
1. Introduction 

Thermophily or life at high tempf?ratwes ha:+ been ;I :<ubjcct of i~lterest and investigation for 
many years'. Over the years tb,rec nrairr theories have been put forward !o expiain this 
phenomenon. These are the "kinet~c"', the "lipcd"\r~(! !he "niacronroleci~lar"" theories. 
The kinetic theory ascribes thermophily to a special melabolic state, character~zed by 
high rates of macrornoioci~lar t:lrnovni. Accordin~l to the lipid theory the therrnophi!~~ 
growth requires protecllve actiori of high ~noi l iny lipids or> rnacrornolecules and subcellular 
structure. The macromolecular theory explains therli-iophiiy on the basis of physico- 
chemical differences in the stability, structure and fonctior of 1:ilportant macromolecuies in 
thermophiles and mesoph!ies. Although a grear deal of ~nformation IS available regard~ng 
thermophilic prokaryotes, very few biochc-ni~cal studios have been conducted on eukaryotic 
thermoph~les. 

The present study was conducted rrl view of lack of informalion regarding the 
mecha~iisms of thermophily in the eukaryotic organisms. Some aspects of the protein 
synthesizing machinery have been investigated in the thermophilic fungus Humicola 
ianuginosa. It is one of the most conimonly found thermopliilic eukaryotes with a growth 
temperature range of 30" to 60°C (T,,,, 45-5O'C). Thus, i t  is one of the few eukaryotic 
therrnophiles capable of growing at temperatures as high as 60°C. 

2. Experimental programme 

Theexperimental programnie was to prepare a few components of the protein synthesizing 
machinery such as tRNA, ribosomes and aminoacyl tRNA synthetases from H. lanuginosa 
and compare them with that of mesophilic yeast, Caridida utilis. Total tRNA from both the 
organisms was prepared by the usual phenol extraction procedure%nd chromatography 
on DEAE-cellulose. Ribosomes were prepared by differential centrifugation of the cell 
extract. Change in absorbance was recorded in. a Beckman DU 8 spectrophotometer. 
Thermal melting and the rate of digestion by RNase A o f  tRNA and ribosome sampleswere 
compared by noting the change in absorbance at 260 nm. W i n e  tRNA synthetase was 
prepared in bulk by ammonium sulphate fractionation and chromatography on Sephadex 
CM-50 and Sepharose-4B columnsf Final ~ur i f icat ion of the synthetase was effected by 
affinity chromatography on L.valine-~H-Sepharose-4B column. Purity of samples was 
checked by electrophoresis on polyacrylamide gels. 
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3. Results and concBaesions 

Total transfer RNA isolated from H. lanuginosa was compared for its !hermostability with 
that from the nesophi l ic  yeast Candida uti!is. The tRNAs were found to have similar 
thermal transitions wi th Tms around 40°C in the absence o f  any added M y i + .  However, 
spermine and Mgi' drastically cnhanced the thermostabil i ty of both the ~RNAs. 
polyamines and magnesium ions are ubiquttousiy present In a!l the liv;?g cells, it was 
concluded f rom these results that H. ianuginosa tRNA does not  possess the requisite 
intrinsic thermostability for growth at hlgh temperatures but  can be stabilized in vivo by 
Mgt , polyamines and other intracellular factors. Total tRNA from H. lanugrnosa was found 
to be comparatively more resistant to pancreatlc ribonirclease A (RNase A) digestion than 
that from C. utilis. This probably reflects a relatively txigher ribose methylation in the tRNA 
from the thermophile. 

Comparativestudies o n  the thermostability of the ribosomes f rom the two organisms 
showed the r~bosomes f rom H. lanuginosa t o  be slightly more resistant to heat 
denaturation. Ribosomes from the thermoph~le were stable up t o  50"C,?he To,, with a T,of 
about 60°C, theT,,, of the organism. Thus, ribosome stab~l i ty  ~ r i  vivo might be important in 
determining the upper growth temperature of the organism. As in the case of tRNA, 
ribosomes from H. ianuginosa were aiso found to be more resistant to RNase A digestion. 

Presence o f  the th~or~bonucleotide, 5-methyl-2-thiourlditie (rn5s2U) is known to increase 
the thermostability of tRNA in the thermophilic bacteria Thermos thernophi!us7. Thionuc- '. 

leotides from H, lanuginosa tRNA were investigated, i n  view of the above information. The 
results of these studies showed that the fungal tRNA does not  contain any significant 
amounts of m%'U. However, two unusual thionucleotides were observed in this tRNA and 
attempts were made to characterise these. These have been tentatively identtfied as uridm 
derivatives. 

