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1. Introduction 

Although the essential requirement of vitamins, like biotin. riboflavin. etc.. for embryonic 
development in the chicken has been known for a long time, the mode of their protein-mediated 
deposition in the egg was demonstrated only recently by the discovery o i  specific high-affinity 
vitamin b~ndinglcarrier prote~ns' .~ One such protein discovered was the chlcken egg yolk biotin- 
binding protein (BBP) which was reported to be involved for the yolk deposition of botlnZ 
However, a counterpart of th~s  protem with comparabie physicochem~cal characteristics present 
in the egg white has not been investigated so far Therefore, the present study was aimed at the 
isolation and molecular characterisation of a BBP in the chicken egg whlte, followed by the 
extension of sinillar studies to the rodent model (rat) as well, since there has been no information 
so far regarding the mode of biotin transport during rnarnrnzlian embryonic development. 
Furthermore, studies were also conducted on riboflavin-carrier protein (RCP) of the bonnet 
monkey in order to understand the mecha6ism of transport of yet another vitamin viz., riboflavin. 
during primate reproduction. 

2. Experimental procedure 

Preparation of the chicken egg white and the serum from pregnantlestrogenised rats was made 
as described by Murty3 F;om these samples their respective BBP was isolated to homogeneity 
by employing biotin affinity chrornatography3. The physicochemical and irninunological character- 
lsations of the proteins were performed according to the standardised procedures3. Western blot 
analysis was performed according to the procedure of Towbin et aI4. Two-dimensional tryptic 
peptide map analysis and in vitro translation of poly (A)+- RNA were carried out by following the 
standardised procedures of this laboratory5. Radioimmunoassay (RIA) for proteins and steroid 
hormones were performed as described by ~ u r t y ~ .  Assay of glutathione reductase activity of rhe 
monkey erythrocyte hemolysate was according to the procedure of Barnji6. 

3 Main results and conclus~ons 1 

Attempts were initially made by immunological and biochemical methods, to explore the 
POSslbility of a BBP distinct from avidin in the chicken egg white Ouchterlony ~mrnunodouble 
diffusion and the Western blot techniques revealed that the oviduct cytosols of the estrogenised 
chicksilaying hens and the crude protein fraction of the egg white contamed BBP that exhibited 



extensive immunological cross-reactivity with the purilicd yolk BBP4 ihls protein of the egg 
white displayed specif~c ['"Cib~otin bindlng actlvity and when saturated with the unlabe)led ' 
biotin the oroteln showed thermallv induced blotin exchanqe reaction with I1"Cl-biot~n at 55T - -  . , 
Analysis of ,n vrro biosynthesised I'4C1-labelled egg white proteins in the oviduct tissue explants 
from estrogenised chicks revealed that ca. 2% of the total labelled proteins could be specif~cally 
immunoprecipitated with anti-yolk BBP antibodies. These inteiesting findings led to the isolat~on 
of BBP of Mr  67,000 In an homogeneous form from the chicken egg white by employing 
DEAE-cellulose chromatography followed by b ~ o t ~ n  afiinlty chiomatogrophy Several physicoche. 
mical and immunological characteristics were very closely similar to that of the yolk BBP and not 
of avidin. In vitro translai~on and immunoSlot experiments indicaied that both the liver and 
oviduct synthesise BBPs of molecular sue corresponding to the native proteln Furthermore it 
appears that the yolk BBP gets depos~ted in the form of four   den tical subunits whde the white 
BBP remains unaltered in the egg white. 

Prelim~nary immunological and biochemical studies performed In the rodent rnodel led to the 
discovery of BBP In the sera of pregnant or estrogen-treated rats This rat BBP of Mr 66.000 could 
be isolated to apparent homogeneity by employing biolin-AH Sepharose column. The isolated 
protein specif~caily bound ['"CI-biotin, exhibited partial imrnunologicai homology with the yolk 
BBP and had a pl of ca 4 1. A heteroiogous RIA was developed for this protein by using yolk BBP 
antibodies By this method. rat BBP showed remarkable ~mmunological cross-reactivity wlth rat 
serum albumin (RSA), although other gross immunochem~cal methods failed to show :his 
cross-reactivity. However, pl values and tryptic peptide maps o i  these two proteins were 
different indicating distinct differences in physicochemical properties. Furthermore. it has been 
demonstrated that unlike RSA, rat BBP was required for the maintenance of pregnancy, 
presumably to transport biotin to the developing embryo. since active irnmunlsation against yolk 
BBP of fertile female rats resulted in repeated termination of pregnancy owing to irnrnuno. 
neutralisatlon of the endogenously circulating maternal BBP 

