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stabilizes the new steady-state levels- of the enzymes in the catabolism of
aromatic amino acids- -tryptophan pyrrolase, tyrosine aininotransferase and
phenylalanine hydroxylase. -

The observations that enzyme induction and body temperature decreased on treat-
ment with some drugs under cold-exposure point to the need of qualification of
environmental conditions for specifying drug action.

Based on these findings models for chemical thermogenesis, acclimation prc~c~ ss
and functional role of protein structure have been proposed which are e~p eLte u
to stimulate further experiments.
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ENVIR ONMENTA L STR ESS AND BIOCHEMICAL ADAPTATION

A B S T R A C T

1. Environmental  chambers s imula t ing  condi t ions  of a l tered p re ssure
and temperature  have been desi gned and fabr ica ted .

2 . The regulat ion o fmi tochondr ia l  succ ina te  dehy drogenase under  condi-
tions of environmental  s t ress  and t rea tment  with  divers-e c lass  of
act ivators, including ubiquinol , with the common f e a t u r e  of 5.4j0 .8 A
have been studied which led to the apprec ia t ion  of the impor tance  of
th i s  enzyme and redox statu s of ub iquin one  in r egu la t ion  of e n e r g y
metabolism.

3. The combined ac t ion  of the two s t ress  hormones, co r t i s o l  and nor-
adrenaline, stabil izes the new stead y- s t a t e  levels of the enzyme s in
the catabolism of a romat ic  amino acids - t r yp top han py rrola se , tyro-
sine aminot ransferase  and phenyla lan ine  h y drox y lase .

4. The observat ions  that  enzyme induct ion  and bod y t e m p e r a t u re  de-
creased on t r e a t m e n t  wi th  some drugs  under  co ld-expo sure  point  to
the need of qua l i f i ca t i on  of env i ronmen ta l  c o n d i t i o n s  for  spec i f y ing
drug act ion.

5. Based on these f i n d i n g s  models for  chemica l  t he rmogenes i s . acc li-
mation process and func t iona l  role of p ro t e in  s t r u c t u r e  have been
proposed which  are  expected to s t imula te  f u r t h e r  e x p e r i m e n t s .
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P R E F A C E

It is in teres t ing to recall that  in 197 0 a let ter  from Dr. L. M. Libber
of Office of Naval Research, U.S.A. en quir i r i g about our in te res t  to submit
them a research proposal is the beginning of th is  project.  The project  got
activated in September 1971 , thanks to the speed y handling by the IJGC.

The purpose set out was to develop fac i l i t ies  to simulate changed
environmental condit ions of p ressure  and tempera ture  and to stud y the
alterations of cellular enzymes dur ing  environmental  s t ress  leading to
adaptation at biochemical level. These are largel y achieved.

The major t h rus t s  are:  The stud y of regulation of mi tochondr ia l
succinate dehy drogenase which lead to the models for thermogenesis  and
caloric redistr ibut ion;  The hormonal controls of inducible enzyme s in the
catabolism of aromatic amino acids which helped in hierarchicaln-iodel ling
of accl imatory processes ;  The theme of modification of drug act ion and
the caution needed to check drops in bod y tempera ture ;  The theoretical
stud y on the secondary structur e of pro te ins  - the ir-H pathways - that
may offer an exp lanation for thermogenesis  at molecular level and lead to
stud y on the unders tanding of protein func t ions .  While the work lead to
some information on how the changes take p lace under  environmenta l
s t ress, the basic question of what de te rmines  the stead y state in a cell to
suit an envi ronment  remains  open.

The work was carried out by my 8 colleagues - 3 at post-doctoral
level, 5 graduate students  4 of whom alread y used the work for  thei r  Ph.D.
theses . The credi t  of the experimental  work is the i rs . The devotion of
the supporting staff also deserves  ment ion.  Cooperat ion of the s taff f rom
other departments  provided Born e in ter -d isc i pl inary  character  to the pro-
ject. In gene ral, in teract ion with other members of my group and other
projects  in the laboratory has cont r ibuted  in a two-way improvement of
the work.

The staff and I had part ic ipated in 58 Symposia/ Seminars - 7 Symposia
of in te rna t iona l  cha rac te r , 15 na t ional  symposia and 36 semina r s  - and
presented the work which sharpened the ideas during the progress of the



The work was published in 26 papers comprising of 5 short commun i-
cations, 11 full papers and 10 symposia papers. Five more full  papers
are being processed.