Aminoacyl tRNAsynthetases play a very crucial role in protein biosynthesis. A number of 
synthetases have been studied i n  thermophilic bacteria and like most  of the proteinsfram 
thermophiles, these enzymes have been found to have higher thermostability as well as 
highertemperature optima than the corresponding enzymes f rom mesophiles. Preliminary 
observations with partially purlfied preparations o f  total arninoacyl tRNA synthetases from 
the fungus, however. indicated most of these enzymes to be optimally active around 37°C. 
During further fractionation o f  synthetases, f rom the fungus, valyl tRNA synthetase activity 
was found t o  split into two  peaks. Both of these protelns have been purified extensively. 
one of them to homogeneity. The two  enzymes were found t o  be very similar in thetr 
molecuiar weights, subunlt structure and various kinetic properties. Maximal activity with 
both the enzymes was obtained between 40 and 45°C and both were found to rapidly lose 
activity beyond 45%. Further detailed studies wi th the homogeneousenzyme showed that 
the purified proteln was quite thermolabile. However, substrates and polyamines were 
found to Protect the enzyme against heat denaturation. From these results it was concluded 
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that H, lanuginosa valyl tHNA synthetaso does not possess the requisite intrinsic 
t,,ermostability to fclncfion ovtimilliy at the growlh tenrperatures of the organism. Thus i n  
";,the enzyme, most r;robably, ieqnlres substrates and othcr intracelluiar environrnentai 
factors for proper activ~ry and therrnostability. Fartiler, total protein turnover rate In the 
fungus was found to increase with increase in the growth :erripc?rature. Thus, it is possible 
that some of the crucial proieirls ihat are not sufficiently thermostable, are replaced 
through increased protein turnover. 

Taken together, these results indicate that unlike in most thermophilic bacteria, all the 
components of the translation machinery in H. lai?ugir?osa do not show high intrinsic 
thermostability. lntracellular rnicroenvironrncrlt of the organism and probably increased 
macromolecuiar turnover may play a crucial role in the proper functioning of the various 
components at the growth tcmperatt~res of the organism. 
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Thesis Abstract (Ph.D.1 

Studies on pep t ides  o f  confosmabionaP a n d  b io log ica l  in terest :  Chemotactic 
peptide analogs, acyclic ~ y s t i n e  pep t ides  and f r a g m n t s  of bacteriorhodopsin 
and emerimic in b y  P. Antony  Raj. 
Research supervisor: P. Balaram. 
Department: Mo lecu la r  Biophysics Unil. 

1. Introduction 

Studies on the physical and canformational properties of oligopeptides have been 
stimulated by  their widespread occurrence, impressive range of biological functions and 
wide array o f  structural motifs. In this study, peptides which assume specific conformation- 
a1 features such as helices, sheets and turns have been synthesised on the one hand and on 
the other, attention has been focussed on a few hiologically active pepkides to understand 
the relation between spectroscopically determined structures and biological activity. The 
peptides chosen for investigations are the chemotactic tripeptide analogs, cystine peptides, 
fragments of the bacteriorhodopsin G-helix and the fragments of tho antibiotics,emerimicin 
Ill and IV. 

2. Experimental procedures 

All peptides chosen for the investigation were synttiesised b y  solution-phase procedures 
using dicyclohexylcarbodimide (DCC) o r  I-hydroxybenzotriazole (H0Bt)lDCC-mediated 
couplings. Detailed characterisation of peptides at every stage o f  synthesis was performed 
by 60 MHz. 80MHz and 270 MHz'H NMR. All final peptides were purified by silica gel 
column chromatography using CHCI, and 2% Me OH in CHCI, as eluents. Peptides were 
found to be homogeneous by HPLC. 

The conformational studies of the peptides were carried out  by  using 'H and 13C NMR, 
Nuclear Overhauser Effects (NOE), IR and CD methods. The biological activity of the 
chemotactic peptides was determined in terms of their ability t o  release lysozyme from 
rabbit neutrophils. The activity of the fragments o f  emerimicin was examined by comparing 
their ability to function as uncouplers of oxidative phosphorylation in rat liver m~tochondrla. 

3. Main results and conclusions 

The synthesis of chernotactic peptide analogs and their ability t o  release lysoz~me from 
rabbit neutrophils have shown that the analogs containing ol-arninoisobutyri~ acid (Aibl 
and 1-aminocyclopentanecarboxylic acid (ACC') at position 2 of the parent chemotactic 
peptide. For-Met-Leu-Phe-OH, exhibit high biological activity1. The spectroscopic analysis 
of these conformationally constrained analogs, For-Met-Aib-Phe-Ome and ~ o r - ~ e t - ~ c c ' -  
Phe-OMe and studies on the crystal structure and solution conformation of the related 
peptide, Boc-Met-Alb-Phe-0Me2 have established that these analogs favour Type 11 Wrn 
Conformations, in solution. 

