation of labollod acotate in 6 othyd - 2,3,7 trihy-
dronaphthagarin by Arabacie pustulosa (Salague ggngi, 1967),
Théro arc also indications (Suthorland, 1969) that |

rhodocomatulin pigments are formed from acotato pathway.

In contraot to tho goochromos tho pigments in plants
have beon gtudied oxtensivoly from the blosynthotic angle,
As the Blopharismin is an anthraquinone derivative tho plantso
which have anthraquinone pigmonts havo been considored for
tho presont study. Tho anthraquinones are the largost group
prosent in tho plants. They'arc present in fungi, lichen, |
and in highor plants. In moulds thoy are prosent in Asporgilluo
and Penicillium spocics (Shidata, 1967; Bu'lock and Smith,1968).
In highor plants thoy are presont maximum in family Rubiasceao
(Burnett and Thomson, 1968) and to a lesser extent 1n.Rhamnaéeae.
Ioguminosac,Polygonacono, Bignoniaceao, Verbenaboao,
Sc:ophulariacoao and Liliaccac. In plants dblosynthetically,
it has been found out through lsbolling exporiments that tho
quinones having omodin liko structurec originate via azcetato
malonate pathvay (Birch and Donovan, 19533 1955; Birch ot al
1958; Gatenboclk, 19%8; 1960; 1962} Shibata and Ikekaws, 1963)
vhile the anthraquinono of tho aligarin and purpurin type are
formed involving both the chikimic acid and acotato pathways.
Burnott and Thomson, (1968; 1567) leistnor and Zonk, (1968;

1967) have found out furthor that the shikimic acid contributoe
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ono bengono ring and half of the carbenyl group of the
qufinono vhile tho rost of the moloocule is formed from the
acetato unita,
In the presont study of diosynthesis of Blopharisimin
four different anpectis wore takont
(1) Goneepigment relationship i
This aopoct voo undorteken to see if tho pigment
io formed during tho protein syntheois. Tho
inhibitors of DNA, mRNA and protoin gynthooio woro
uogod and the pigment formation in the laboratory

gonoratod albino Blepharismas wao studied.

(ii) Carbohydrato motabolism and the pigment formation :
The gtudy on this nspoct vwas undortakon to soe
if tho pigment in e metabolic product; formoed by tho
gocondary roactions. lletabolic inhibitors blocking
spocific reasctlon stops of the motabolism wore usod
and the pigments formation in the aldbino Blophariomas
wvag moasured.. The role of carbohydrato in the pigmont
formation was confirmed by 140 glucope feoding
oxperiments.
(441) Acetnto pathwey and the pigment formation 1
The quinono pigmeonts havo boon knowvm to be formed
by acotato malonate pathway, involving acotate unito.
The study was carried out to sce if the acotate has
any rclo in the pigments blosynthesis. For this tho
animals vore fod with radiocactive sodium acotato and

the incorporation of the label was moasurcd in the
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pigment, after it was purified chromatographically.
Shikmic acid pathway and the pigment formation :
In cirtain plants and bacteria and the gquinones
are formed involving shikmic acid es & precursor.
This aspect was considered to see the role of the
precursor in forming the Blepharismepigment. The
enzyme shikmate reductase which forma the shikmic
acld was apsayed; and the pigment formation was

studied after blocking specificelly tho above engsynme,
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MATERTALS AND METHODS
MATERIALS

Pigmented and albino Blepharisime intermedium
(Indian species) constituted the material for the present
studies. The animals were cultured at 254 3°C in derk
in hay medium fortified with 'Horlicks' milk as

desocribed earliey in Chapter I.
The chemicals used and their sources weret

Acetone, nickel chloride, ethyl ether, sodiumhydroxide,
podium fluoride, toluene and trichloroacetioc from the

British Drug House,

Streptomycin, hydroxyurea, Actinomycin D, éycloheximidc.
refampicin, iodoacetic acid, iodo-acetamide, 2-4
Dinitrophenol, RADP, glycine, shikimioc acid, sodium
agide, PPO, POPOP wore from Sigma Chemiocals (USA).

14

311 Thymidine, 14(: uridine, ¢ isoleucine, 140 leucine,

14

"c(u) glucose and C(U) sodium acetate were from the

Bhebha Atomi s Research Centre, Trombay.

Parachlore mercuribengoate (ZCiB)was from the Patel Chest,

New Delhi.
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UETHODS

(1) Goneral
(1) Do=pigmentation of the rod Blopharipima 3

Tho rod Blopharisima wore dee-pigmented by irmorsing
tho centrifuged animals for 30 seconds in a boeaker
maintainod at -2° to -3°C as suggested by Gieso and
Graingor, 1870. Tho albinos wore quickly dbrought
to the room temperature by immorsing the tube with
the animals in anothor beaker maintained at 35° to

| 40°C for a fov minutos (5=-6 minutes). The pigment
oxtract waé romoved from animals by throo successive
vashings wvith diat;llaxad vater or with frechly
preparcd hay modium, and contyifuging coverytimo to
romove the supernatant,
(11) loasurcomont of pigmont concentration :

Tho bigment from the animals wag dissolved in acotono,
Por 5,000 to 7,000 animals 2«3 nl of solvent was usocd.
The debris was removed by contrifugation. The optical
density wvas taken at 340 nm in Bockmann Spoctrophotomotor.

(141) Regonoration of the pigment s

The time taken by the albinos to got nearly the aémo
optical density at 340 nm as that in the samo number
of pigmentod animals beforo depigmontation, was used
ag the indom for pigment regoneration., Por this equal

mmber of animals wero taken in four contrifuge tuboso.
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The animals in tho threo tubes wore made albinos.
Tho pignont from the rod pigmented animals and
pigmont from onec of the tube having aldino enimalo
voo extractod soparately in ogqual volumos of acotono
and optical density of tho oxtract vas moasurocd.
The opticel density fron the othor two tubos was
doVormined after 24 and 48 hours.

{4v) Use of 50 az/ml otreptomycin in all eoxporiments i

Tho transeriptionnl and transiational ptudies

carriod out showed that to got consistont roculto
(Teble 2;3) one has to add stroptomycin. Therofore,
all the oxperimente conducted wore in the nutriont

medium containing 50 ag/rl of stroptomyein,

{2) Gone pigmont rolantionship

Tho gonoral procodure fellowed for all thesc otudios
vas as followgse
{1) Pinding of optimum dosc of inhibitor :
About 1,500 to 2,000 Blopharisima/ml woro treatod
with different concentratione of the inhibitor, in a
froohly propared hay medium containing 50 ag/ml of
ptroptomycin. The Bleopharisimas vere labelied aftor

22 hrs with the respective 14

C radio-isotopo. Aftor
tvo hours 1.0. twvonty four hours aftor the treatmont
with tho inhibitor the reaction was stopped by
keoping the tubes at 0°C. 7Tho animals wore .

contrifuged at 9,000 to 10,000 rpm for ton minutos.
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Tho inhibitor wapo removed by washing two to throo
timos with tho fresh hay modium. The animals wore
homogonisod in the cold and 10 porcent cold TCA
addod, to give tho final concontration to 5 porcent.
Tho Suboo were kopt at 8°C for ovoraight for tho
complote prosipitation of nucloic acid and proteins.
The nucloic acidp and protoins wore filtered using
miliipore filters, The preocipitato was washed 3 to
4 timos with cold % porcent TCA., The f£ingl wanhing
vao givon with aloohol other mixture (3:1). The
dried filtor papors verc takon in the scintillation
viels and the counts taken in T ml of toulene bascd
scintillation fluid, containing 4 gm of PPO and 50 mg
of POPOP per litroe of toluene, on the liquid
scintillation countor.

In the cariler oxzperiments carried out with
Rifampioin and Cyclohoximide no antibiotic vas added.
It vas found that such oxperimonts did not yioeld
ropoatable roesults, and the conceniration of the
inhibitor wvas also much higher to produce the dosired
recults. Tho inhibitor of DNA gynthesis was Hydroxy
uroa, Tho concentration tried ves 2 to 8 nlf, tho
labelling ves done with 5 aci/ml 33 Thymidino
(opecific activity 6,100 moi/m molo). The inhibitor
used for RIA gynthosio wap Actinomyein D The

concontration triod wore 50 and 75 ug/ml. The
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4

labolling woo done with 5 aci/ml of Uridine TG 190, The

prdtein synthesio inhibitor used was oyclohoximido in the

40 Isoloucine

concontration 100 ug/ml labolling vas done with |
(spocific activity 122 mci/m mole). All the radioe-isotopes
wore from Bhabha Atomic Roocarch Centre.
Pigment formation with the optimum dospo of inhibitor

Equal numbor (5,000 to 8,000) of albino Blepharisimas
woro taken in two differont tubes. The oxperimental animals
wvoro troated with optimum doso of inhibitor, The coptical
denesity of the pigment formed in blanko and that in treated
animals wag takon at 340 nm aftor 24 hours of the treatment,
The optimum concentration of Hydroxy uren uscd was 8mili,
Actinomyein D 75 ug/ml and eycloheximido 100 mg/ml. Tho
troantmont with inhibitor vas given only once in all cacos
oxcopt in cyocloheximide oxporiments. In this case, tho
animals woro tronted ogain aftor 12 hours. This wag dono

bocauso tho porcentage inhibition dcercasod in thiso oase
eftor 12 hours.
Carbohydrato metabolisim and tho pipmont formation

The goneral procodure for all tho experimonts was the
seme, that ioc equal numbor of (5,000 to 8,000) albino
Blopharioma in hay modium were tekon in different tubes.
All oxperiments had 50 ag/ml of stroptomycin. Excopt 4n

the blankp different concentrations of inhibitor wore given

L. ]
Blank vhercover : : montionod otando for the Control,
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to the albinos, The optical density of the pigment of the
blank as woll as thoso of exporimental one was taken aftor

24 hours at 340 nn.

Tho inhibitors used vore iodo-acetic acid 0.1 to 0.6 mils
Jodo~acotomido 0.02 to 0,04 mll; sodium flucride 2 to 10 mM;
sodiun agide 0.1 to 0.8 mlily 2,4, Dinitrophenol 0,01 to
0.19 mil and finally nickol chloride in tho concentration
rango of O to 4 mif.

Acotato pathuay and the pigment formation

Tho acetete pathway was studied through foeding oxpori-

14 14

mento with ¢ labelled glucose and "C labolled scdium

acotate. The genoral procodure followed wes as follows

The animals werc fod vith tho labollod ocompound, which
vas addod in the culture modium containing 50 ug/ml of
stroptonycin, After specified time tho animals wore killed

ond the pigmont oztracted in acotono.

The pigment was purificd chromatographically, on
Kiosolguhr papor using 88 porcent acetono, 10 porcent
othylethor and 2 porcont wator ag the dovoloping solvent

oyotem (Sovenant 1965), Tho papor with the rod band of

pigmont was cut and tho incorporation of label measured in
T nl of toulcnescintillation fliuid on liquid scintillation

countor.
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experiments dono undor this were:

{1) Glucope feeding oxperimenty 3

(a)

(v)

(o)

Incorporation of labol in tho pigmont i ‘

About 400/ml of albino Blepharicimas wore fed with
0.05 mci/nl of uniformly labelled 146 glucose {specific
aotivity 175 mei/m mole) in Autriant modium cohtaining
50 ag/ml of stroptomycin, The animale wore killed,
pignent oxtragtod end purificd ago por method givon
above and tho counts taken aftor 48 hours of foeding.
500 /ml of albinos wore fod with 0.05 mei/ml of
glucopo and the incorporation in the pigmont vao

moesurcd aftor 12,24,36 and 48 hours.

Equal numbor {about 1,000) of albinos and pigmentod
animals wore fed with 0.12% awci/m)l of glucose. The
inoorporation was moasurod in pigment after 2, 4 and

6 hours of feeding.