The above mentioned observations in the rodent model led to the studies on the establishment 
of functional significance of vitamin-carrier protein. in particular RCP during pregnancy In 
primates For this purpose, five female bonnet monkeys of proven feitility were actlveh 
immunised against chicken RCP. All the irnmunised an~mals elicited good titers of antwhicker 
RCP ant~bodies and certain fraction of these were able to significantly recogme lZ51-monkey 
RCP. The immunlsation per se dld not have any effect on the reproductive cyclicity as m0nitOreo 
by steroid hormonal profiles, as well as the riboflavin status as assessed by erythrocyte 
glutathione reductase activity. Subsequently, pregnancies of these animals were monitored bV 
estimating, by RIA the levels of progesterone and monkey chorlonic gonadotropin. Results 
obtained over a perlod of 2; years indicated that there was immunosuppression of pregnancy in 
at least four out of five anlmals at varlous times of gestation between days 12 and 61 after 
conception. This effect appeared to depend on circulating antibody titers since animals which 
escaped pregnancy termination concordantly showed low titers of anti-cRCP antibodies. All the 
animals towards the end of the study period carr~ed their pregnancy to term and delivered either 
still born or live babies, presumably due to acquisition of Immune tolerance over a period of time 
upon repeated boosters of the imrnunogen. These studies clearly demonstrated that the RCP 1s 
vitally required to supply rlboflav~n to the embryo during pregnancy in the primate and this 
protein-mediated vitamin delivery mechan~sm seems to be operative in the rodents as well as 
primates. 
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1. Introduction 

Understanding the biochemistry and functional basis of the nervous system. in particular the 
brain, is one of the most challenging aspects of biological research. It is now recognized that the 
transformation ot the embryonic nervous system inlo the mature adult brain is an extremely 
cornplex process where rnorpholog~cal, physiological and biochemical changes occur in an 
integrated manner' Synaptogenesis, synaptic transmission and rnyelrnation are among the most 
Inlportant events of the specific differentiated funct!ons of the nervous system The myelin 
sheath is a mod~l ied and a highly specialized extension of the Oligodendrocyte plasma 
membrane. It functions as an insulator and facilitates saltatory conduction. In spite of the many 
investigations carried out earlier, the phenomenon of oligodendrocyte-axon recognition. the 
synthes~s and assembly of various rnyelin components, the mechanisms of elaboration of the 
gllal celi membrane sheath are still not clear. Studies on the synthes~s and regulation Of the 
myelin-specific components would be helpful in elucidating the molecular mechanisms of 
myellnogenesis During the past few decades, abundant information has been obtained on the 
composition and characteristics of the major myeln components v iz ,  its lipids and proteins. The 
Pathways of Ihpd biosynthesls and the modulation of the enzymes involved have been elucidated 
In normal and myelin-deficient mutants. Myelin proteins have been characterized b~ocl~emically 
and immunologically2 However, the biosynthesls and modulalior1 of the synthet~c machinery of 
the myel!n proteins and the possible synchrony between the myelin lipid and protein biosynthesis 
are largely unexplored Many post-translauonal modifications of myelin proteins have been 
discovered and characterized but their role in the modulat~on of myelin function is not known Thls 
investigation envisages studies on myelin protein b~osynthesis and one of the post-translational 
modifications viz.. phosphorylation. 



2. Experimental 

Rats were chosen as the experimental animals slnce myellnatiOn is a postnatal event in this 
species. Three myelin-specific proteins vrz, basic protein (BP). proteolipid protein (PLP) and 
Wolfgram protein (WP) were purified to homogeneity3 and antlsera specific to these proteins 
were raised In rabbits. Several m vitro protein synthesizing systems were tested and compared 
for their efficiency in syntheslz~ng the myelin-specific proteins using specific antisera for 
immunoprecipitation. i s e  of polysomes as the source of mRNA4 %id reticulocyte lysate5 as the 
source of protein synthesis gave the best results In the studies on post-translational 
modifications, phosphorylation of basic myelin protein and Wolfgram protein was studied using 
endogenous kinases as enzyme sources and r p 3 2 - ~ ~ ~  