These observations suggest that folded conformations may be important for biological 
activlhl. This conclusion is at variance with the earlier suggestion that extended 
conformations are necessary for interaction with the n e u t r o ~ h i l  chemotactic peptlde 



The synthesis and spectroscovic s t d r e s  of sciveral acyclic cvstine peptides suggest that 
the cystine residue acts as a strong corlstramt on The peptide backbone, even in acyclic 
systems and stabilises intramolccuiar antiparallei pshee t  structures (fig. 2). 

F ' ~ .  1. Hypothet~cal interaction of folded  or-Met-Acca-Phe-OMe 
With the chemotactic peptide receptor in rabbit neutrophds. (a). (b )  
are the two proposed sites of hydrogen bonds from the receptor. 
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FIG. 2 Proposed antiparallel p-sheet conformations of acyclic cystine peptides 

The synthesis and spectroscopic studies of the 6-helix of the membrane protein, 
bacteriorhodopsin, Boc-Gly-lle-Val-Pro-Leu-OMe (197-201) ~oc-Gl~-Ala-Gly-l le-Va~-prO- 
Leu-OMe (195-201) and Boc-Gly-Ala-Gly-ile-Val-Pro-Leu-Asn-lle-Me (195-203) suggest the 
structural flexibility of these peptides in polar and "on-polar solvents and corroborate 
P ~ ~ V ~ O U S  reports on similar r n~ lecu les '~~ .  

An attempt at the synthesis of a 15-residue peptide which is an analog of emerimicin IV 
1 5 10 15 

i B o c - P h e - ( A i b ~ 3 - V a l - G l y - L e u - ( ~ i b ) 2 - ~ ~ p - ~ l - ~ i b - v p . ~ - p )  wherein Iva at position 12 
has been replaced by Aib has been described. The synthesis of 1-10 and 11-15 fragments 
bas also been described. 



modifying activity. 
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Thesis Abstract (Pi3.D.) 

Gharac.b@risaiion o f  r inderpest  v i r w  a n d  mechanism 06 i t s  persistence in vero cells 
by K.V. Kesari. 
Research supervisor: P4.S. Shiila. 
Department: Molecular  and Celi B io logy  iabo:a:ory. 

Despite the factthat enormous amount of vdork is being carried out on measles and canine 
distemper viruses, very little in:orrnabion is  availabie o n  structure-funcrion relationship and 
persistence of rinderpest virus in vwo and in vitro. Preliminary characterisation of 
rinderpest virus in relation to the virus-specific macromolecular synthesis and the effect of 
actinomycin D on its replication has been done in our laboratory. 

The present study is undertaken t o  understand the mechanisms of rinderpest virus 
persistence in vitro. A knowledge of the structure-function relationship o i  the virus is 
essential for in-depth study o i  the course of its multipl icalion in acute and persistence 
infection. 

2. Experimental programme 

The work is divided into two  parts. The first par i  deais wi th the structure-function 
relationship of the virus. This involves, morphological and biochemical characterization of 
the virus. This was experimentally approached by infection of the Vero cell in culture with 
the virus, purification of the virus and purification of the structural proteins following 
disruption of the virus. With the help of rnonospecific antibodies to these structural 
proteins, the location and functional aspects of the proteins have been delineated. 

The second part describes establishment of rinderpest virus persistent infection in Vera 
cells and characterization o f  the persistently infected call line. Various aspects of persistent 
infections presented include, biological characterization of cell line, structural alterationsin 
plasma membrane, expression of theviral antigens and mode of their synthesis in vivoand 
In v i m .  Ultrastructural studies have been carried out t o  f ind out the differences, if any, in 
the maturation process of the virus dur~ng acute and persistent infection. The conformation 
of the purified nucleocapsids in both the systems has been studied by way of electron 
m i c r o ~ c 0 ~ y .  Using RNA-RNA hybridization technique, the proportion of plus and minus 
strand RNAs associated with the nucleocapsids in acute and persislent infection has been 
determined. 

3. Results and conclusion 

Kabete '0' strain of rinderpest virus (RV) has been purified. The viral polypeptides have 
been identified by i rnm~noprecip i tat in~ (35S) rnethionine-labelled virus with the antiserum 
raked in rabbit against purified virus and with the sera f rom convalescent animals.Thefive 
structum proteins. as identified by this method are, a haem~~glut in in-re lated protein (HI, 



74000 M ~ ;  n"cleocapis protein (N!. 62,0011 Mr; d ~ h o q ) t i o p r o f ~ ' ~ n  (P!, 70,003 Pdr; h~sio.) 
protein if:), 46,000 arid i rYiali:x prrJloirl (ii/ii ot r1t!?iai'rli'il ~ c l i : h i  3tl.COO. pioielns N ,I!:J 
pare phosphosylated, wtioleb:;, i l lo prt>tt:m i-l 's jlri?.:<!!l: 111 y!ycoivls?ed io:ii:. The proteins 
H, N,  ,c, and M have h c w  ~ ) : l r l f ~ ~ : ~ I  ii::llljl V~~i ' : lL:b illO!-.!'s ]>iiri i l~:i i loil .echll iqile~. 
Monospecific an:8bodies have bc?orr r ; i i~oi !  q< l l l iS  ;,i:riflCli ti, N, i-nri C ,  proteins. 