It has been a pleasure to have the associat ion of Dr. Libber who gave
constant encouragement and thoughtful review of the progress  report  each
year. My thanks are due to Dr. S. Dhawan, Direc tor , who gave support in
sponsoring this project from the Institute.

Bangalore (T. RAMA SARMA)
May 1, 1977 Principal Investi gator
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ENVIRONMENTAL STRESS AND BIOCHEMICAL ADAPTATION

Sept 1971 — April 1977

ReOearch Project

Environmental s t ress  invokes compensatory metabolic changes by modification of qua-
lity and quantity of enzymes that are normally ra te- l imi t ing or under fine control or inducible
by hormones. Cellular enzyme changes in animals exposed to low temperature and pressure
conditions form the basis of this investigation. Towards this objective , a four-component
environmental simulation chambers for al terat ions in pressure and temperature have been de-
signed and fabricated (see inside back cover). The experimental approaches are three-fold:
oxidative metabolism, catabolism of aromatic  amino acids and alteration in drug action.  A
molecular basis of chemical or non-shivering thermogenesis using shunt pathways of electron
transport  to diver t  energy towards heat production had been developed. Exposure of intact
animals  to low pressure  and temperature elicited enzyme changes in the catabolism of trypto-

tyros in e  and pheny lalanine which are shown to be under the control of cortisol and nor-
inc . Effects of drugs are altered or abolished indicating modified metabolic responses
onditions of environmen tal stress . The processes of adaptation at the cellular level to

- t r e s s  seem to occur by sequenti al changes of hormone s, enzymes and metabo lites leading
stead y-state .

SU CC I NATE DEHYDR OGENASE

The mitochondrial inner-membrane enzyme , auccinate deh ydrogenase ,. occup ies a
central position in energy transformati on process by being part of the Kreb s cycle and electron
transport chain. Thu s modulation of its activity will determine both the amoun t of NADH gene.
rated by Ereb s cycle and rate of overall resp iration. On activation of succinate dehy drogena se ,
one would expect , an increased turnover of Krebs cycle and thereb y increased NAD H produc .
tion. The activation of the ver y sam e enzyme will regulate the oxidation of NADH by electron
transport chain since the two dehydrogenases compete for the limiting cytochrome system
(Fig. 1) .  This could result in increased availability of NADH for synthetic processes or its
reoxidatio n b y non-p hoep horylat ing systems in cellular organ d Ies leading to heat production.
Thus the stud y of modulation properties of this enzyme under conditions of environmental
stress had been undertaken. The information obtained in this investigation showed for the
f i r s t  time that this enzyme does indeed respond to the stimuli and alters its ac t iv i ty  levels

NADH NADH

SUCCINA TE 

- I- C —i Q a3”u p°2

~~~~~~ HYOROOEMSE ~~ECTRON TRANSPORT

Fig. I Location of succinate dehydrogenase In Krebs cycle and
electron t ransport  chain

L _ _ _ _  _ _  .
~~~~~
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confirming th at tne regulation known to occur  in isolated state in vi tro is pos8ible under condi-
tions in vivo.

Act iva t ion  of succinate dehvdrogenaae in vivG

Exposure  of rats to hypobaria (0.5 atmosphere) or hypoxia (10% 02) for short per iod~
resulted in an increase of hepatic mitochondrial ucc inate dehydrogenase activity. That this
increase was due to act ivat ion of the preexist ing protein was indicated by obtaining the same
maximal activity in both control and exposed groups of animals on activation by preincubation
of such mitoc hondrial samp les with succ inate - a known phenomenon, and also by the failure
to prevent the changes on treatment of the animals during exposure to s t ress  with protein-
synthesis inhibitor, cycloheximide .

The increase in .~ctiv ity was progressive with time of exposure and reac hed a maximum
by 4 hr and was maintained at this high level under hypoxia for 36 hr but reverted to the basal
leve l under hypobaria by 12 hr (Fig.2) . On withdrawal of the s t ress  at 4 hr . the act iv i ty
reverted to the basal in 6-12 hr.

f::: ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

PERIOD OF EXPOSL~ E ,Hr.

Fig. 2 Activation of hepatic mitochondrial succinate dehydrogenase
in v ivo

Treatment with noradrenaline (0.2 mg/ rat) also el ic i ted a similar response w i t h  the
maximum at Z hr af ter  w hich the value cont inued to decrease.  Noradrenaline response was
partia lly inhibited on treatment with cycloheximide and adrenergic blocking agents.  The nature
of activation also differed from that obtained WLth  environmental s t r e s s  as will be shown later.