{41) Sodium acotate feoding‘enperimenta t

(1)

The oxperimonts done woro:
Effect of sodium acotato on pigment formation 3

Equal number of albinos {about 10,000) wore taken
and treatod with differont concentration of sodium
acotato (1x10'5ﬂ to 1x10~3u). The blank was run
undor similar conditions, The optical donsity at 340 nm

of treated animals and blank vere taken after 24 hours,



(11) Peeding experiments with 1‘0(0) sodium acetate
Incorporation of label in the pignment i

y (a) 5,000 albinos were fed in culture mediunm

containing 50 ug/ml of streptomycin with
0.3 med/ml of uniformly ‘3¢ labelled sodium
ascetate having epecific activity 37.27 mei/m
mole. Pilgment was extracted, pgritied and
counts taken after 48 hours. |

{(b) 500/ml albinos were fed in four different
tubes with 0.1 uci/ml of radioe-isotope and
the 1‘0 incorporation in the purified pigment
was studied after 12, 24. 36 and 48 hours of

- LTeeding.

{e¢) Albino and red Blepharisima téken in equal

numbers about 500/ml were fad with 0.25 uci/ml

14c

of isotope. The counts measuring the
incorporation in the purified pigment were
taken after 2, 4 and 6 hours.’
(5) Shilmic ecid pethway and the pigment
The experiments conducted under this head were :
(a) Assay of the snzyme shilimate reductase or SeDehy-
droshikikic acid reductase or Shikmate Dehydrogenase

(Balineky and Davis 1961)=E.C. 1.1.1.25. About
7,000 per ml of pigmented enimals were taken and

homogenised in 1 ml distilled water in the cold room
for 10-15 minutes. The solution centrifuged to remove

the debris at 10,000 rpm 4n the cold for 10 minutes.
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To 2 ml of 0.1 Il glycine codium hydroxido buffor
{p4.9.0) vao addod, 0.2 mi of 0.005 1 NAD?, 0.2 ml
Blophorisma oxtract aud 0.2 ml of chikmic acid., All
those solutions woro taokon in quarts ocuvetto. Tho
blank wao with 2 ml of glycine buffer, 0.2 ml of
NADP and 0.2 ml of Blopharisma oxtract minuc the
shikmic acid. The incroaso in the optical donoity

at 340 wao rocordod in tho Besckmann gpoctrophotomotor

for 4 ninutoo at intorvals of 30 pocondso.

The onsyme 1o prooont in poa seedlings, and o
oinilar oxporimont wao run using pea soedlingo, 34
dayn old, grown in tho dark.

(b) Inhibition of tho onnymo and pizmont formation
(1) Para~chloromorcuribonsoatc (PCHB) and pigmont
formation @

(A) Chlofomorcuribonzoato from Patel=cheot, in

% to 2310°6n was usod

concontrations 2x10°
and tho pigment formod in tho aldino Blopharis
oinas vac moagurcd at 340 am aftor 24 hours,

(B) Treatumont of 1210”211 PCMB and tho pigmont
formation - 1210”11 the optimum doso of PCIB
found at'b(i) wao uscd and tho pigment formod
in tho trectod and untroated albino animals

(6,000/ml) ocftor 8,20,24 and 44 hours vas
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nezsured by taking the optical density at 340 nm.
(4i) Absorption spectra of PCMB treated albinos i
Equal number of albinos (about 7,000/ml) were
taken in two tubes. One was used as blanks: The
animals in the other tube were treated with 1:10'53
PCEB solution. The abgsorption spectra of both

samples was taken after 24 hours in A.R. acetone.
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EXPERIMENTAL RESULTS

1. (1) Regeaeration of pigment in the aldbino enimals i
- The pigment is regenerated in laboratory made
albino eiinale, when they were placsd in the nutrient

medium, The results are given in Table 1.1,

Table g. 1

The regenaration of the pignent

Optiocal Ho.of Optiocal ¢ pigment
Ho.of :;n;i:{ ;‘3“‘” :;n:::{ Optiocal density formed in
rod’ 16 ments taken ments at 340 nm after
/ml from red from the 24 hrs 48 hrs 24 48
Blepha~ albinos hrs hrs
risma at at 30 nm
340 mm
6,500 0.35 6,500 0.11 0.21 o.N 60 88,5

{i4) Absorption spectrum of the pigment extracted from
about 10,000 animals in scetone iz shown in Fig.2.1.
The optiocal ﬂongity at different wave lengths is
tabulated in Table 2.2.
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FIG 2.1. ABSORPTION SPECTRUM OF PIGMENT IN ACETONE

- «. #ige 2.1 Absorption spectrum peaks of the
, pigment between 300-600 nm. The
maximum absorption ot 340 nm is

shown by the arrow,



Q&bl. 2 'g

The absorption spectrum of the pigment in acetone

Wave Optical Wave Optical Wave Optical
length densily length density length density
(om) (nm) (nm)
300 0.69 400 0.21 510 0.23
o 0.62 410 0.10 520 0.22
320 0.66 420 0.15 530 0.27
330 0.69 430. 0.13 540 .35
335 0.72 440 0.12 550 0.31
340 0.75% 450 0.15 560 0.28
350 0.67 460 0.20 570 0.35
360 0.57 470 0.24 580 0.47
370 0.31 480 0.29 590 0.42
380 0.27 490 0.30 600 0.19
390 0.23 500 0.23
The result indicates that the pisment has
maxipum absorption at 340 nm.
Gene Pigment relationship s

2.

(i) Ezpérimenta‘uithaut streptomycin 1
The transoriptional and translational studies
done without sadding satreptomycin are given in tables

2.3 and 2,4 DRA dependent REA synthesis was blocked



with Refampiocin while the protein synthesis was blocked

with cyloheximide. In the former exporiments

4

the labelling was with 5 uci/ml 1 ¢ uridine 70

in the later in labslling was with 10 ueci/ml of
140 isoleucine (apecific activity 122 meci/m mole).
The data from both the inhibitors indicate the

inconsistent results.



Inble 2.3

The effect of different cencentratien Rifampicin on
inhihitien of RRA synthesis

Eg.of animals/mi ' Concentration eof Rifampicin iaug/al
Biank Experi- Blank -
S0, 200 180 2_ 200 259 200 330

150 130 410 281 3%.4 4T 04,2 31O 22.2 282 MN.d 2 7.7 224 45.4 186 54.7

(*) = 50 sscondu counts ¢f experimental animals
(**) = percentage inhidbitiem



Table 2.4

AT

The effect of different concentrations of cycigheximide en
inhibitinn of protein synthesis

No.ef animmis/ml Cencantration of cyclebeximide in muginl
Blank
Blank Experie
oty Ceusts 80 200 as0 200
e 2
c X ¢ 3 c % ¢ 51
1,200 1,200 18,383 15,468 8.4 0,870 41 14,793 ® 13,044 14.7

(*) = S0 secends ceunts of exyperimental animals
(**) = percentage inhiditien



(i1) Experimeonts using 50 ug/ml otreptomycin i

(e} Bffoot of mtroptomyoin on animals 1@

(v)

Bofore doing any experiment with stroptomyein,

its effect on the animal wag peen, -Thoe animals

containing 50 mg/ml of antidiotic did not havo

any ${lleoffect end the animels worec normsl

hoalthy even aftor 48 hours.

Teanscriptional studics @

{(A) Pinding optimum doso of Aotinomycin D @

2hoe animalpo wore treated with 50 and

75 ug/ml of Actinomycin D and labollod

with 5 uei/ml of uridine TG in the laot

tvo Soura. The rosults are given in

Pable 2:5 .

Zable 2.5

The porcontage inhibition of RNA synthesis
with differont concentration of Actinimycin
D in prosonce of 50 wg/ml of stroptomycin

ag/al of

HNo. of aldbino 50 soe counts [/ inhibition
aninals Actinormycin D aftor 24 hours
takon/ml
Blank Expore Blank Expore Blank Expore

inmente imont- inont-

al al al
1,000 1,000 11il 50 3 75 78
1,000 1,000 14l 75 334 32 90.5
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(B) 75 ug/ml Actinimycin D gavo 90.57
inhibition of RNA synthoocio. The effoot
of this concentration on the pigmont

formation was studied. This 4is shovn in

Tablo 2. 60

Table 2.6

Tho offoct of 75 ug/ml Actinomyecin D
on pigment formation

Ho.of aldinoo mg/ml of ng/ml Optical donoity
animals/ml stroptomycin Actinomycin D aftor 24 hours

- at 340 nn

Blank Bxpore Blank Expore Blunk Expore Blank Exporie
imont= inonte imonte ponta-l
al al ol

5,000 5,000 50 50 nil 75 0.228 0,225
BOv 23 30 . 23

I% 45 quitc clear from the reau}ts tho
pigmont formation is independent of tho °
RHA cyntheois.
{c) Tranplational ptudioo :
(A) Pinding Optimum dooo of cycohoximido i
100 ug/ml of the inhibitor vao
triod, The ropults of the inhidbitien

cbtained wvith this concontration aftor
12 and 24 hours are givon in Table 2.7.



Table 2.7

The effoct on inhibition of protein synthesss by 100 ug/ml
of cyclohexinide im presence of streptemycin

He. o? albina/Mml ug/ml of . mg/m} of Counts afier Counts aftey

taken streptomycin cyclehexinide 12 heure for 2¢ hours for % inhidbitiea
80 mcends 80 oscends

Blank Bmﬁ; Blank Rwxperi~ Blank Experi~ Blaak Experi- Blank EBEgeri- 3lank Sxperi-
matal mental seatal mmntal wmeatal sental 12 kre 24 hrs

1,000 3,600 s 8 Nl 100 168 10 810 £33 3 12.8

19



(D) Dffoet of 100 ng/ml of oyclohoximido

oa piznont formntion 3

Bqual nundbor of aldinos wore troatod
vith 100 ug/ml of inhibitor tho rooulto
oro givon in Tadblo 2.8. Sinco thoe roculto
of Tablo 2.7 ohovcd that after 12 hourp
tho offcot of thoe inhibitor doorcaoon $0
o groct oztont, it wop considorod propor
to romove tho Anhibitor and tho mutriento
nodium, The animnls wvore plaococd in froch
modiun containing the otroptomycin and
again troated with 100 ag/ml of inhiditor,
Tho optionl donpity oo takon affor 24

hours.
2oblo 2.6
Tho offoct of 100 mg/ml cyclohoximido on pignong
formntion
Los of albinoo ag/ml of ag/ol of Optical donoity
_Sokon otroptomyocin oyclohozimido ot 340 ma :

Blonk Exporie Blank Erporie Blank EBnporie Blank Enporie
nontol nental pontal nontol

10,000 10,000 50 50 113 B 8 200 0.8 0.69
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{d) Inhibition of DNA synthesis and the pigment
formation i
&, Finding optimum dose of Hydroxy urea to
give about 90°/ inhibition of DNA
aynthesis 3
The concentration festod were 3.5 =i
ard 8 mi, The results are given in
Table 2,9, |



Table 20’

The sffect of Rydroxy ures ea inhibitien of ONA synthesis

S.Ne. Ne.sf albines/ml ug/ul of nit of ~Hydroxy 50 secs, ceusnts
taken . streptenycin urea added atter 24 hours % inhibition
Blank Bxperfe Blank Experie Dloak Rsperie  Slank Experie
nAtal aatal matal matal
i+ 1,000 1,000 50 80 M1 s 1,60 288 82
2. 1,000 1,000 50 8o N s 1,620 425 7
3. 1,000 2,000 S0 50 M1 8 1,620 199 .