~ i ~ d ~ ~ ~ ~ s t  virus persistent ir~iecIion has Imen ~sltubiislisd in Ve:o celis using 'ceii 
s,Nivor'technique and a clone oesigna:ed as PI-2 has been tr;olalcd. The average titer of 
,he ,,irus s"ed by Pi-2 ci?lls w a s  e):?:elll~iy i ow  and imrely deisctable a h ;  200 days of 
persistence. Pi-2 celis are tota!ly resistiint io ::is r!.r:t:rl ; :x : i< : r ;  by XV but partially to 
measles and can:ne distampei vh uses. 'ihc: viral antigens collld be de!ected in the plasma 
membrane and cytupiasrn usitip inonos~reciflc antibodks. kqtibodies against the N protein 

granular fluorescence of cyiopiasm, n,hf!eeaa lire prolc:ins I-? and F1 ere poorly 
expressed in the plasrna membrane of Pi-? ce!is. 

Undiluted passage of standerd R\!.f~roductid tb6ix1:ve ;n;erferinc particles. A sirniiar 
activity, although at a lower level, is fourid In tlir? medium in w l~ i ck  Pi-2 ceils are grown. 

Acute infection of Vero cells by HV is choract:!ri7ed by h i o n  o l  ce!ls from within. 
However, Pi-2 cells did not si'iow fusion at any stago drtv~ng mahtenance, but they fused 
spontaneously with Vero cells. In ?he initial stages of ucrsisient ~nfection, the fusion of Pi-2 
cellswith Vero cells was followed by reiesse of the viriis In significani quantity. In the later 
stages, although the capacily of  Pi-2 cells to  fuse with the normal ceils is retained, the virus 
is not released. In order to undersiartd ?hi? iofe of plasma merr~brane structure in favouring 
or preventing the fusion, a iliiorescsnt probe. diptienyl hexalriene !DPH) was used. 
Polarization of DPH in the plasma nxrnbrane of Vero, acutely infected (Al) and Pi-2 cells 
was lnonitored at differen! teinpc!raturris. l l r c  i low nctiv:!ii,:ii t:n<:r0y ( '\, E )  for all t h~ee  cell 
Vpes has been aetermincd. The ,, E v a l w  for Vero cel!:; is higher than that for A1 cells but is 
significantly lower than tlmt for Pi.2 cslls, ~rit i icatiny decreased fluidity of Pi-2 plasma 
membrane. 

Long term labelling of acurely irifected and Pi-2 cells did not show any difference in the 
profiles of immunoprecipitated picteins. However, pulse-chase oxperiments revealed 
relative instability of the M protein in Pi-? celis.The virious shed by Pi-2 cells are l~naltered 
in Protein Composition. The abundance of the viral Poly (A') RNA is five-fold lower in Pi-2 
cells when compared to that in A1 cells, as judged by in vitro translation experiments. 

Theviral nucleocapsids (NC) have been purified from Al  & Pi-2 cells. The average length 
ofthe nucleocapsids is 1156 nm. Although, most of the structural parameters of the NCs 
like extf;mal diameter, subunit angle, protein subunit molecular weight are unaltered 
during Persistence, a significant difference is seen in the pitch of the helix. While the NCs 
isolated from A+ cells tmve an averaqe pitch value of 6.5 nm, those from Pi-2 cells are 
compressed (average pitch 5.5 n m ) . ' ~ h e  A l  cells have large inclusion bodies in the 

and distinct arrays o f  NCs underneatn the plasma membrane, whereas, the NCs 
are seen scattered in the cytoplasm of Pi-2 cells. 

Experiments ~nvolving self-annealing and hybridization of purified nucleocapid RNA 
A1 and Pi-2 ceiis with Poly (A)+ RMA from virus-infected cells reveal predom~nant 

presence of negative strand RNAs in ~1 cells, whereas the proportion seems to have 
changed in favour of positive strand RNA in pi-2 cells.These experiments are indicative of 
an aberreni replicative process in RV persistence. 
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Thesis Abstract (Ph.D.I 

Synthetic studies in tarpanoids by D.  Murali. 
Research superv isor .  6 .  S. Kr ishna Rao. 
Department:  Organlc Chemis t ry .  