3. Results and discussion 

The developmental profile for BP synthesis was compared in two systems VZ, a homologous 
polysome system and a reticulocyte lysate system where bram polysomes were used as the 
source of mHNA without further deproteinization. In both systems, a comparable proflle of BP 
synthesis was obtaired. It was shown that the brain acquires the capacity to synthesize BP 
before the fifth postnatai day. Maximal rates of synthesis were observed durmg the period of 
active myelination. Thls profile agrees well with the observations of Carson et al%nd Zeller el a17 
on BP synthesis in the developing mouse brain 

WP synthesis In vrfro was shown for the first time, The deveiopmental profiles for WP and PLP 
synthesis showed thatthese two proteins are also synthesized before the fifth postnatal day The 
synthesis of the three proteins BP. PLP and WP proceeds at different rates which is not 
commensurate with their quantity in myelln Synthesis of WP reached ~ t s  maximum levels first 
and this observation supports the hypothes~s of Roussel et als that WP may bea prerequisite for 
myelination. 

The in vrfro phosphorylation of BP by protein kinases endogenous to myel~n was characterized. 
The effect of age on BP phosphorylation was tested. It was shown that the BP phosphorylatlng 
capacity is Present in purif~ed myelin throughout development. In an attempt to explain the 
existence of 2'. 3'-cyclic nucleotide 3'-phosphohydrolase, a myelin marker enzyme, the effect 
of 2'. 3'-cAMP (the in vrtro substrate) 2nd 2'-AMP (the product) of this enzyme on BP 
~hos~horylation was tested. 2'. 3'-CAMP but not 2'-AMP stimulated the BP phosphorylation 
significantly. This effect was observed in myelinating and adult animals and was absent in aging 
animals. Polyamines, spermine and spermidine did not affect BP phosphorylation by kinases 
endogenous to purified myelin. No evidence was obtained for the phospholylation of the malor 
myelin protein-PLP at any age. 

The phosphorylation of the minor myelin protein WP has been character~zed forthe f1rsttime.A 
basal kinase and a 3'. 5'-cAMPdependent protein kinase (kinase A) were identified as the 
kinases responsible for WP phosphorylation. These enzymes exhibited a difference in their 
ontogenv; while basal kinase phosphorylated WP throughout development, kinase A-mediated 
WP phosphorylation appeared only after maturation and increased with age. WP phospholylation 
PV both the k~nases was stimulated by 2'. 3'-CAMP. Polyamines, spermine and spermidine 
inhibited WPphosphowlation. The regulation by these two small molecules viz.. 2'. 3'-CAMP and 
~oh/amines was found to be age dependent. The phosphoaminoacid in WP was identified for the 
first time as phosphoserine. 
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1. Introduction 

Exposure of endotherms to heat stress triggers physiological changes to counter the adverse 
effects of elevated environmental temperature. Under these conditions the requirement for 
energy of the body decreases Since the mitochondrion is the powerhouse of the cell, changes in 
respiratory activity are to be anticipated in heat stress. Thyroxine has been implicated in the 
regulation of mitochondrial oxidative function. However, the precise mechanism of mitochondrial 
response to heat stress and the manner In which it is modulated by thyroxine are little 
understood. Experiments designed to throw light on both these aspects are presented in this 
thesis. 

2. Materials and methods 

Male albino rats (1 10-120 g) of the Wistar strain were exposed to heat stress (36-37°C) in a 
specially designed ventilated chamber for different periods of time Animals maintained at 
23-24°C served as control. Hypothyroidism was produced by thyroidectomy or by dietary 
administration of 6propyl-2-thiouracil (0.16%) Diet and water were given ad lfb. 
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T a b l e  I 
Ef fect  of hea t  e x p o s u r e  o n  
m i tochondr ia1  ox ida t i ve  ac t i v i t y  
- 
Source of Oxygen uptake i% of c o n t ~ l l  
mttochondrla 

-cytoct~rome c + cytochrome c 

Kldney 69i17 99i21 
Liver 69+  10 71 ? 5 

The rate of succnate ox~datlon oy rn~tochondrla 
lsolated from animals exposed to 36--37'C for 20 
days IS glven taklnp the correspond~ng rate of 
control sn~mals (kept at 23°C) as 100 The values 
are the rrean i SO oi  10-16 anlrnals 