“ KV -type act ivat ion: This ac t i va t ion  is of great physiological interest as t t  can be
interrupted as a compensatory mechanism invoked to overcome the S t ress  and meet the energy
demands . Further , these ac t i va to rs  are observcd in iso lated n- iitochondria af ter  two washes
with homogenizing sucrose medium. It is obvious that the stimulus of s t r ess  had evoked a
change in the quality of the enzyme w hich is in a form stable to washing procedure . It is
instruct ive to point out here that act ivat ion obtained with pre incubation wi th s uccinate is not
stable under the preparat ive cond i t ton~ and therefore is exc luded. These observat ions pro-
moted further probes into the nature of the act iva t ion  phenomenon. The f i r s t  si gns of an
intr icate mechanism is revealed in the exper iments to determine the Michaclis constants ,  It
was found that both with hypobartc- and hypoxic- type of ac t i va t ions  the double re c i p r o c a l  p lot s

I
_ _ _ _ _ _  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _____
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Fig. 3 Ac tiva tion of succ inate dehydrogenase : Lineweaver-Burk plots

(Fig. 3) were parallel to that of the basal showing both KM and V max were altered in the acti-
vated enzyme . There was sigmoitl icity with [SJ versus V curves. The same was true of the
succinate-act ivated enzyme giving the clue that a general phenomenon of activation distinct
from the classical “K” or “V” - types is under observation.

It was conjectured that the activation phenomenon represents a conforrnational change
of pre~ existing protein into a form with higher catalytic efficiency. A number of act ivators
were known by the early seventies and the work had taken an unexpected turn when it became
known that act ivators had invariably the property of competitive inhibition at higher concentra-
tions, It was considered useful to distinguish the act ivators , even if it were to be some minor
property. And towards this end some of the features of activation were investigated in detail.

Some features of activation: The assay of the enzyme is normally carried out by the
rate of reduction of the dye, ~~~nazine methosulfate (PMS). This activity is considered to
ref lect the act iv i ty of this flavoprotein, as it interacts with the main-chain electron transport .
The same flavoprotein can also be measured by the reduction of the dye , neotetrazo lium chlo-
ride (NT). The NT.reductase is specifically stimulated by enriching mitochondria with endo-
genuous or exogenous ubiquinone. The PMS-assay is insensit ive to added ubiquirione in vitro
and antimycin A whereas the NT-assay is stimulated by ubiquinone and inhibited by antimycin
A. The two assays permitted distinction between some of the act ivators .

The substrate , succi nate , itself ac ts  as an activator when preincubated with mito-
chondria in v itro. By simp le washing procedure it can be removed and the resedimented mito-
chondria reverted to basa l activity. Some conditions of activation were stable to such washing
procedure. A second washing procedure was adop ted in w hich the mitochondria were f irst
preincubated with excess of succinate for full activation and disp lacement of any bound acti-
vator was brought about by the usual washing procedure. This procedure reverted the activity
to basal level in most cases and only those act ivators that can not easily be displaced by succi-
nate retained the higher act ivi ty. In addition, the va lues of Michaelis constant for succinate
(KM). the concentration of the act ivators for self-saturation (Ha) and t he inhibitor constant (Xi)
were experimentally determined.

The Classes of act ivators:  A widel y differing type of compounds inc lud ing substrate
competi tors have T e e n  found to show activation of succinate dehydrogenase . These fall into
the c lasses  of dicarboxy lates , pyrophosphates , quinols and nitrophenols. To this group are
added dihydroxy-p heny t compounds , represented by noradrena line. It had become axiomatic
that a competitive inhibitor by implication should act ivate the enzyme on preincubation of
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mitoc hondria w i th  lower concen t ra tion  of the com pound. While f i rm binding of the ef fe ’c tor  to
the enzyme protein — by imp licat ion a t  t he “a c t i v e  s i t e ” — is i nd i ca te d , it is dL ff icult to v isual ize
how the enhanced catal yt ic a c t i v i t y could be rea l ized if the active site was blocked. The finding
that act ivat ior .  reauired far less concent ra t ion  than inhibition gave the clue that probabl y not all
the s i tes  are covered  by the e f fec tor .