The syntheses of several naturally occurrin<l terpeno~(Is are reported herein. 

The first total synthesis of 8, a norsesquiterpene occurring in t i le k~lznt lsocoma wrighiii 
has been achieved'. Succ~noyiation of 4-t-butyl-o-xylene, under Fr~edel-Crafts conditions. 
gave a mixture o f  keto acids 3 and 3, which were separzted as their methyl esters2 and4 
respectively. Ester 5, obtained f rom 2 by de-t-hufylation, gave o n  modified Clemrnensen 
reduction the arylbutanoate 6. Gr~gnard reaction o i  6 wi th  MeMgI, fo:lowed by cyclo~ 
dehydration of the resultlng tertlai-y alcohol, produced the natural product 8. 

The norsesqulterpene Bwasconverted to chrysohc acid' (13) a diterpenoid isoiated3from 
the desert plant Chrysotharnnus paniculatus. Tetralin 8 o n  chloromethylatlon gave 9. Con- 
densatlon of 9 wlth ethyl sodioacetoacetate gave the kelo ester 10, which on decarbethoxv- 
lation afforded 11. Modified Reformatsky reaction of 1 7  wi th  t-butyl bromoacetate, fa1- 
lowed by  thermal treatment of the product (12) ,  furnished chrysolic a c ~ d  (83). 

The synthesis of two isomeric sesqulterpenic metabolites (21 and 251 isolated4 from 
tobacco leaves inoculated with tahacco mosaic virus (TMV) was achieved through two dlf- 
ferent routes. Stobbe condensatiori of 2,3-dimethylbenzaldehyde (251 (prepared from "- 
wiene by a novel route via the t - b u t ~ ~  compound 14) wi th  diefhyl succinate gave the half- 
ester 16. Simultaneous reduction and hydrolysis of  16 gave the diacid 37. Its cvclodehv- 
dration t o  the tetralone acid 18, followed by its Clemmensen reduction gave 19. Grignard 
reaction of i ts methyl ester 20, with MeMgl afforded metabolite 21. 

In the synthesis of the second metabolite 25, tetralone 22 the wclodehydration product 
7 derived from 6 already referred to served as the key synthon. Carbethoxylation of z2 Pro- 
duced the ksto ester 23. Modified Ciernnlensen reduction of 23, fol lowed by the x t lon  of 
M e M d  o n  the resulting ester 24, furnished 25. 
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A simple ber,zoannuiation i rumdurrr  involvin(; cyci~ration rrf ?,a-d~enoic acids 28, 
IR'= H) has been developed 3 r d  succ~ssf l l l l \ /  crnlii0yo:i in Lhe synthesis of te:penoids 
,_).(~j .~~~-cuphenoi acetate (33). ( )-(if% G ) - 8  iiyclroxy and 8-inethoxycalamenenes (37 
jnd38) and (ti-(R)-dihydropyroc~irZereIlOi?L' (441. ltici 2.4-clierioic ac~ds 28 ( R L -  H) under- 

cycllzation, in the presence of sodiurii acctate i r i  acetic anhydr,de under reflux, to give 
he phenoiic acetates 29. The 2.4-dieno~c acid 28 iR" - Hi cvc!ra prepared by the basic hy- 
jrolysis of the corresponding esters 28 (li" Me), whicn in kirn ware obtained by the 
ylttig.Horner reaction of the carbony1 coi73pourins 26 IR', R '  - H or alkyl), wlth the phos- 
,honate 27 ( R ~  = H o i  Me). The generality of this beri~oan~icilation procedure was es- 
lblished by a variety of successful tronsfor:~~atioris, vii., aceraldeliyde to phenyl acetatc; 
,rop~on-aldenyde to 0-cresyl acetate; acetorie to both in-crcsylacetate (29, R '  - R* =- W: 
2 =  Me) and 3.5-dimethylphenyl acetate (29. H' : H; R '  -- R" - Me); and cyclohexanone 
,30. Further examples arc t f ie conversion 0: isi~vaiersii lchydc to the monolarpece thyrnol 
cetate(31). (+)-1R)-pulegone (34), to the acetates 35 and 39. Acetate 36 on hydrolysis gave 
-1-(lR, 4s)-8-hydroxycalamenene 1371 and rrrcthylaliori of 37 gave ( ) - ( I R ,  4s)-8- 
iethoxvcalamenene 138). Both 37 and 38 sir: enantiomers o i  natiirally occurring 8- 
{dioxy5 and 8-methoxycalameric~ies~~ 1corlstituonls ot tile sea weed Dysoxylurn 
:utanguium and the horny coral Suberi;iorgiriio Aicksoni, respectively). Hydrolysis of 39 
we (tl-11R. 4R)-8-hydroxycalarne1ierie, o notilia1 product7 from the liverwort Bazzania- 
llobata. (+)-(R)-Pulegone (341 on Wittig-I-lornor condensation witb triethyl phosphono- 
:etate,followed by basic hydroiysis ot  the product, gave a mixture of 2,4- and 3.5-dienoic 
,ids40. Treatment o f  the mixture 40 w l lh  sodium acetate-acetic anhydride under refiux, 
d to cyclization to give the bicyclic acetate 41 in high yield. The tetrahydronaphthol 42, 
cured from 41, was converted to the acetonate 43, which on cyclodehydration gave ( + I -  
1-dihydropyrocurzerenono (44, the enantiorner of  the natural product isolateds from thc 
ots of Chioranthus serratus), along with a small amount of the linear furan 45. 