Kidney and h e r  rnitochondr~a were prepared by diiferential centrlfugat~on' Oxidative 
phosphorylaton was deterinned by poiarography. The rate of generation of H202 was measbred 
by the decrease n scopolet~n fluorescence The actlvlty of cytochrome ox~dase was determined 
using ferrocytochrorne c as electron donor The cytochrome content was determ~ned by 
difference specrraZ 

3. Results and conclusions 

Both kidney and h e r  mtochondr~a showed a 20-30% decrease In the rate of actlve oxldatlon of 
succrnate on exposure of rats to heat stress In the case of kldney the decrease was correctedop 
the add~tion of cytocnrorne c. Liver m~tochondr~a did not respond to cytochrome c addition 
(Table I). 

Kidney n-itochondr~a of heat-exposed animals showed decreased rate of H202 generatlv 
when a-glycerophosp'late was used as electron donor The activity of the dehydrogenase was 
also lowered3. 

T a b l e  I1 
Effect of hea t  exposure on the content of 
cy toch ro rnes  i n  renal  a n d  hepa t i c  m i t o c h o n d r i a  
of t h e  ra t  

Source Of Cytochrome P moleslmg prote'n 
rnitochondr~a 

Control Heat-exoosed 

Kldney C 588 ?: 24 389 i 22 
82, 243 i 28 238 r44 

Llver C 227%16 173131 

aa, 2 1 3 + 1 7  116i29 

Anlrnals were exposed to heat stress for 20 days The 
cvochrorne content was determ~ned from dif-erence spectra 



in heat-exposed animals. the content of cytochrome c In kidney mitochondria decreased by 
bout 50% In liver mitochondria cytochrome oxidase content decreased significantly (Table II) 
~ h ~ s e  findings explain the differential response of oxidation by kidney and liver mitochondria to 
exogenons cytochrome c 

in order to see whether the above effects.of heat exposure are mediated by thyroxine. the 
effect of thyroidectomy and administration of the antithyroid agent propylth~ouracil. on 
m~tochondr~al oxidations was examined Both kldney and liver mitochondrial oxidations 
decreased under hypothyroid conditions But the decrease was not corrected fully by the addition 
of cytochrome c to the reaction system The content of cytochrorne cshowed a partial decrease 
in m,tochondria Other cytochromes were not affected These results reveal that the deleter~ous 
effect of heat stress on mitochondrial oxidation may not be entirely mediated by thyroxine The 
fact thal the levels of thyroxine in'circulation do not decreasc on continuous exposure to heat 
supports the above conclusion 
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1. Introduction 

The present investigation is aimed at studying the polymerization of  acrylonitrile (AN) and 
acrylamide (AM) with different initiators - lithium and sodium metals in particular by varying 
~olyrnerization conditions like temperature, solvent and concentration The elucidation of the 
initiation mechanism and correlation of X-ray crystallinity w ~ t h  NMR stereoregularity have also 
been envisaged 

2. Studies on polymerization of acrylonitrile 

Acrylonitri~e was polymerized by free radical as well as ionic initiators under varying conditions of 
temperature, solvent and concentration The various PANS obtained were characterized by a 
number of techniques like XRD, UV. IR. 'H NMR, I3C NMR spectroscopy and viscometry 

It is known' that a typical PAN gives two peaks in its XRD pattern - one intense. around 2 H 
value of 17" and the other quite diffuse around 29". It has been made possible in the present 



investigation to bring about appreciable changes in the intensity as well as in the number of peaks 
in PAN e y AIBN-ntiated PANS have been found to give additiondl XHD peaks around 22.4" 
and 12" under ambient conditions 104'/o n~tiatur. bulk polymerized1 arid at G O T  (solution 
polymerized with low monomer concentration and in vacuoi respectively The intensity of the 
pedk around 17" could be sigrl~ficantly enhdnced in lith~uiri-initiated PAN iLi PAN) obtained at 
-33°C compared to that obtained at 65°C in spite of about 25-fold increase in molecular weight 

X-ray crystailinity of various free radical-initiated PAN remained fairly constant with a 
crystdllinily index [X) of 30 40% in spite of wide variailons in polyrnerization conditions 
However, X-ray crystallinity of anionic PAN have been found to be low and could be varied over a 
relatively wider range v n .  0- 26% 