A common requirement for the ac t i va t i on  is the need for preincubat ion of mitochondria
at higher temperature and w L t h  di f fer ing concentrat ion of the ac t i va to rs  Neither oxidation nor
any other reaction of these compounds seem to occur.  Only phys ica l , temperature-dependent
associat ion of the ligand with the enzv ine  protein appears to be the underly ing feature of the
activation phenomenon.

The detailed structural and kinetic studies of these c lasses  of ac t i va to rs , with one cx-
ample for each, had given valuable insi ghts into the phenomenon. As expected comparison with
these properties helped in a better understanding of the possible cause of act ivat ion under condi-
tions in vivo examined.

Comparative study of ef fec tors:  The fac to rs  that character ize an act ivator  molecule
are: the distance between the twin ionizable oxygens , the fractional charges on the oxygen s,
the concentration of the effector and the time of preincubation required for maximum act ivat ion.
Modification of KM and reversibility on washing gave additional infor’ ation. The act ivated
forms of the enzyme obtained on preincubating mitochondria with the ef lectors exhibited
Michaelian kinetics and gave double reci procal plots which are nearl parallel to that of the
basal form as in the case of experiments with the intact animals described before (Fig. 3) . The
effectors activated the enzyme at low concentrat ions and inhibited, in a cc npet i t ive fashion, at
high concentrations. The binding constant for act ivat ion was lower than that for inhibition.
The exception to this is noradrenaline, the act ivat ion of wh ich was of the “V ”  type wi th Km f o r

suec inate being unaltered. This act ivat ion was slow requiring severa l  minutes at 37’C , w a s

partially reversible after washing indicating st rong binding, and required higher than physio-
logical concentrat ions of the act ivator .  The known presence  of monoamine oxidase on the mito-
c hondr ial outer membrane may exp lain the requirement of high concent ra t ion  of this amine . A
degradation product of the amine may be the true ac t i va to r  as a lag was observed in the ac t iva -
tion by noradrenaline. Search for other dih ydroxyphenyl der iva t ives  as potential ac t i va to rs
s i n gled out dihydroxy benzoate for this purpose .

The act ivators have one si gnificant common feature, They possess two ionizable oxygens
separated by a distance of 5.5 j 0.8 A (Fig. 4) and having fract ional  charges in the range of

4 OIl 4?31 001 .0,1

MALONATE PV ROPHOSP$I ATE oulNoL succisArE NiTPOpHFsOi.

FIg. 4 Three dimensional view of the ef fectors  dep icting the twin ionizable
oxygen. (

~~i 
- 0? ) arranged vert ically in  a p lane along the scale

indicated. The 0-0 distances are shown for each ef fector .
Hydrogen atoms are omitted. 
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0.26 to -0.74 e. The common twin-oxygen feature of the substrate and the effectors f i rst gave
a rational exp lanation of the diversit y of the compounds and suggested the presence of corres-
ponding counter charges in the binding domain, conjectured to be lys ines held on a-helix to fit
the distance and charges. The competitive nature of effectors with the substrate for inhibition
further indicated the close structural resemblance of the activation and catalyt ic sites’.

The comparative stud y of the properties of the effectors is given in Table I.

Comparative stud y of t issues: The foregoing studies were carried out with liver tissue.
It was of interest to study the general phenomenon of activation of succinate dehydrogenase in
other t issues under conditions in vitro and the response to environmental stress . These studie s
showed act ivat ion of isolated mitochondria on incubation with different effectors and the proper-
t ies paralle led that of the liver with some notable differences. However, the in vivo responses
are specif ic to the liver. These results are summarized in Table 2.

Comments on the mechanism of activation: The important aspect to consider is that
the low-activity protein binds to substrate , or some analogues with twin oxygens, and the con-
formation is modified with concomitant increase in catalyt ic activity. Therefore there are two
processes - the activation and the catalysis both influenced by the substrate. A ping pong
mechanism is to be considered where parallel double reciprocal plots are obtained. But this
mechanism requires two substrates and two products with the second substrate being added
after the first product is released. This being not the case , the activated enzyme must be con-
sidered to represent a different form of enzyme and doe s not osci llate between two or more
stable forms during the reaction as required in the ping- pong mechanism.