The iodoxybenzene oxidation of 1-naphthols iias been studied in detad. Oxidation of  
substituted, 3-methyl-, 7-methyl-, 6-rnethoxy-, 7-methoxy- and 8-melhoxy-1-naphthols, 
ng iodoxybenzene In aqueous acetonitrile gave the corresponding 1,2- and l,4-naphtha- 
inones. Similar oxidation of naphthol 46, prepared according to a published procedure, 
ge emmotin H (47, one of the emmotins reported3 from the trunk-wood of Ernmoturn 
ens1 as the sole product. lodoxybenzene oxidation of i -HlR, 4s)-8-hydroxycal- 
enene 137) gave mansonone A'O (48, an allergen from the heart-wood of Mansonia 
=;ma) and the corresponding p-quinone 49. 

he study on selective benzylic oxidation of 4-acyltoluenes, using benzyltriethyl- 
monium permanganate (BTAP) led to the synthesis of sydonic acid" 53 (a sesquiter- 
lit metabolite from the culture filtrates of Aspergil!ussydowi) and an ester 55, an inter- 
diate in the synthesis of pyrenochaetic acid A ' ~  57 (a phytotoxin from the culture fil- 
es of Pvrenochaeta terrestris, the causal fungus of onion pink root disease). Oxidation 
heacetoxy ketone 50 using BTAP in aqueous acetic acid, gave the phenolic keto acid 52. 
atmnt of 52 with excess'of isohexyl~nagnesium bromide gave sydonic acid 53. Ox;- 
ion of 51 by BTAP, followed by methylation of the resulting mixture of acids gave the 
t h O ~  methyl keto esters 55, 56 and methyl 4,6-dimethyl-2-methoxybenzoate. Oxidation 

by BTAP gave an inseparable mixture of acids 59 and 60, the former being the one 
uired for further elaboration of hydroxysydonic acid 54. 
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prepared by adding an aqueous concentrated ~ i t r a : ~  soiiilion of the componer 
metals to 13N nitric acid (AmalaRj a? 5°C. ;sing mln lon ium hydroxide or sodiur 
hypoehiorite solution as the precipiialing reagert, hydroxide solid sdutions of the 
formula Lra.~_,M,(OH)3 Ihn = La or itld; - A[. Cr, Fe. Go or Nil were precipitated. soli, 
solutions among isostr~cBural oxalate clyhydraczs of Mn. CO, Ni and Zn were prepared b 
adding acetale soiution of the component rneiak Eo It\N 0xalic scid at 80°C. All th 
precursors were characterized -by X-ray povvder diffraction and, where essential, b 
thermogravirnetric and IR absorpXior: studies. They were decom~osed at the lowes 
possibletemperatures i : ~  suitabie atmosphere i va~uunh  oxYgen, air. nitrogen or hydroger 
to obtain complex metal oxides. La2B205 oxides (B = CO Or i\ii) were prepared by reducin 
the parent perovskites, La%& in a thermogravirnetric balance in dilute hydrogen (H,:N?~ 
the 1 : 9 volume ratio). Ca2Fe, ,FSln,05 oxides were obtained by the reduction of th 
corresponding fully oxidized phases in dilute hydrogen. Li,V02(Qctx<ll phases we, 
prepared by  room-iemperature dilithiation of LiV07 llsing Biz in CHCI3 as the oxidizin 
agent. All the oxides prepared were charsclerized by X-ray powder diffraction and electro 
diffraction. Some of the cxides were characterized by magnetic susceptibility rneasur, 
ments. 