44



{D) 7%ho offoct of 8 ], Hydroxzyurcn on tho

picmont Pormotion 1
The rooult ao givon in Tablo 2,9 shovod

thoat 8 m’l hydroxy uros givoo about $0 </,
inhibition, thoroforoe, tho offoot of thip
concontration on pigmont formation van
gtudicds Tho rooulto axro givon in Teblo
2,10, -

Zablo 2,10

Tho offooct of 8 rllhurcna on pigmont gormntion

los of oldbinon wa/nl of - Rydroxy Optical donoity
tokon/od obtroptonyoin uron/ol oftor 24 hours

Blenk BEBnporie Blonk Euporie Dlank Dnporie Blonk Bxporie
oontal montol montal nontal

5.000 5,000 50 50 il 8 =1 0.2 0.20

3 Roloc of torbohydrato motabolic inhibitorc on tho pigoont
formation
Tho notabolic inhibitors woro uoed to oco tho
rolation botvoorn tho pigmont formation and tho corbohydrato
notabolicm. Tho offoct of difforont cencontrationo of
inhibitorc coo otudicd t1l11 tho obage boyond vhiech tho
onimnls dio. Tho inhibitoro wood wore se



(1) 1Iodoacotic ccid and Iodoncotamido 3
Tho concentration usod woro 0.1 to 0.6 m'l and
0.02 to 0.04 mil rospoctivoly. Tho rosultc arc given
in Tablos 2.11(a) and 2,11(b), and Pigso. 2.2(a)
end 2,2(b).

fablo 2.11(n) _
Tho offoct of Iodoacotic acid on pipgmont formation

S.llo. Ho. of albinos wug/ml of Concentration of iodoe
takon/ml . stroptomycin acotic acid/ml givon
- ¢o the oxperimental
Blank Expoerie Blank Expori- animalc in ml]
montal mental

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

Optical

denpity

aftor

24 hro. 0.19 - - o 0.14 0.12 0,13 0.1 0.1 doad

2ablo 2,11 (b)
Tho eoffcot of iodoacotamido on pigmont formation

S.lo. MNo.of albinoo ag/ml of = Concontpation of iodoacote
takon/ml otroptomyecin amido/ml givon to the oxpe
; orinontal animnls 4in nl]

Blank Expori- Blank Exporie
nontal nmontal

1. 6,500 6,500 50 50 0.02 0.03 0.04

Optical

%g@gis*’ 0.19 - - - 0.8 0.14 0.1%
ky ol
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FIG.2;2.0. EFFECT OF IODOACETIC ACID ON PIGMENT FORMATION

. 2e ffect of 0.1 to 0.5 m¥ iodo
Fig. 2.2(a) icdtic acid on the regeneration
of the pgtgment in the albino
Blepharismas. The pigment
gynthesis 18 impaired as can be
seen from the decrease in the

optical denaity of the treated

animals as compared to in the
untreated(dblank) animals.
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FIGA2b.EFFECT OF 1000 ACETAMIDE ON PIGMENT FORMATION

Pig. 2.2(b) Effect of 0,01 to 0.04 mM
iodoncetamide on the regeneration
of the pigment in the albinos.

The regeneration of the pigment

is decreased in the treated animals
compared to the untreated(dlank)
albinos.,
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FIG.2.3. EFFECT OF SODIUM FLUORIDE ON PIGMENT FORMATION

,( [

Pig. 2.3 Etfect of 2-10 mll sodium fluoride
on the regencration of pigment in
the albinos. The little regenerae
tion of the pigment is evident upto
6 mll concentration.




Table 31.18

The effect of nickelchleride en pigweat formation

Re.of albines ng/ul of

talen Streptemyein Cencantration ef nickel chleride added te the
Dlank Experi- Blank Experi- oWerimatal agiwals in nM
mntal mental
8,500 8,500 50 80 Gl 0.2 0.4 0.8 08 h } 4
tical
ansity
aftey
2‘ m. 0025 - - - ool? 0017 0011 0012 0013 001 o“

I
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Pig.

2.4 Effect or&o 3 to.4 mM nickel chloride
on ithe- ragoneration of the pigment in
the albinos. Very 1ittle pigment 1is
regenerated as is cloar from the steep
drop in the optical density of the
pignent extract of experimental animals
compared to pigment extract from the
blank {control) animals.



Table 2.1

24
The effect of/Dinitrephenel on pigment formatien

S. sarvae No.of albine ug/ml of
Ne. tien animalis/ml strepto-
myetn Cencentration_of Dinitrephensl given te the 2lbing experimental animale (=M
Slank Expe- EBlank Expe- : :
ring= rinp-
atal ntal

1. 6,500 6,500 350 S0 0,01 0.02 0.03 0,08 0,03 0,08 G.07 0.08 0.09 0,10 0,11 0,12 0,13 0eld 0,18 0,128 0,17 0.18 0.1

Gptical
density ,
aftey

0e2 0017 018 0ol 0424 06,20 0018 0olS 02 018 01 024 0.2 0.3 0018 0,18 0428 Dea

2‘ m. 0;“ - - -

(¥4
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FIG-45. EFFECT OF 2,4-DINITROPHENOL ON PIGMENT FORMATION

0-04 0-08 012 0-16 0-20

CONCENTRATION, mM

o

i T o
S N M

Effect of .01 to 0.19 mil 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.



Table 2.1

The effect of sodium azidd et the pigaent formation

. iR —
S.Ne. Qwrvatien Ne.sf albine xug/ml of
aninsisn/md streptamycin Cancontration of sedium aside given
. to the albine experinental animals in =it
Blank Expert= Blank Bxperie
mental mental
1. 5,000 5,000 $0 80  O0.d 0.3 Gs3 04 0.5 0.8 0.8
2. Optical
ansity .
aftey
2‘ m. 0.11 - . - - 0612’ 0.‘3 0.11 0.13 0-18 0018 00’;‘

Y4
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FIG.2.6. EFFECT OF SODIUMAZIDE ON PIGMENT FORMATION
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Pig. 2.6 Effect of 0.1 to 0.8 m¥ sodium agide
on the regeneration of the pigment
in the albinos, Sodium azide increases
the pigment formation as can be seen
from the increase in the optical density
of the pigment extracts of the albinos.
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4 Adotato pathuay and tho pignent formntion s
In ordor to Savootigoto tho aniaeonco'of acotato
pothvay tho ozporinonts done wore of two typos.s Ome typo
of orporiments woro thoso involving feocding vith ' oG(U)
glucosco and tho othor type voro thooe of fooding vith

‘%(U) sodiun oecotato.

(1) Dosting with “%¢(U) glucono (opocific ectivity
179 moi/t1 mole) 1
Shroo difforont oxporimento wore donos
(o) %hio oxporimont uno done only to f£ind out vhothor
$ho picmont takoo up tho lebol or mot. In thid
oxporioont tho albines voro fod vith 0.05 mei/ml
of plucose for 46 hourn, tho rooulto obtuinod‘

aro givon in Tablo 2,16, ‘

Zoblo 2,16

7ho incorperation of labol 4n purifiod
pignont aftor 48 houro of fooding

llo.of albinoo/nl an/nl of aei/nl of 50 oocoe. counto
otroptorysin M_c alucoso aftor 48 houro

400 50 0.05 633




78

{b) The rosult of tho abovo ozperiment vas
confirmod by fooding the aldino animels with
140 glucose, and purifying theiyr pigmont aftor
12, 24, 36 and 48 hours. $he incorporation of
14& weo measurod tho ropults arc given 4n

Pable 2.17 and Fig. 2.7.

Zable 2.17

Tho inocorporation of 140 glucoso duxrding
tho pigmont gynthosio by the albino animalso

No.of albinos amg/ml of qﬁilml of 50 sees. countn aftor
takon/ml zzzggtomwcin ¢ glucogo 12 53 %48

hrc hrs hro hes

500 s0 0.05 251 354 856 877

{(¢) %hio oxporiment was done as a socond confirmation

140 glucoso in tho

of tho incorporation of
pigmont, In this ceso oqual numbeyr of tho
pignonted and albino enimalso wvore fod with

’40 incorporation

0.125 mci/ml glucosc ana the
moacurod in the purificd pigment aftor 2, 4 and
6 hours of feeding. The rosults are showm in

Table 2.18 and Pig. 2.8.
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FIGAA7. '“C GLUCOSE INCORPORATION DURING THE PIGMENT
SYNTHESIS IN ALBINO BLEPHARISMAS

L e - LT
Pig. 247 ‘The 4, glucose incorporation in
the purifiod pigment, synthesised
by the albinos after 12, 24, 36
and 48 hours: of 14¢ glucose feeding.
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Table 2.8

™ Mcmm incovperatien after 2, 4 and ¢
hsure of fesding in pigmentsd and clbino anirals

He.of animcle/sd ag/md of Gluccse uel/el 30 secs, counts after :
1,000 1,000 80 s0 0.125 0.12%8 98,212 22,314 24,008 25,801 21,061 18,213

P = Pigeans animals

5ammusm.

08
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FIG.2-8. *C GLUCOSE INCORPORATION IN PIGMENTED AND
ALBINO ANIMALS

SR e J

Pig. 2.8 The ¢ glucose incorporation in the
purified pigment samples extracted
from equal number of pigmented and
albino Blephsrismas after 2, 4 and
€ hours of feeding with glucose,



Al)l thooo oxporimont chowoed thot glucose Lo

incorporatcd in the pignent.

{(11) Pooding vith sodium acotato 3

Pour difforont oxporimontso voro dono

Thie ozporioont wao done to ooo if thoro
io ony 1lleo0ffoct of codium acototo on tho

14

pignont boforo fooling with € labollod ccotonto.

The ropults are givon in Tablo 2.19.

Zoblo 2,19

E'hq offoct of podiun ncctato on pigmont formation

Do.of albinoc Ayp/ml of Concontration of codium acotato

takkon ptroptomyoin odded to the oxporimontol
' anipalo in ol

Blonk EDzporie Dlank Bxporie
nental nontol

10,000 10,000 50 50  1x1072 5x10™2 1:10™% 5m10°¢ 1mo0”>

Optiocnl
donoity

agftor ' _ .
24 hro. 0056 - - - 0,58 0,49 0060 0096 0.60

It 1o obvioun that thoro are no illeoffocto
of tho oodium acotato and thot tho pignont is
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formed as usual, The animals also looked

healthy and vigbous.

Peeding with "& {U) sodium acetate
(a) The albino animals wers fed with 0.3

aesi/nl of 140(0) sodium acetete and
incorporation, in the pigment measured
aftexr 48 hours. The result are given

in Table 2.20.

| Zable 2.20

The incorporation of 14C sodium acetate
after 48 hours of feeding

No.of albinos/ml mg/md of aci/ml of “c 50 secs.counts
streptomyoin sodium acetate after 48 hours

5,000 50 0.3 18,909

(b) The above experimental data was confirmed
by feeding with 0.1 mci/ml of the radio
isotope to the albinos animals and the
morporation after 12, 24, 36 and 48 hours

wes seen. The rasults are given in

Table 2,21 and Pig. 2.9,
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Zable 2.21

o The Y44 sncorporstion of sodium acetste in
Lpigme the purifiedlafter 12, 24, 36 and 48 hours

of feeding
Nos.of aldinos ug/ml of ?silnl of 50 seos counts after
taken/ml streptomyocin C soet» T —TY £T3 T
' hres bhrs hrs hrs
500 in ench
of 4 differ-
snt tude S0 0.1 44% 2,234 612 1,511

{c) Further confirmation of the above
experiments was obdtained from this
experiment, whersin both the pigmented
and albinos were fed with 0.25 moi/ml
of “c sodium acetate, The incorporation
of "c in the purified pigment was noted
after 2, 4 and 6 hours of feeding.