>elution-polymerized L P A N  and sodium-initiated PAN [Na-PAN) are colored and coloration in 
these PANS has been found to run parallel to d~electric constant iDECi of the polymerization 
medium UV absorption maxlmum with LI-PAN or Na-PAN has been found to undergo a blue shift 
with decrease in polymerization temperature 

IR spectrum of anionic PAN shows a shoulderlpcak at 2190 cm ', to tht? nilrile band at 
2240 cm-', which could Lie attributed to metallation' of the nitrile group 

In contrast to typlcal free radical-initiated PAN typical colored anionic PAN obtained at relatively 
higher temperature has been found to give one extra group of peaks around 2 76 in 'H NMR 
spectrum and one.oi more peaks in the region 10- 168 in 13C NMR spectrum The intensity of 
these peaks has been found to decrease with decrease in polymerization temperature LI-PAN 

to some colored structirres 

Whereas free radical-initiated PANS are known' to be predominantly heterotactic 1-50%1. 
anionic PANS have been found to hake a pronounced isotactic contribution (40% or more) from 
13C NMR stereoregularity point of view 

Mctal lr sodium has been found ?I he more effective as an initiator cornpaled to lithium 
towards bulk polymerizeuon and solution polymer17at1on o l  acrylonitrile (AN) from low dielectric 
solvents However, both lba\,e beer found lo  be equally reactive when polymerization is carried 
out from high dielectric constant solvents 

LI-PAN obtained at 65°C and Na-PANS obtained at 65". RT 1-27") and -33°C show much 
resemblances amongst themselves in respect of their UV. IR. ' H  NMR. '" NMR spectra. XRD 
pattern as well as mole~ll lar weight and color These polymer show quite resemblances to 
lyvcal anionic PAN obtairied w t l i  phenylniayiiesium bromide at 45"1RT, ri-butyllilhium at 65% In 

respect of charactcrist~cs mentioned above However. LI-PAN obtairied at -33°C resembles 
more closely the typical free radical-initiated PAN in respect of its spectral and other behaviour 
Further. both Ilthium- and sodium-~nitiated AN systems have been found to give ESR signals, 
though the magnitude of 'g' differed marginally in the two cases, they d~ffered significantl~ In 
respect of line shape as a furicton of temperature Moreover, while lithium-initiated polymeriza- 
tion of AN could be totally quenched w ~ t h  lo/" hydroquinone that with sodium initlatlon cont~nucd 
~~ninterruptedly under similar conditions It has also been found in the prcsent study that while 
both lithi~rm and sodium could polymeiize acrylamide (AM). in bulk, to poly- alanine vta 
1.4-addillon at 100"C, lithium-initiated solution polymerization of actylamide from dioxan at 19°C 
resulted, unlike sodium. in the formation of both PEAL and PAM. The formation of PAM 1s 
regarded as polymerization through 1.2-addition wa free radical mechanism 
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,ql the above stud~es strongly Point to the fact that metalllc lithium behaves as a free rad~cal 
lnltiatorat low polymerization temperature ( - 3 3 T  for AN, + 19°C for AM) w h ~ l e  it behaves cs an 
ionic initiator at higher p~ lymer lza t l~n  temperature (C65'C for AN, + 100°C for AM) Based on 
these, a tentative reaction mechanism has been postulated 

3. Studies on polymerization of acrylamide 

polyaclylamide (PAM) was obtained both by free rad~cal and ion~c initlators and character~zed by 
slrnllar techn~ques used for characterzat~on of PANS Polyacrylamide (PAM) has been found to be 
essentially an amorphous polymer with its X-ray crystailnity seidom exceeding 15% However, 
X-ray crystallinity of poly-palanine (PBAL) which IS known to be crystalline, could be varied, in the 
present study, over a wide range e g  40-100% depending on polymerization cond~tions 

Earl~er  worker^^.^ have reported three XRD peaks for PBAL obtalned w ~ t h  a number of initiators. 
In the present study it has been.possible to have PBAL having two or more peaks depending on 
polymerization cond~t~ons 

PAM has been found to be essentlaily atactlc (-50%) as has also been observed by other 
 worker^^.^. However, In PEAL isotacttc and syndiotatic contributions have been found to far 
outweigh atactlc contr~bution, the two together contributng up to 80% or more 
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