3. Results and discussion 

All the solid solutions prepared by us are single-phase solids as revealed by X-ra 
diffraction studies. Carbonate solid solutions have yielded several interesting oxides suc 
as Ca,Co205, Ca2Fe205, CazFeCoOs and Cra3Fe2Mn08. While Ca2Cw205 adopts a vacanr 
ordered perovskile superstructure, similar to Ca2MnZ05, i th square pyramidal coordin; 
tion around the transition metal ion2, the other oxides belong i o  n = 2 or 3 members of tb 
A,B,03,-, series with brownmillerite type3 of oxygen vacancy ordering. Nitrate soli 
solution route affords a simple way of preparing BaPbOs, Ba2, Pb04, eic. at low temperatun 
without any volatilization of lead. Hydroxide solid solutions have yielded many perovskil 
oxides, particularly NdNiO, at ambient pressure. Quaternary spinel and perovskite oxidc 
have been prepared from oxalate and cynanide solid solutions respectively. Monoxic 
solid solutions of the rocksalt structure of the general formula ililn!-,MxO (M = Mg. C0 ( 

Cd) 10Sx S1) obtained from the corresponding carbonate solid solutions have s h 0 ~  
interesting magnetic susceptibility phenomena. Antiferromagnetic ordering complete 
disappears when x20.25 in Mn,.,M,O (M = Mg or Cd) systems, whereas in Mnl-,CoJ 
TN is found to vary linearly with x. 

LazC020, and La2Ni205 retain the original features of the parent pervoskite ~tructur 
While La2Co2O5 adopts a brownmillerite structure wi lh Co2+ in octahedral and tetrahedr 
coordination, LazNi,O, adopts a new perovskiie related structure with Ni2+ in odahedr 
and square planar coordination as revealed by electron diffraction studies (fig. 1). 80' 
these phases can be oxidized back to the perovskite structure revealing the topotact 
nature of the reaction. Ca2Fe2-,Mn,0s-y(O<y<~) oxides obtained from carbonate $id 

solutions Ca~Fe2-,MnX(CO,), have yielded, on hydrogen reduction, a series of metastab 
quaternary perovskite-related oxides of the formula Ca2Fe2_,Mn,0s(x = 21% 7 .  4\31 wi 
octahedral, tetrahedral and souare pyramidal coordination around transition metal ion 
However, these phases, on heating in vacuum, transform to the brownmillerite slructur 
This observation shows that the nature of oxygen vacancy ordering in a given oxide s W  
depends not only on the nature of transition metal ions but also on the method 
preparation. 



1 Vacancy orderlng in perovskite related La,Ni,O,. (a) Proposed 
ructure for La,Ni,05. Projection of the isroposed structure llefti, 
:petted E.D. pattern (centre) and E.D. pattern observed for L~,NI,O, 
ghtl in ibl [OOlI,, (cl  I1 101,and (d)  [ l  ill,. direct~ons I@ - lanthanum, . -  
ckel, ('%xygen; 0-oxygen vacancy]. 

LixVO, oxides ( O i x i l )  obtained by delithiation o f  rocksalt related LiVOz retains the 
hit elope packed anion array of  the parent LiVOZ. A sample obtained by complete 
?lithiation cf LIVO, transforms, o n  heating in vaccum, to the monoclinic Structure of V02. 
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Thesis Abstract iPh. D.) 

Inter-oaganellar interaction: Regulat ion o f  mi tochondr ia l  oxidat ive phosphoryla. 
t i on  by chloroplasts by  Vipin Kumar. 
Research supervisor: C.K. Ramakrishna Kurup. 
Department: Biochemistry 

1. Introduction 

There is increasing evidence that interaction between the two energy-transducing 
organelles of higher plants, namely the chloroplast and the mitochondrion plays an 
important role i n  the regulation of energy metabolism during growth and development 
The entire energy needs of the mature plant during illumination can be met from 
photophosphorylation by  chloroplasts'. Presi~mably, a further increase in phosphate 
Potential (ATP concentration\ by mitochondrial oxidative phosphorylation would exert a 
negative feedback on both energy transducing systems. However, a decrease in the oxygen 
concentration of the cytoplasm facilitates efficient fixation of carbon dioxide and 
minimization of photorespiration. These considerations would suggest that mitochondria1 
oxidation in the light should proceed without being tightly coupled to ADP phosphoryla- 
tion. This thesis makes an attempt at understanding the communication between the two 
energy-transducing membrane systems and reveals that the xanthophyli lutein may play a 
role in the regulation of mitochondrial oxidatrve phosphorylation. 