The resulis are summarised in Table 2,22,
Pig. 2.10. |



Table 2.22

The }C incerporatien in the pigment of pigwentsd

and aldbine animals

 Ne.ef animals ./uml of kxc:/-!. ot “c ‘ 50 secs ceunts after
taken streptémycin  sedium acetate . —
- 2 hye. 4 hys. & hre,
A » A » A P A » A » A 2
1,000 1,000 50 50 0.25 0.28 2,800 22,518

26,483 30,214 24,337 27,806

A = Albing animals
P = Pigeeat animals

88



e e e s e —

[ | PIGMENTED
< ALBINO ANIMALS

73]

-

Z

2

8
. o
| 8

O 40,000

&
3 8 -
) 30,000}—
I

20,000—
10,000~
¥
F 0
I: TIME (Hours )
i
'_: FIG:310. “C SODIUM ACETATE INCORPORATION IN PIGMENTED
r AND ALBINO ANIMALS
|
{
b ———— e T
Pig.”2.10 The 140 sodium acetate incorporation

in the purified pigment samples obtained
fromm pigmented and albino Blepharismas
after 2, 4 and 6 hours Teeding.

- ———
—y



58

The result from (a) to {(c) show that sodium acetate
is incorporated in the pigment and that aocetats p).a.n & role
in biosynthesic of the pigment,

Se Shikimio scid patheay and the pigment 1
To study wﬁethtr the shikimio acid pathway for
naking the quinone pigments exists in Blepharisma or
nots the enzyme involved in the formation of shikimio
acid was studied. The experimenis done were:

(a) Assay of the enzyme shikimate reductase i

The assay of tho snaymeir tlo »montoa'anmaa
wap done as per the method of Balinsky and Davis,
1961, 3-4 days old pea socdlings grown in the dark
also contain this enzmyme; therefors, to confirm
the presence of the snuyme in "ﬁaipm;-m the
enzyms was ossayed smltan;ously from the pea
seedings as well. The results are tabulated in

Tedle 2,23 and activity graph is shown on Pilg. 2.11.



Shikimate reductase in
Blepharisma extract

Table 2.23

Shikimate reductass in

pea sseding extract

tical

Blank Rxperimental Optical Time in Blank Rxperimsatal

density wseconds denstty

at 340mm ' at 340nm
2 ul of 2 al of glycize 0,129 3 0.18 2ul of glyciw 0.2 m of
glyocinmw NAGH bufferd «NACH buffer + buffertd.2
«NACH Du~ 0.2 wl NADDS 0.129 a0 0.18 0.2 ml NAP unl NADNO,.2
ffertO.2 0.2 =l anfwml G2 ml pon ml pes sxtract
nl NADRW sxtractéO.2 ml 0.13 o0 0.18 meding 0.2 ml of
0.3 ml shikiwic acid extract shikinic acid
animal 0.12 120 O.18 .
extract

0.12 180 0.19

0.2 180 0.198

Oul2 240 0,20

0,12 270 0.20

0.12 300 0.20

Q.128 330 o.21

0.118 380 Ge22

Cells 390 o.22

0.118 420 0.218

0.118 450 0,22
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ABSORBANCE AT 340 nm
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0 60 120 180 240 300 160 420 480

TIME , Seconds

FIGA.N. SHIKIMATE REDUCTASE ACTIVITY IN BLEPHARISMA
AND PEA SEEDLINGS
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(b) Inhibition of tho onaymo chikinuso roductaco
-pith paro-chliore corcuribonnonts {(PCLB) @

Tho albinos vore ¢$rentcd with PCUB Cho
inniniteor of tho ompynn (Balinchky and Dovio,
1¢61) ond tho pignont formation vas otudiod
by toking tho optienld donsity of tho pizgmento
oxtroot oftor 2¢ hours. The rooulto aro givon
bolow 4n Fablo 2.24.

Znblo,  2,2¢

Effoct of poraechloro rorcuriboncesto en
tho picnont fornatien

Do.0¢ 0lbinon/ an/ol otrope  Concontrntion PCHB ¢o onporie
) 7 oad montal albino animalo in
Blonk Dupori~ Bloph Dapoyde molaor (1)

nontad nontnld
5,000 5,000 50 50  2x107° 4210°% 6210°® &x10°S1m0~92mu
optical
Gonpity
oftor
24 hro. 069 had bod L 3095 00@6 0-03 ang 0.02 Lors

Tho abovo dato Watoc that vith ¢tho
inhibition of the onoyro shikimitc roduoforco
tho pigoont 4o procticclly 4n not forncd, ond
Shat tho moot offcotivo econcontration 4o

110™%n,
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{c) To confirm the abovo result the albino animalo

5m PCHB, dlank wao run

vore Sronted with 12107
simultanoously end the optical density at 340 mm,
of tho pigment oxtracts form thetreatod and
untreated animals vao moagured aftor 8, 20, 24
and 44 hours of tho troatment. The results aro

cunmarised in Table 2.25 and shown in Fig, 2.12

Zablo 2.25

Pigment formation in 1x165 H PCHB
troatod nldbino animals

Ho.of albino . 2ime in hourso

animalo _
takon/ml 8 20 24 44
E B B B E B E- B E B

7,000 7,000 0.10 0.145 0.105 0.155 0.115 0,23 0.14 0,285

E « Exporimontal ;3 B « Blank

(d) The abovo observations woro confirmed from tho
absorption opectra of 1210°% 1 PCIB, troated and
tho untroated albinos animals aftor 24 hours of
tho treatment, The data of optical donsity at
difforent wvavo longtho is showm in belov 4n

Pable 2.26 and Pig. 2,13.
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o
i

ABSORBANCE AT 340 nm

0-15

| | BLANK s
- B8 ANIMAL wiTH 1 x16°M PCMB

0-05

FIGQ.12. EFFECT OF 1x155M PCMB ON THE PIGMENT FORMATION

TIME , Hours

Figs 2.12 The effect of 1x10~5u poyp on the

e ———— e

regeneration of pigment in the albino
animals, 7The pigment synthomis is
much less as compared to the equal

aunber of untreated control(blank)
animals,



Table 2. 26

Absorption spectrs of PCEB treated and

untreated pigment extract

nm Blank PCMB
330 0.115 Ko 0D
335 0.25 0.10
. 340 0.29 O.14
345 0.285 0.145
350 0.27% 0.145
355 0.26 0.135
360 0.21 0.11
365 0.15 0.076
370 0.11 0.054
375 0.10 0.048
380 0.098 0.044
385 0.086 0.04
390 0.084 0,04
395 0,08 0.038
400 0.074 0.034
410 0,068 0.03
420 0.054 0.026
430 0.044 0.02
440 0.046 0.02
450 0.056 0.026
“50 0007‘ ‘0;\034'
470 0.084 - 0,04
480 0.08 0.04
430 0.1% 0.05
500 0,10 0.046
520 0.08 0.04
520 0.08 0.04
530 0,105 0.046
940 0.13 0.06
550 0,12 0,06
560 0.115 0.06
570 0.145 0.068
580 0.185 0.088
590 0.16 0.088
600 0.094 0.064
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DISCUsSION

The laboratory madoe cldbino Blophorciman regonorgto
thoir pigmont vhon placod in the mutricnt modium and 4t
takoo obout 24 houro %o rogonornto about 607 of tho pigmont,
ap 1o ovidont from tho table 2.1, The comploto rogoneration
of tho pigmont tekoo moro than 48 hours (Gioso and
Graingor, 1970). Tho optical doneity ot 340 nm ic takon
a0 tho indox for ooonying tho quantity of the pignont formod
bocauso the aboorption io moximun at thic wave lqnsth
(Pig. 2.1}, vhon tho opootrum is tekon from 300 to 600 nm,
Sincc tho picmont formod in tho firot tuvonty four hours 1o
alvayo more than that formod in the nezt twonty-four hoursp,
0ll the otudioc conductod with pigmont regoneration arc
dono during tho Lirot 24 hourd. Tho foot that the animal
continuounly synthosisos the pigmont vhon it ic asctivoly
fooding 1ndica€éa that tho pigmont must bo having an
fimportant rolo, though it can not do a nmajor onc, boocouoo
othorvioc the mnimal vould not have takon 48 hours teo

rogonerato somothing vhich 4n vital to it,

Gono and tho Pignment

Tho rolo of tho gono in tho pigmont formation 4o

phowm in tobloc 2.3 to 2,10, Tho grnnogrigtgonnl ptudion

uoing rofempioin inhibitor of RUA synthosis (Tablo 2.3)ond
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tho translational studies using cyclohoximido as tho
inhibitdr of protein synthosis clearly rovoal that tho
resulto are not consistent with the dosage applicd for
oxamplo with 100 ug/ml of refampicin and 100 wg/ml of
cyclohoximide the Anhibitions is 64 end 41] respoctivoly
vhile with 200 ug/ml the 7, inhibition docroases to 31.1
and 14.71 respectivoly. lot only this discropancy is
obperved, but the oxperimonts also do not give ropeatable

data.'

To ovor comoc thoso difficultioco tho gono exprossion
studies are done in tho nutrient modium containing 50 ug/ml
of stroptomycin. In all thesec oxperimonts first the pllot
oxperinent is run to dotormino the dope of inhibitor noodod

to givo about 90/ inhibition.

The transcriptional studics (Pables 2.5 and 2.6) with
Actinomyein D chow that 75 ug/ml of this gives 90.5)
inhibition (Tablo 2.5)3 but the pigmont formation io
indopendont of the RNA synthesis, as is clear from the data
of Tablo 2.6.

Tho $ranslational studies with cycloheximide as tho
“inhibitor of protoin synthosis are shovn in tables 2.7 and
2.8+ Tablo 2.7 shows 100 ug/ml of cyclohoximido gives 937
inhibition aftef 12 hours but after 24 hours it is only

12.8/. Thic may be duc to the fact that the inhibitor bocomes



98

inoffoctive aftor 12 hours. To ovor como this aftor 12
hours the frosch culturo modium is addod and the oxporimental
animalo are again treatod with cyclohoximido. Tho offcct

of cyclohoximide on the pirmont formation is showmn in

table 2.8. Tho rosult chov thet though thore Lo rmall
dooronso in tho optien) donoity in the oxporimontal animale,
it 45 not vory markod to cnablc ono to dravw any dofinite

conclucion,

" Tho DHA synthooio is inhibitod with Hydroxy-urea and
tho Table 2.9 shousn 8 m!l givon 887 inhidbition. Tho offoct
of this co#cantratlon on tho pigment formatien (table 2.10)
onco again shous that plgment 4o formed in tho oxperimontél
animalo and that tho DNA oynthoois does not control tho

pigmont formation,

Tho concluding romarks vhich can be made from gone
oxprocscion and DHA inhibition studios aro that pigmont
rogonoration soems to bo indopondont of thoe gono and its
activition,

[lotabolic inhiditoro on tho pigmont formation

The difforont roaction stops in carbohydrato nmotaboliom
aro blocked and tho pigment regonoration has beon otudiod,’
The inhibitor usod arc fodoeacotioc acid, 1odo-aootamide,
sodium fluorido, sodium agide, niockol chlorido and 2, 4}
dinitrophonol.
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The results are tabulated in tables 2.11 to 2.15 end
drawn in Pigs. 2.2 to 2.6. 7The steps which are dlocked by
these reagents are schematiocally shown belowse

Carboyydratcs
Glucose
Glucose~6=phosphate
Pructoge-b-phosphate
Fructose 1-6=diphosphate
G}yoeraldaldehydc~3ophosphato

ATP «— _  1e3«Diphospho=glycerate

NaN3 = » TAA
ADP .
3«phospho=glycerate
2ephosphoeglycerate
[ NaF
v
Enolpyruvate
Pyruvate Ethanol
A
Acetaldehyde

v
Acetyl ' Co-A e pcotate

"
Oxidative %]
Phosphorylat;;;> 5543
2,4

Citric acid cycle
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(1) " IAA= Todoeacoticeacid or Iodoacotamido
(11) NaP ~Sodium fluorido

(111) Hang e Sodium agido

(iv) ﬂicla « Nickolohlorido

(v) 2,4 DIP = 2,4 Dinitiophonol

Tho troatmont of animals with iodoeacotic acid and
iodoe-acotamido {Table 2,110 and 2.11b) (Figs. 2.2a cnd 2,2b)
shoup that the vory 1ittlo rogonoration of the pigment
takaa\rlace. lodo=acetanido givoo bettor resu1§ ovon vith
as lov a concontration as 0.03 mM (3x10°5m). tvhile iodoncotic
acid shovs the samo dogroo of effectivoness at 0.4 mMf
(4x207"n).

Todoacotic acid and fodoacetamido both aro alkylating
agonte and roact with SH group of number of engymos. Thoe
iodoacotanido ic moro ponotrating agont than the iodoncotic
acid (00dd€r&,1935). At lov concontration the aetion ic
opocific for the ongyme glycorylaldshydoe3ophoophato -
dohydrogonnoo (Rackor, 1965). Thio onzymo is rooponsible
for conversion of 1,3ediphospho=glycerate to 3ephoophoe
glycorato, or that it intorfors with tho firot stageo of
tho motabolic pathuay of glucose utilisation and dbeforo tho

ATP formation takes placo.
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Sho offoet of sodiun fluorido on pigmont rogoncration
ie ohown in tablc 2.12 and Pige 2.3. Tho rosulto chow that
&% ¢ho concontration of 4 and 6 =yY/ml the pigmont ronorotion
10 dlockod to a groat ontont, AU highor concontration Exl1
onvard tho rovorso trond otorto. Tho onuymo offooted by
thio 4o tho onslaoo (Rookor, 1965) and tho convorsion of
pyruvato from onolpyruvato 1o offoctod. %Tho dovn ward trond
at 1ov concontrations onao again chows thot Sho pigmont
formation 1o in pemovoy rolatod to tho cavdohydrato
notabolicn, |

Tho offoet of nickol ehlorido on tho pismont 4o chomn
in tablo 2.13 and Pige 2.4)s %ho rogonorotion of tho piguont
40 ooriounly offootod and tho down wasd trond which starto
at 0.1 £ concontration ic raintainod and tho nnxirun io
achioved at ¢ o1 (4210™°1), Hot only tho pigmont 1o not
rogonoratod dut tho albino animelo arc aloo vory oluggich.

ldekol ohlorido oocto on the onoyno aleohol dohydrogonaso
{Muhronann ond Rothotoin, 1968)and inhidbito tho fornation of
ocotaldohydo as schoun in tho abovo dlagyan ¥, Sho
rogonoration of pigoont 4n vory littlc amount cloarly schown
tho importanco of tho otop 4n controlling tho pignont

formation,

The offoot of godium cgido (Pablo 2.15 and Pig. 2.6)
chowp that the pignont rogonoration io not at all affootod,
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rathor, on tho contrary, & olight tondoncngncroauo io
poon, Similarly, from the results with 2,4 dinitrophonol
(Table 2.14 and Fig. 2.5) the dovnward trond in tho pigmont
rogoneration is not observod. Tho behaviour of the animal
tovardo this roagont io somo vhat unusual but oven thon |

ono can olearly ooo tho incrcaso in tho pigment formation.

Both thooo yotgontn aro inhibitors of oxidative
phosphorylation {Rocker, 1965); and thus roduce tho amount of

ATP producod por glucoso moleculo.

Tov looking ot the total characteorisation arrived at
from thesoe fivo motabolic inhibitors and thoir relation to
tho pigmont rogoneration, the gonoraliccd conclusion 4o that
tho pigment is formod during the carbohydrete metaboliom or
in othorwordn it is a mntabolic produet. It is formoed
during glycolysio; TCA cyclo hac no role to play in ito
gonoration except to provido tho onergy. Out of tho throo
otops vhich control tho pigment formation, tho onc vhich
control the formation of acotate via acotaldohydo (inhibition
vith ﬂicla) playo the key rolc. This oboertation is mado
kooping in viet the sluggish behaviour of the animalc when
troated with thio chomical. Anothor aopect vhich emorges
fron this obgorvation is that pigment 46 in somoway rolated
to tho vigoTP¥pity in the animal.
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¥he insight intc the structure of $ha pigment Svam
Blepharisre undulene hes bean given by lqnor (1952) ang
Sevasans (1965) AM Sentative strucsture was given vbiah 1s

shown in (A). The nmaturo of Blepharimme utcrmémn was
elucidesed m $his xsbamazy And 10 given st (b). The

struotures 'hm tuat they are W..&W

0

0.

(a) | (b)

The quuwau whether in plams. taoderics or animals
ere formed tm t\wo pathwaysie=
(1) Acetate~malonate pathm '
(2) snikialc seid pathway
. (1) Asstate-mslonate pasheay 1
| xn thic tixo oyelie oﬁm-'m forued By Sheo'hoadetailt '
Mmtm of astivated qoo,'téato unit (acetyl Gu-A) and



/methylene
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malonyl Co-A units. The condensation of these two results
in the formation of ‘polynkotqlgroupu'. which undergo
cyclisation, exidation, reduction, alkylation etc. to form

the phenols, The phenols get oxidised to form the quinones

as shown @
Carbohydsrate
L 4
Pyruvate
{0xidative decarboxylation)
v
Acetyl Co=i Carboxylated , Halonyl CoeA
(cnsco-s-co;) (nzﬁ-co-s-cm)
HOOC
HOOC o \
_ ¢ i ;2!&99.%). 4 P
03306-8-(!0&]-32(2 o ( =5 « COmik -002 OKB-C - GBZ-OoB-CoA
b
Keto methy-
lene group

These keto=methylens groups condense to form ring
compounds viz. anthra-quinone is formed by the condensation
of seven such methylene groups dexrived from malonic acid and

one from the acetic acid,
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AN

(Emodin)

¢

Ehs Moﬁatc \mn providog one QB, =0 group only while 9.11
tha othor c nm some from the malonate. Zheze rmdinga'
h;ve besn proved on diftcront sysiems using “0 a.nd n
tmem (Gatenbeg:, 1962; thbntu and Ikekawa, 1962.63{ A

. Birch e% al, 195%; Gattonbeck & Hosbach, 19595 end Bu'look

‘and 8malley, 1961).
(2), 'W '

mu puthm is used in m.léins cromtic saine acids,
phonylulani.nc. tyrasine from aliphstis precursors derived
 from ‘$he carbobydrate netabplism, &n ph.nté }hoth higher

xom) and hwtom. In andmals 4t Ras been reported
in ﬂetmhymom pyruemta (wlcr. 19”) tenobrionid bettle
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Meinwald et al, 1966). The quinones are formed from the

shikimic acid or aromatic amino acids as shownt

Carbohydrates
{¥etabolism)
[ ' ’
Phosphoenolpyruvate D-Erythrose~4-Fhosphate
2, (1)
: ‘ 2) ,
S-Dehydroquinic Acid “———; JeDeoxy-D-arabino heptulosonic
' A . acid=-T-phosphate
(3) .
5~ﬁ0hy;i shikimi @ Shi#imi 14 ti
: o - J— ~ o acid —> aromatic
acid aninoacid

Quinones

hé 10 representation of shikimic acid pathway for t

- syntheais of the quinones
The enzymes involved in steps 1 to 4 are:

(1) DAHP synthetase {Srinivasan & Sprinson, 1959)
(41) Engymes requiring DPN and Co (Srinivasen and
Sprinson, 1957, 195%)
(111) SeDehydroquinase (Mitsuhashi and Davis ,,1954)
(1v)  SeDehydro-shikimic acid reductase (Balnisky and
Davis, 1961)
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Thereforo, obviouoly the main step 1S the formation
of ohikimic acid and the corresponding onsymo is 5edochydroe

shikinic acid roducteso, from wvhere the quinonos aro formod.

Row, discussing and onalysing the rosults of 140 glucono
incorporation in tho pigmont in the light of above pathwayo
(Tables 2.16 to 2.18 and Figo. 2.7 & 2.8), shows that tho
pigmont is formed as an offe-nhoot during the carbohydrato
metaboliocm, by sccondary roactions. This fact is quite
in lino with tho othor secondary metabolic products liko
tennis, ligtins, flevnoids of the plants vhich also
originatoc by the oimilar sccondary mstébolic pathuvays.
‘Theso secondery motabolitos vhich like Blepharisma pigmont
are not essontial for the manifostation of 1ifc but
novortholess aroc important for oustaining and mainteining
oome vital functions of the living nystems in vhich thoy

arc prosont.

The incorporation of the 146(0) sodium acotate in tho
pigonont shous tho involvomont of ‘acotate! pathuay 4in
Blopharisma (Tables 2.20 to 2.22 end Fige a.é.a 2.10).

Tho tormetion of piamenta of anthraquinonc type arc well
ooteblished from this pathway viz., the fungal mdtaholitos
helminthooporin (Birch ot nl , 1958), emodin (Gatonbook,
1958), islandicin (Gotenbock, 1960) and sovoral othors are
proved to havo originetod from acotate pathvay by foeding

exporimonts using 140 radlo-iaotopoa.v Tho rhodocomatulin
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" anthraquinone pigments of orinoids (C. pectinate and
C.cratera) (Suthcfland and 'olli; 19593 1967) are also
shown &o be derived from acetato~molongti pathway (Salaque
ot al, 1967, and Sutherlend,. 1969). Similarly, the insvot
pigment whioch torm'a coherant sroup'rala;od to 'Deoxyerth=
rolaceint f;nnkataraman and Coworkers, 1966; 1968) also
-oomod to bhe d;rivcd tr;m one acetate and ;svon malonate
units though {hern 1;. ho direot experimontal evidence
for it. The ?ypical anthraqﬁinéno structures from crinoids

and insects pigments a2 given below in (¢) & {4) respeciively:

(¢) Rhodacouatulin (4) peoxyerthrolacein .

Thuse are simple and smaller molscules compared to the

_Blephanismats pigment moloouio;

The large nolcouiot;an that of Blepharisms are the

dimers formed from thé simple anthraquinons derivatives.

.

Ref.Meos. 47,99 & 100 ..

- -
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In :mch ;;oléc’ulorx-{sho phencl coupling of monomors tokos
place and thic Lo followed by oxidation to givo the quinone
strusture (Imro, 196§; s4dmm émd Sankaram, 19663 8idhu ct al,
f 19683' Fﬁilne and Thomoon 19683 and Yoohihirb. g_g o, 1970).
Zhus the poh;auclau- hybarioin 14ke guinone pigmont cn.:; be -

the regult of phonel coupling of two monomerns

" Although, no oxperimentsl proof is there for the
_!.xwo}.veme;n'é of acctate péthway. for hypericin like pigmonto
tc which Blepharisma pigment bqlong‘o; tho feedix;g_ experimonto
in echinoderm pignont elsinochrome A, vhich 1g e dimor of
naphthaquinone have ostablishod the existence mootato-

malonate pathway (Chen et al, 1966).

Anslyoio of the. shikimic acid pathway results (Table
2.23 Pige 2.11) shovw 'tha.jb tho koy enzyme whioh farmo
"chikimic aocid. from dohydro-shikimic acid as por tho roastion

si.vozi below, is pr,eaﬁnt. Since fhe above renction 1o

€00 <
+ NADEH ¢ HY —> o Napp *
07 OH . oM
R LU '
Dohydroshikinato . shikimate

rovoroiblo and 1% :}.5 aspoycd in tho dirocotion of dohydro-

chiliinato formation. The prooonce of thic onsync wvhooo
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:ymuoﬁoo was confirmod by the spesific dnhibition with
parachloro-novouri-bonsoato “(Balméw & Davids, 1961),
Tho non-regenoration of pigment :ln a.n:lmla whon tronted
with tho PCMB (Fabdloo 2.25.0 2. 25 aM Pism 2.12 & 2.13)
aloaﬂy shows that ohik:l.mic ooid puthway plays a rolc in

'‘She pigment fome.t 10!1. .