2. Materials and methods 

Tightly coupled mitochondria were prepared from mung bean seedlings and from rat liver. 
Chloroplasts were isolated f r m  the leaves of alfalfa and peanut. Xanthophylk were 
isolated from chloroplasts by extraction with etherand lutein was separated and purified by 
chromatography. Structure was established by physical methods. The effect of lutein on 
mitochondria1 volume changes was determined by electron microscopy and by absorbance 
decrease at 520 nm. Increase in permeability to calcium was monitor id by chlortetracycline 
fhOrescenceZ and by uptake of [45~aZ+]. 
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*d,jliion of chloroplasts (100 - 300 Pg eou l vden t  o f  chiorophyi l !  t o  rat !ive: o r  mung bean 
mliochondria inhrbited State 3 (ADP p:eser;t) ar ld s l ~mu la tea  S a t e  4 (AD? exhausted) 
,esplratl~n [fig. I ) .  The u n c ~ u ~ i l n g  ai:ti\,it~ a d s  f o~ !n i i  to  be assoc~alec! w i t h  parlicies r ich 

,, photosystem It3. 

A factor with uncoupling ac:ivity was iso la ted i r o n  chloroplasts and identi f ied as the 
xanthophyll lutein (fig. 2 ) .  Addi I ion of luteit i  t o  tightly cobpled plant o r  animal mitochondrie 

FiG. 1 .  uncoupling of oxidat~ve phosphory1ation in rat liver mitochondria by grpundnut leaf chloro- 
plasts The effect of additton of ln[act prepared from fresh leaves of groundnut on 
resP'rator~ control and ADPIO ratio of rat liver lnitochondria is shown Aher the addition of substrate 
isucclnate or glutamate + malate). ,state 3' respiration was lnittated by the addltion of 2 0 0 ~ M  ADP. 

iconcentration in chlorophyll ecluivalents indicated) were added before substrate. The 
in Palentheses represent the rate of oxygen uptake [ng atom Olminlmg protein). The values of 

respirato~ Control ~ndex  (RCI) and ADPIO are also given. 



FIG. 2. Structure of Iiite~n 

uncoupled and inhibited oxidation as was done by whole chloropi;sts. Xanihophy~~ 
induced swelling i n  m~tochondria as evidenced by l ight scaltering and elearon 
microscopy3. Consistent wi th ~ t s  imcoupling action, luteiri stirnuldted dormant ATPase 
tightly coupled mitochondria for which the presence 01 Mg" ions 18; the ieactlon system 
was obligatory. 

The properties described above suggested that pert t rbat ion o f  rnernarane organlzation 
may hold the key t o  the mode of action of the compoiinrl. To  gain further insight, the 
interaction o f  the xanthophyll with qhospholipid b~layers was exam~aed employing a 
variety o f  physical methods. Differential calorimeiric scans revealed that incorporation of 
lutein into aqueous dispersions of dipalmiloyl phosphatidyl chofine decreased the 
gel-liquid crystal transition enthalpy as weli as the srzo o i  the cooperative unlt without 
affecting the transit~on temperature. Permeability o f  t i le hilayer of ascorbate wasenhanced 
significantly by the presence of iutein. 

Incorporation of lutein broadened the NMR peaks o f  both the acyl side chain -CH2-and 

Lutein I n moles) I+) 

*--. 

FIG. 3. Effect of iutein on energy-dependent 
uptake of caic~tim by rat Ilve: mitochondria 
Succinate-medieled uptake of Ia5Ca''1 by rat 
liver mitochondria as a function of time in the 
absence (@I and in the presence of 20 PM lutetn 
(A1 is depicted in experiments 1 and 2 respec- 
tively. In experiment 3, the uptake of I n 5 C a 2 ~ ]  In 

1 min in the presence of varying concentraf'ons 
of lurein is depicted (21. 



terminal -C& protens of the p h o ~ ~ ! l @ i ! p l d  Wllhout any change in ;he line vvi&h of the 
choline head group -CF& prolor signal. This indicated the ability of  the compound to 
integrate deep info rhe hydmgl?obic rey;ions of the phosp'ioliyin bilsyer, distal to the polar 

regions. 

though iutew does not b ~ n d  Pa", i i  bcreased Ihe permeability of phosphoiipid 
vesicles to ca2+ ions. Consistent iwilh i ls  imccupling action, energy-dependent uptake 9f 

cazi by mitochoi~drk was inhibited by luiei91. However, addition of lutein permitted t; rapid 
of the cation f m m  Ca" losded mitochondria (fig. 3). 

These properties of l~teir-I throw sufficiefi! light on i?s  mechanism of action. Even though 
highly lipophiiic, the cornpoiind does no: cor~tein graups which can associate or dissociate 
protons4, and as such, cannot act 2s a protonopttore. -herefore, the mechanism of 

may not involve ihe shultling a: pictons across the mi?oshondrial inner 
membrane as demanded by the cherriiosmo?ic hypothesis? The deieterious action of lutein 
on mitochondrial function mlgk'i reside in :he ability of the  lrpophile to interact with the 
rnernbrane bilayer and perturb ?ha siruci!b:e by the induciinn of 'pores'. 
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