The ccmclupion fronm \‘s_l;ono studioc (Tableo 2.16 %o 2.26)

ia that both the patawvays arc cperstivo !,n,Bioghar;sma’ )

- intormedium for tho tormaticn of the pigment. To¢ what

oxtent each pathwa.y plays thc role is yet to bo seen and
| onﬁablanhed. o ‘ )

* Though, at firat 5191160 4% moy appoar atrange and
unlikoly that %wo pathvays can’ éxicv in tho seme orgoniom,
recent studies on plants have 'provﬁév beyond doubt that two
pethways csn porate a;&mxltanoounln tha.t ono ;nonsono
ring moy ardec from chikimic codd pothwaey and the othor via
| .aco.ateinumott and !Bhémaon 15685 1967 and Leietner and
g~k (1968) woriing vith Rubisgoco gm_xb-fpmuy Rubioidap), -
Bignoniacone and Verborocoso familios vhioh 511 heveo

onthraquinone pigments of tho type have shown that ring 'QY

, 0 o
/7 o“.
v ; 4

in formed fron movalonate. which zn twm, 46 derived trom
a.ott,vmed' acotote (Popjak & enmfonh 19604 Wright, 1961;.
‘Ehiu Loct wap eetahliehea by feeding *Bhe fabiatinetopum

1
)
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(madder) plant with 2~'*0 movalosate. The whole of ring
CtAY and 50X of the cerboayi group 5{ ring 'B' 12 derived

timm the shikiuic acid. as per schemé aivon bolow:

Bhikimio acid

72
% precursor
oK

|

§ OH oit

p, i ol COON
JCON Qe

&t K
o

w . P

A
(oxidation)

: v
[ 4 L 1

Sohem showing the fomtion of nnthr one
. pigmeints from shikimic acid, If R in ?%Ym

then the pigment ig unqam end u i% is oN
then it 1- Murin . _ ,
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Shikimde aoid forma c.‘~oompounﬁ vith ton carbon atoms
’whiiih thon con&enaéa withl tho movalenic acid (coming from
tho asotate units) and foms the anthmguinoao pigronto.
Though $ho nnturo of 010 oompound hnn nos boon idonti lod
g0 Rubia plant, but: thore 15 overy likelyhood of itr >ing
rxnphthol dorivative. 1'he 10 13 a naphthol dor:l.vc ivo is
‘baged on tho azparimqgfal raotawof Loiﬂtner and 7-ux (1968;
1967) vho found that 1"‘.4 mpthihaquinono {8 inecrporsted in
valisc.rin in Rubinbinotorum. Thoy further ohowed that . M
chikimic aoid io mccrpcrated. in 'toto' 1n1se aliaori.n end '
purpurin (Loiotnor & Zomk 1967). Tho impo-rtanco of %10
unit & forming vholo of ring *A° ond 508 sorbonyl greup of
ring 'B* hap boon further proved from the mc mozporauon

of nhikimic aoid ﬁ,Juslone ( ) (fomily Jungland-
. v " ’ . ' 'Q‘ o‘. ’H'o o' ‘;. (. . )
BOOQO') m mwaoné(' CQOH ) (Lomilys Jgthraocuo) .

(Leistner & ZGnk 196’71 68). 'From ‘tha ébovo‘diaouecwn it 1o
appuront that rina w an pm of 'BY ia formod i’x-oz: chihkinmic
noid, whilo rins 1o ’.e ob’minod from aca'cutc unitn. Thio

loavea only $hroo oarbona of mmz.' ‘B 0 uhovn + Thooo throo

0/ /

a

from _
mévalonate

from -
shikimate
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¢ atomo have hoon chorm to bo formed in Juglonoc and Lavoono
(Canpboll, 1969) fronm chinatouomi—aldohydo—thiamino
pyrophosphate complex dorived from acotato and oxmaloacotato)
The acotato and oxaloncetate are formod from alaninc and

aopartato rospoctivoly via tho Krob's cyclo.

Hou looking t0 tho overall picture of the threoo rings
of anthraquinone, ring 'A' 45 totally from chikimic acid,
ring 'C' is from acotato vhile ring 'BY ic shared by theso
tuo.

It is vorth montioning that cxiptonco of both the pathunys
is not only roportod in quinono pigments, but aloo in
flavnoido, icoflavnoido and icocoumarin pigments. Horo also

tuo bensone rings aro formod by difforont pathuays. Tho
A gehemno for theso pigmont ic givon bolow. Ring 'A' io formod
from acotates vhile 'BY 1o formed from chikimic acid. Tho
chikimic acid forms phonyl-propanoid acid (06-03 unit) '
{o=Calla and Hoioh, 1965) vhich then condensoo with activo

acotatos unites to form tho pigmontn,
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(Acetic scid) - (Phenylpropanoic acid)

) (isofcoumarin) T (Flavonoids)

Scheme showing the s/nthesis of plant pigments

The 1aocoumarini and flavnoid are formed due %o the
differonco'in the mode of oyolisation of the 1ntorﬁ3d1ato
°formsa by the condensation of acetates and'-hikiﬁato seid
derivatives (Robinaon, 1955}‘Biroh and Donovan, 1953;
Bogorad, %956; Neish, 1960, Gr;lcbach. 1961, and Griucba@h

and 01lis, 1961)..

Though all theee observations hgvo'bQQn'mudc in highcf
planﬁs, it 4w quite logloal to oiton‘ them %0 dntﬁal-,
bocauuo the piguments of plnnta have oimilarity wtth the
nnital pignents not onl: ntruoturally but bio-ynthotioally
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ag wolls Thus omodin iz beois pigment of fungi and sovoral
highor plantc vhilo tho ioomor of cmodin is tho parent pigmont
found in insects (Vonkatram-an gt al, 1967; 1968). Tho
Blopharismo pigmont and tho pigment foolated from Juracoie
erinoid (Apiocrimus opp) by Blumer (1951, 1960, 1965) afo

gll rolatod structurally to 'Hyporicin', & plant pigmont
belonging to family Guttiforao (Sovenant 19653 Blumor 1968).
The spinochromes of ochinodorms arc hydroxy naphthaquinonon
Juot liko Juglono, lauvpono otc., of the plant kingdom.

Summing up the biooynthotic pathway in Blopharioma
intormodiun o simpleo schematic dlegranm moy be givon ao:

Caébobydraton
Acotato 2“’ /swmm nodd
\m .

o
<

oxropotic onmino
acido

The precursorsc chikimic acid and the acotato of tho
pigment ariso from carbohydrato motabolism vhich alenc or

roact togothor can form the pigmont., Tho shikimic acid may
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bo directly invelvod in pigment formation or it may bo

through tyrosino, phenylalpinc. $horofors, futuro studiocs

ghould be dono on the linoo:

(1)

(1)

(144)

(iv)

fo £ind out the oxtent of involvement of chikimic
acid ond acotato pathways in the pigmont formation.
This is to be done using 14(} shikinic acid and

146 acotate studies, and studying the position
of the incorporation of these labels in tho

differont ringo.

To £ind out 1f shikimic acid directly takos part
in the pigmont formation or it takes place throush
eroniatic nmino acido, This study is to be carried

4

out by feoding 1 e' phonyl alanine end tyrooino,

The roles of movalonic acid and malonis acid in

the formation of pigment,using 14{: tracer atudioo,

,

The otructuro of pigmomt shows sovoral mothyl
groups in Beposition. Tho origin of mothyl groupc
havo beon through mothionine in othor pigments,
Uhat role doos methipnine play in making the
pigment in Blopharisma 1o to be inventigatod, Thio
can be dono uping labellod mothionino,
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SUMMARY

The study done on the biosynthesis of the red pigment

of Blepharisme intermedium (indian species) can be summarised

as:

(1)
(11)

(111)

(iv)

The pigment is continucusly produced by thc animal,
The pigment is not formed during the protein
syﬁthoais.

The pigment ic a metadbolic product, and it is
formed as an off shoot from the carbohydrate |
metaboliom, through secondary reactiona,

The animal makes use of acetate units and the
shikimic acid for synthesis of ite pigment.
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ILTRODUCTION

Tho pink o rofd pignont of Blophoricoa fo photodynonie
in noturc and 1¢0 proconco in tho aninnl appoarn to Do o
1icbility rothor on agpot { Glooo, 1972 ) and yot oll $ho
voariotioo of Blophoricma oro pignontod. Thic prosont otudy.
togothor vith othor oboorvations, ocuch oo, that tho albinoo
havo not doch roportof in naturo oxcopt ono £rem Japan
(Xaabe 9t 0l , 1958), tho laboratory cutanto Susm pink aftor
oouplo of montho {Giocco unpublishodj Ropak, 1968) and tho
dooply picmontod forms arc biggor and poro vigorouo thon
thoir albines cungoot that tho pigmontod andmalso cuot hovo

pomo ooloctive advontoso over thoir albinop.

Howovor, 4t mmot bo nontiopod that tho pigmont 4o lothal
to tho oninal only tn tho otrong light ond oxygon. In ito
natural habitat tho Blopharicman livo only in tho din isght
ond vhon tho oun 14ght doconos dright, thoy are found doop
in tho pond or buricd &n tho dodbrin, The prooont cpooico
of D, intorrodiun 4o found in poolo throughout thoe country
during the ooncen botwoon the moncoon and tho drying out of
the ponds (Sochachar unpublichod).

Tho normal funotiono of an intogumontod soochromes axo
protootion agoingt tho radiantions (Davic ot pl 1963,
Pullmon, 1972), mochaniocnl protoction, chomicnl dofonoce ond
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thermal rogulation,

It was thought that sinco the Blephasismac dischargo
pigment granules undor stress it might possible be a
protective action against predators, since the pigment in
high concentration is toxic to many kind of cello(Gicseo,1949).
Hovevor, the Blephariomap grown 4n mixed cultures in 4im
1ight vith other ciliates « such as Colpidum, Paramocium,
Stentor, Didinium and Actinosphacrium do not dischargo
pigment when they collide with their neighbours. On the
other hand, Actinosphaerium and small crustaceans roadily
oat the Blepharismas, thereofore, the pigment doos not seem ‘

to protect the Blephariama against its predators.

Giosov(1965) hes chovn that tho pigmentocd Blepharisma
intermodium are more rosistant to far uv radiation damage
than their albinos. Ho has also shown that the rogenoras=
tion of pigmonted B, Jjaponicum oxposed to far uv is
rotarded less than the albino mutant. These findingo 1ﬁdicato
that the pigment is acting as a seérecn and prevents tho animal
from the damaging effoct of far uv radiations, but at the
same time tho intorosting observation mado by Giese (1967)
that unlike othor protosoans which possese about 95 7 of
photo-ravafsal enzyﬁe syatem, the pigmanted as well as the
albinos have only abéut 30 4. This means that the animal hao
besides the photo-reversal enzyme system, some other agoicy

to repair tho damago of far uv radiations.
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The role of tho pigment in acting as a supplementary agoney
to tho photo-reversal ensyme systom to ropailr the far uv

damego wap studiod in the present invostigation.

Blopharisma japonicum and B. intormodium arc the two
dooply pigmentod apécien of tho gonus Blepharioma. Fhoso
tvo arc tho largost specios knovm having oico 450-500 and
2002350 am roopoctivoly (Giesc, 1973). The role of the
pigment in governing the oizc of B. intormodium (indian specico)

vas undorto«kon,

fhe grouth of bnectories (Buchbindor ot al, 19413 Kurup
and Brodio, 1966; Jaggor ot al, 1964; Buchard and Duorkin,
1966; Kashket and Brodie, 1962; Hollaondor, 1943); fLunsi
(Brandt, 1964; Epel and Krauss, 1966); protoson (Epol gnd
Krauso, 1966); é_l_ggg (Bpol and Krauss, 19663 Kowallik,1965);
highor plants (Kloin and Edsall, 1967; Kloin ot gl, 19653
liohr, 1961) and animal tissuon (olls and Glose, 1950%
Santomaris and Prino, 1964; Rounds and Olson, 1967) iso
delayod or inhibited under the influonce of near ultra=-
voilet and vigiblo light. ©The dolay in grouth is duo to
damago of oxidativo roogpiratory oystem of tho mitochodria.
The near uv dolaysc growth becouse it damageo the quinonen
of the roopiratory chain andi consequently offecto tho
phosphorylation and production of cnorgy (Almquist, 1937;
Euing ot al, 1943; Brodic and Ballantino, 1960; Kaohkot
and Brodic, 1962; Mujita ot al, 1966; Vorbin g_t_Q. 1974).



The visible light delays the growth mainly due to the
damage of cytochrome oxidase system (Epel and Butler, 1969;
1970; Ninnemann et al, 1970). |

Since the Blepharisma pigmoﬂf is a quinone (vide
Chapter I; Mgller, 1962; Sevanent, 1965), it was thiought
that may be it ias prottctiﬁg the quinone system of the
mitochondria by taking the rap of the radiation itself, and
acting as a yredox agent. So far oﬁly the ubiquinones,
naphthoquinone, kitamin K group, and plasto=quinones have
been shown in vivo to be the potential redox agcnti‘involved
in the coupling with phorphosylafion'(lorton. 19653
Brodie, 1963 Mitchell end Merrisn, 1965; Ito gt al, 1970;
Jagger, 1967; Werbin et al, 1974). Though the anthraquinones
have not been studied but its nitrogen, sulphur and oxygen
analogues such as acridines (Phenazines), phenthiasines
(methylene dlue) and phohoxazinn have been shown to be
potential redoz agents in the laboratory (Sexton, 1963). .
The naphthaquinones and anthraquinones have been shown to
protect the flavin system, while the phenanthraquinones
catalyze the cyclic redox process in Ehrlich as-cite cells
(Mitchell and Marrian, 1965; Schmidt & Bukler, 1976).

The present study has been undertaken to enrich further
our idoas of the photoprotection function of the pigment

vigeg=vis growth., The filters were so chosen that they



transmitted only the wave lengths which were abqorbed by

the pigment. The specific wave length far uv filter was

not available, therefore, radiations ooﬁrﬁ.ng whole of far
uv were used. Equal number of pigmented and laboratory made
albino Blepherismas were simultansously irradiated undexr
1dentical conditions and the protein synthosis in both type

of the animals wes measured.
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HATERTIALS AND METHODS

HATERIALS

Blepharisma intormedium wild type and tho albino
Blopharisma intormodium were the matorials used. Thoe albino
animals were obtainod from the red animsls by the method

alrondy described.

HETHODS

The rolo playod by the pigment in protein synthosis
viga vic growth was studied, Tho albinos ag well ag red
Blepheriomag wore irradiatod with light of specific wave
longths simultaneously. Tho wave-longths were so chosen,
that they corrcoponded approximately to the wave-lengths
abgorbed by the pigment i.e. 225, 340, 420, 540, 580 nn
(Tables 1.1 & 2.2). As the filter for 225 nms vas not availablo
the UV light from 30V Philips (Cat. No. 57413 P=40 K8) tubo
fittod in tho UV chamber vap used, for other wavo-lengtho
the Russian filter mumbors y § C 8, C 309, }'3C9 and 20 woro
used for wave-longths 350, 490, 520 and above 560 rospectivoly.
The source of light for thesc exporiments was high prossuro
mercury lamp of 1257 (Philips HPL 125 cataloguo No. 57236F).
Tho buldb wao fitted in a wooden box fitted both with choko

and starter and having 3" diameter oponing for holding the



filtor.

Tho gencrel proccduro in all these oxporiments was

ao followe:

Soparatoely oqual numbor of reod and albino animals in
20 ml of frochly propared culturod modium cantainiﬂg 50 ag/ml
of stroptomyein woro takon in two S0 ml corning boakors,
Thoy wvore irradiatod gsimultancously in dark with constant
stirring with tho magontic otirrors. After irradiation
the animals wore alloved to recovor f£or half an hour at
room tomporature. Culturs medium in vhich the animalo
veroe 1rrndiatea vag changed with the frosh ono. In difforent
tubes equal number of reod and albino animals wero takon.
They vero lsbellod with '°¢ Loucino (DARC, Bombay)opecific
activity 120 mci/m molo in tho last one hour, that ias, .
laboliing twao dono after 1, 2 and 5 hours of irradiation.
Tho rxeaction was stoppod b7 keeping the tubss at 0°¢ ond
tho proteins procipated aftor homogenisation in cold by 10
TCA. Tho procipatatc was filtorod in miliporo filtor wachod
34 times with covld 5} TCA. Tho final washing wag dono with
a cold mixturo of alcohol other (311). The filtoro woro
dricd and thea countod in liquid seintillation countor in
a8 toluonc basod liquid sointillation fluid, containing
4g/litre FPO and 50 mg/litro POPOP,



126

EXPERIMENTAL RESVIAS

Tho oano/oqual numbor of pigmontod and aldbino
Blopharismac woro irradiated simultancously in the daz;k.
They were ezpaaéd to tho ultra-violot radiationn from o
30 vatt uv light for 5 and 7 minutes; and with radiation
of 350, 480, 520 and above 560 nm uging filtors. Tho protoin
gynthesis in tho albinoo and tho pigmontod vas measurod
aftor 2,3 and 6 hours of irradiation. The reculto arc

ghowm in tabloc 3.1 and 3.2 and Pigo. 3.1 to 3.5.

Effoct of ultra-violot lisht ¢

(1) Se-minutoo radiation effoot

Tho pigmented and the albino animals immodiatoly
aftor irradiation shovwod marked difforonce in
their mobility. Hany aibima formod olustoro, and
tho onoo vhich voroe swimming, wore doing co slovly
ap comparod to tho pigmented onos, all of vhich woro
swimming ond appoarcd normal. Aftor twvontyefours
of irrsdiations all the animals (pigmontod and
albinoo) vore alive but the albinos lookod omall,

leso vigorouo and mobile than the pigmontod onon.

Ao is ovidont from tho recults (Table 3.1 and
Fig. 3.90) that the protoin synthesio in the

pignented animale wee concidorably more (moro than



Tabls 3.1

Bffect ef uv 1ight en the protein syathesis
in the pigweated and albine Blepharismas

Distance of Ne. of Irradiatien  14¢ Leucine Protein synthesis ,
S.Noe uv tude frem animale/ given in in nei/ml ' ' , -
the sawple nl ainuten 3,‘" : 3 brs ¢ hrs
(i cwm) A P A p A
i
1. 3 1,500 ’ .5 Ov.l 1,740 ‘ 1,332 3,709 1,489 35,885 li. 327
2. 1,300 v 4 0.5 408 28} 550 31s 80s 33¢

# = Pigment animals

A = Albing dnimels

Lk
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2:0 30 40 5.0 &0 -
TIME , Hours

FIG.3.1a.EFFECT OF 5 MINUTES UV LIGHT ON PROTEIN SYNTHESIS

?ig. 3.1(a)

-~

Effect of Seminutes radiation of
ultra=violet light on the protein .,
synthesis in equal number of albino
and pigmented Blepharimas. The
inorease in protein synthesis in the
pigmented snimals is evident and
besides the pigmented animals seem
to recover faster from the uv offect
as ig evident from the 50 ‘/vand above
enhancement in the protein synthosis
after 3 and 6 hours.



(11)

30 4) than in the slbinoo. Another notable foaturo
is the quick recovory from the uv damage of the
plgmented animsls. This is indicotod by the
incroased protoin syntheois (60-70 /) in the
animals aftor 3 and 6 hours (fable 3.1) over thoir
albino counterparts.

T-ninutes radiations offoet :

Iiko tho Seninutoo the immodiate offoct of uv
radiations was on the mobility of the pigmontod apa
albino Blopharicma. IMost of the albinos formed
clustorod vheroas tho pigmentod looxod sluggich
and moved slovly. Aftor twenty-four all the
albinos barring a fov worce found doad, vhile tho

pigontod ones vero slivo and normsal.

%ho protoin gynthosio is much more (about 50 %)
in the pigmontod ones than in the albinoa. The
rooulto of protoin synthesis aftor Te-minutoo troatmont
rovonl thatt proteins aynthooio is seriounly impaired
in entmalso. Thio obsorvation is basced upon tho
obso‘rvatton of much loso protoin pgynthesis in the
Teminutos troated animals as comparcd to the

Seminutes troatod onoo.
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TIME , Hours

FiG-3.0b. EFFECT OF 7 MINUTES UV LIGHT ON PROTEIN SYNTHESIS

'?180 3.1 (b)

Effect of Te-minutes uv radiation
on the protein synthesis in equal
numbexr of albino and pigmented
Blepharisman.

S
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foct of noar uy {7 nm)and visiblo lisght (480, 520

and >560 nm)

The absorption pooks (Teblot2.2 and Fig. 2.1) of
tho pigmont aro at 340, 490, 540 and 580~‘h. noy Tho filtorn
corropponding to these or nearly the cemo vave longths wore
celectod and the oqual number of albinoo and pigmented worc
irradiated for 30 minutes and the protoin synthesioc wes
meagurod aftor 2,3 and 6 hours of irradiations. The resuliso
oro givon in table. 3.2 and Pigs. 3.2 to 3.5.

(a) BEffect noar uv (350 nm) light @

The immedlato effeot after irradiation vith
350 nm on the animals were on their mobility., Tho
albinos moved slowly and a fov bocome rounded
vhorcas the pigmented ones looked normal and wero
suimming liko thoir usual way. HNHext day, that is,
tuonty=four after irradiation the albinos though
all alivo looked smaller and less mobilo and
vigorous than the pigmonted animals. Tho protoin
oynthosis in tho pigmontod animals (Table 3.2 top
linc, Pig. 3.2) wac about 50 / more as comparod to i™

the albinos.
(b) BEffoct of visible ligzht (480, 520 and > 560 nn)

In all thono cacoo zlgso the effoct of radiations

wvas folt on the mobility of the albino Blepharisma,



Table 3.2

Effect ef near uv and visible 1Sght en the protein
synthesis in the picmntsd and albine Blepharismas

: Filter Velume Tine Intensity 14¢ Leuctime Protein synthesis after
Filter used fer Ne. of in which giwen a¥ irra= _uci/ml irradiations cows
Ne. wave = animals/ animal fer diation '
length al taken irradiation (lux) 2 hrs S Lrs ¢ hrs
(aw) - P A ? AP A
l, YgCs 350 1,800 2m 30 muin, 20 0.5 1,444 6735 7438 3820 4288 2107
2, C.3 C=9 480 1,500 2 =l 30 min. 410 0.8 5,710 1263 1404 872 121 9032
3. J3I00 520 4,000 2 m 30 =in, 4,000 1.0 47,282 30114 45308 20106 10948 13240
4o *.c—ao >580 1,500 2 ml 30 min, 4,200 UeS 213 820 820 718 T4 700

ser
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These animals showed decreased mobility and this
observed effect decreased from 480 to 520 end 560
nm, 7The albinos in none of these cases formed
clusters and were alive after twenty-four. The
only noticeable change next day wae in the sise,
mobility and the vigour of the aibino animels,
These animals except in the case of ) 560 nm treated
albinos looked smaller, less mobile and vigorous

than their counterpart red Blepharismas.

The conolusion which can be drawn from all
the above studies is that the pigment protects the
animal from the radiations. The protection is
most pronounced against the far uv radiation,
followed by the near uv,480 and 520 nm and finally
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FIG.3.2. EFFECT OF 350 nm LIGHT ON PROTEIN SYNTHESIS
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Fig. 3.2 Effect of 350 nm (near uv) on the protein
synthesis in equal number of albino and
pigmented animals, The protein synthesis
is about 50+/ less in the albinos than in
the pigmented animals,
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- ]
Effect of 480 mm light on the protein

Pig. 3.3

synthesis 1in equal number of albino
end pigmented Blepharismas. The
protein synthesis is more in the
pigmented animals than in the albinos.
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Pig. 3.4 Effect of 520 nm on the protein
synthesis in equal number of
albino and piamented animals,
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DISCUSSION

. Tho tolloﬁing goneralizod observations can bo
mado troﬁ tho eoxporimonto conducted on pigmonted and
phonotypie albino Blepharinimae using ultrao=-voilot and
visiblovlight.

{1) Tho protoin gynthosis is alvays more in
\

pigmontod animalso ac compared to in tho
aldbino animals.,

(44) Tho pigmontod animale alwayn locked biggor,

hoalthier more mobile than the albinog,

Those obsorvationo indicate that tho pigmonted
Blepherismao havo a natural advantesge over thoip albinon

in torms of‘vigour. mobility and opige.

To approciato the role played.by the pigment in
Blephariema, it is worth vhilo to teke into account tho
findings harvosted out of oimilar photo-ocxporiments 1h
the caso of other orgenisms,

(1) Far ultra-voilet light (200300 nm)

The far uv radiations in 250-280 nm arc mainly
abporbed by tho nucleus and to a much lesser oxtont by the
cytoplasmic proteinc. The nuclear absorption of theso
radiationo donaegreu the ﬁHA. The denaturation is duo to

the formation of pyrimidino dimers. The dimorisation provento
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or effocto thoe DA roplication vhich oventually docroapon
tho protein oyathosis. Tho dimorication rcaction io
rovorsiblo. (Boukers ot nl, 1959; John ot al, 19623
Sotlow, 1961; Sotlov and Cerrier, 19663 Sotlow ot gl,
1965; Tuiff, 1963). Tho dockward renetion thet 4o
nonemorigntion pf pyrimidinoe dimorc can bo donc oithor

by tho photoe-rvactivativo ongyme (prosont inm all tho cello
along with DUA) or by irrodicting tho affoctod coll by
far uv radiations of 239 nm (Sotlov and Setlow, 1967).

Tho roaction can bo roprogontod aos

280 nm
239 an

2 Pyrinidino Pyrimidine dinop

It hoc dboen found out tho damngo dono by 280 nn of tho
fay uv rodiction 1o aloo roversed by cortein dyos (Sotlov
and Carrior, 1967). The cnoray absorbod by the dyoo is
papscd on to tho DIA by onorgy trunsfor mochaniocmn and
thio energy ic ucod in monoemorioing the dimers (Suthorland
and Suthorland, 1969). %hic monng that tho dyeo aro ecting
in o paonor cimilar o tho 239 nn radiations,

(2) Noes uv light (300-400 nm) and vioidlo light o

fho irradintion of living oyctoms wvith noor uv
1ight and visidle light dolay tho growth in bdbactorin,,
(Jaggor ot al, 1964), protosoa (Epel & Krouso, 1966),
algoo {Rownllik, 1965), highor plants (Kloin cnd Bdonlld,
19673 Uohr, 1961) and animal (Hola) colls (K¥bin and Edoall,
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1967). The delay in the growth ig due to the adverse
effacte of the neer ultre-dolet and visible light on the
oxidetive respiratory system going on in the mitochindrie

of o cell,

The normal pathway of the oxidative respiratory system

in a celil lase
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Ao can be ooon from the above dlagram that tho
roopiratory oxidative syotom is mado from two intormingled
and intorrelated syatoma;' ono thoe olectron rospiratory chain
syoton and the, othor oxidative phoophorylation systonm,

In the eléotron fespiratory chain gystom tho elootrons arc
transportod from NADH '(aomotimes from puceinato and malate)
to oxygon through flavo-proteins, -uinonos {naphtho-quinonos,
vitemin K group, bonsoquinones ctc.), snd cytochromos.

In the oxidativo phosphorylation the ATP is formoed from

ADP at throe difforont cites as choun. Both the systoms |
arc important for the grouth but Brodic and Ballantine(1960)
and Lakcheura(1969) have provod from their oxporimonts that
'oxi.antivo phosphorylation is moro important then the elcctron
rospiratary chain, It is guite understandable bocausc ATP
is tho primary oources of chomical energy for all the

aorobic organio-ma,

Tho ozporimento (Almquist 1937; Buving et al, 1943;
Boyor, 1959; Brodic and Ballantino; 19603 Xoohkot and
Brodic, 19625 Pujita ot al, 19663 Uorbin gt al, 19743
Creed o% al, 1971; Jaggor, 19723 Harques and Brodio,1970)
vith differont pystemno havo eptabliched that the quinones
are tho main targets of near uv radiations (300+380 nmo).
The exporimonts phowed that the damag; in the quinones )
affocts tho oxidative phoophorylation more than the oloctron

rospiratory chain. Thiso results 4n less production of



143

ATP and consoguontly growth is dolayed. The flaveoprotoins
end cytochromes arb‘also offoctod by the near uv but thoir
gonsitivity ioc much less ac compared to the quinones.

Summing up the offoct of noar uv on oxidative rospiratory
systom tho sonsitivity of difforont compononts of

respiratory chain is Haphthoquinone)Bonsquinone)Plavoprotoin)

Cytochromes,

The delay in growth in different living systems whon
irrediastod with visible light has becn shovn to be mainly
due to the demage in the oytochrome oxidaco syotom and to
gomo extont in tho flavoprotoin (Epoland Krauos, 19663
Epol and Butlor, 1969; Hinnomann ot al, 1970). 1In
contrast to the near ulira-violet light the respiratory

chain ig affootod more than the production of ATP.

Prom the forogoing discussions it can bo stated that
thoe protein synthopis or the dolay in grovth 4o thore in
the living systems studiod so far, and citosc danngod by

these radiations is differont as ic showm in the table 3.3.



Table 3.3

DA Sy .

The site and danmage of far, asay and
visible light en & cel}

8. ERffective Eite of Damage of
Ros wave length  damase radiations Tesult
' {nm)

1. 250280 mﬁo a smnll extent Formation of Priwidine Decrensed proteia
cytoplasmic preteins dimeyrs eynthesis

3. 300-380 Quinches of exidative Dawmage mainly in Decrease preductien
respiratery system exidative phospharyla~ of ATP

tisnt systen
3. 400=890 Cytochrome oxidase of = Damage mainly in Decrease in

exidative respiratory electron respiratery

systen chain and to lessey
extant in exidative
phosphorylatien systewn

respirstion and
preduction of ATP

15
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In the light of the above metabolic frame, the role of

the pigment can now be discussed:
I. Reaction of animals to uv light :

The results of experiments of the protein synthesis
of 5 and 7 minutes irradiated pigmented and phenotypic
albino Blephxrismas show (Table 3.13 Fig. 3.1a and b) that
the protein synthesis is ruch more (epproximately 35.57)
in the pigmented animals than in the albinos. DBesides thi;
it was observed that most of th§ albinos clumped together
vhen irradiated for 7 minutes and they were found dead the
noxt day (about 24 hours after the irradiation). The clumping
of aldinos was observed with 5 minutes ulira-violet treatment
2lso but the animals 444 not die. The pigmented animenls
always remained mobile and normsl, through immediately

after irradiation they looked slugish.

These findings indicate that the pigment protects the
DNA and the cytoplasmic proteins of animels from the
damaging far uv radiations, as a result the protein

synthesis and the ciliary, movements go on uninterupted.

The pigment of Blepharisma being a strong far uv absorber
(Table 1.2 and Pig. 1.1) may be acting like a soreen or it
is also possible that the pigment is mediating as a dye,

specially when the photoereversal system in pigmented and
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aldbino Blepharisma is only about 30 ‘/\ (Giese, 1967) and

the energy absorbed by the dye (pigment) is being -
transferred and is used for monomerising DNA dimers.

It will be really interesting to experiment in vitro to

find out if Blepharismin is capable of acting as energy

transferring dye like proflevin and acridine dyes, which

have been known to monomerise the pyrimidine dimera.

It seems then that the pigmented Blepharismas are better
suited for life than the albinos. The resistant nature
of the pigmented Blepharisma in far uv light has also been
noticed by Giese (1965).

II. Reaction of albinos to near uv and visible light :
(a) Near uv light :

The results of protein synthesis of pigmented
and their aldbino Blepharismas after they wers
irradiated for 30 minutes by 350 nm, indiocate
that the protein synthesis is much more (50 %)
in the pigmented Blepharismas when compared to
in their albinos. The ciliary movements were

also more in the pigmented.

These results indicate that the pigment seems
to protect the oxidative respiratory system of
the animal, by absorbing the radiations (300-380)
which, otherwise would have damaged the

mitochondrial system. The pigment is a quinone
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(Chaptor I of the thosis) vith maximum
abgorption at 340 nm and it is vory likoly
that ites behaviour io on the lines of othor
quinonos (naphthaquinones, monaquinones,
ubiquinonos etc.) vhich as mentioned ebovo
arc knovn to offoct the onidative phoophorylae-
tion and AZP production. Such & roasotion must
bo taking plecc is ovidont from _tho fact that
the rod colour of the pigment bocomos blue in

the prosence of noar uv lizht (Giesc unpudblishoed).
{b) Vieiblo lipght 3

The rosultc of protoin synthesis oxperiments
conductod on pigmonted and their albinos aftor
they wore irradiato for 30 minutco with 480,
520 and abovo 560 am visible light, indicato
once again that the protoin pgynthesis 1s more
in the pigmontod animale than in tho albinos,
The voililary movonmonts woro also offocted though
mach losg compared t$o uv light. The ciliary
novononts wore more affocted at 480 nm than at
520 and 560. Tho protoin synthosioc in albinos at
560 nm aftor 6 hours was also practically ocemo
ao in tho pigmontod.
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Thoso reoults again point  out that the pignont by
aboorbing the radiationo (Pig. 2.1; Tablo 2.2) provont tho
damago to the oxidativo roopiratory syotom, sopocially to
tho cloctron roopiratory chain, ac a rocult the protoin

gynthesig and the ciliary movoments aro not affoctod,

Summing ﬁp tho abovo observations it can now be stated
.that pigmﬁnt protocto thoe snimals against ultrasviolot light
as woll from the viopible light. Sinco tho pigment can
protect the animnl from tho radiation vhich arc known to
have advorno offoct on grouth, obviously then the aninals
bocono bottor cuited ond adopted to their environmonto,
Enhancod sonsitivity of phonotypic and gonotypic albinoso of
tuo opocicn of Blephariomas (name not given) aso compred to
pignontod animals has. boon obaorved by eioﬁo (unpudblishod).
Thue tho naturo by providing tho pigmoent hae givon soloctivo

advantago to tho animnls.



149

SUIIARY

The results of oxporimeonto of protoin mynthooio

conductod oimultahaoualy on oqual numbor of pigmonted and

labdoratory madc albinos Blopheriomas with diftero,nt filtoro

end uv 1ight ghow the following foatureo i

te

2.

3.

4.

Se

6.

Tho mobility immediatoly aftor irradistions in tho

albinos woo alweyo loos than in tho pigmonted onoo,

The pigmonted animalg aftor tuwonty-four of irradice
tions alwvays lookod normal, hoslthier and vigorous
thon £ho albinog,

The protoin synthonic wvas invariably moro in tho
pignontod enimalo then in the albinoo. The protoin
cynthoois in the albinos at lovwor wave longths vis,
uv 350, and to come oxont ot 480 nm vac moro

coriounly offocted than at 520 and above 560 nm,

Tho pignont is protecting tho animals from ultrpe
violot, and visible light and that tho moot effcotive
vioibloe rogion io 480 nm,

Tho rocovory from the ultra«violet light damago in
tho pignontod animalo 1o quicker than in tho albinoes.

Tho pigment in Blopharisma coemo to bo a nature's
blooping and sooms to bo reoponsiblc to some oxtont
in giving vigorousity, ciso and mobility ovor ito
albino countorparta,
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