The classical Michaeiian kinetics and negative co-operativity are characteristic of half -
of- the-si tes reactivity in which two identical protomers participate in a flip-flop sty le each0
interacting with the substrate. Both “activation” and “catalytic ” sites use succinate albeit the
catal ytic site, more specifically. Compounds that compete with substrate for the catalytic site
also interact at the activation site. These observations point out that the two sites , if not
identical, must have common structural features. The enzyme, succinate dehydrogenase, is

known to be a dimer and it is possible that the first site acts as the “activation site 5 inducing
the second one to assume the catalytic role. Interaction of succinate at the active Bite increased
KM implying a kind of negative co-operativity. Both sites are interacting with the substrate
competitors. At low concentration activation is obtained and at high concentration wherein both
sites are blocked, the enzyme activi ty is inhibited. The reaction is illustrated below:

E -P E E +S E A EA EA +S EA EA EA
I i— ~~~

- I ~~
— I —p —+ I —p -

~~ 
-

~~ I
E EP ES E E +E ~ES ~EP ~E

— Basal form Activated form 
- -

A Activator E Enzyme
S Substrate +E Activated enzyme
P Produc t Enzyme is shown in dimeric

form

A strong possibility exists that this enzyme has half-of-the-sites reactivity proof for
which requires the evidence of existence of the various enzyme forms. Hali-of- the-sites
reactiv i ty  is being increasingly recognized for a number of enzymes having subunit structure
and Michaelian kinetics . The additional properties of negative co-op -ativity, para llel double
rec i procal plots and activation by lower concentration of competitive inhibitors, hopefully, may
become accep tab le criteria for this mechanism. An enzyme with this mechanism possesses  a
subt le regulatory potential whereb y the active form of the enzyme is rap idly obtained on arrival
of the substrate and it reverts to a dormant form after exhaustion of the substrate without re-
course to energet ical ly expensive protein turnover. 
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CATABOLISM OF AROMATIC AMINO ACIDS

Increased supp ly of carbon pool to meet the energy demands under conditions of env iron-
mental stress seem to be occurring by the action of hormonal interplay. Catabolism of aro-
matic amino acids, subject to control by cortisol and noradrenaline, the Iwo stress hormones ”,
seems to prov ide a reflection of this condition indicating increased gluconeogenesis. The
importance of tyros ine and tryptophan is enhanced in view of their precursor role for the neuro-
hormones noradrenaline and Serotonin. The concentration of these amino acids in the pool and
the hormones will regulate the flow of these into various metabolic routes schematically repre-
sented in Fig. 5.

PH EN Y LALANIN E

Pheny lalanlne IHydroxy lase

NORADRENALINE . - -  DOPA .— TYROSIN E -.~. PROTEfl~iS 4— TRYPTOPH AN —+ 5-HYDROXY —~~ SERO TONIN
TRYPTOPHAN

Tyro u ine 2 3 Tryp tophan
Aminotran sfe ra se 1 4 pyrro lase

p-HYDROXYPHENY L P YR UVAT E N-FO R MYL I ’CYNUR EN INE/
CARBON POOL.

Fig. 5 Metabolic Routes of Tryptophan and Tyrosine

The enzymes tyros ine aminotransferase (I) and tryptop han pyrrola s e (2) are the degra-
dative enzymes and are known to be under contro l of corticosteroids. The catabolism of pheny l-
a lanine is effected by converting it to tyrosi ne by the hepatic enzy me pheny la lanine hydroxy lase
(3), now shown to be under control by cort isol. The two conditions employed were cold exposure
and hypobaria. The enzymes increased in a time-de pendent fashion and seem to be regulated
by the stress hormones acting in some cases via the adrenergic receptors .

Nature of induction in cold exposure: When rats were exposed to cold (0-5°C), the
activit ies of hepatic tyro s ine am inotransferase and tryptop han pyrrolase increa Sed rap idl y and
reached a maximum of 3-fo ld in 8 hr. On continued exposure upto 48 hr stress , the activity
part ly decreased but remained at a level higher than control (Fig. 6). Withdrawal from the cold
stress reversed the change. A temperature lowering of 7-9°C from ambient was s ufficient to
show significant increase in the enzyme activity during cold s t ress  indic ating a possible involve-
ment of cort icosteroids and de novo protein synthesis. Treatment with drugs known to block
autonomic nervous system fai led to inhibit the cold-induced increase in enzyme activities. The
resu lts suggest that the increase in enzymes is mediated by cor t icos t eroids and not by e ither
indo lealk y lamines or auto nomic nervous system. The changes in the enzy mes under cold st ress
wit h respect to the overshoot phenomenon, relations hi p to the degree of s t ress and reversibility
on wit hdrawal from the s t ress  indicate the ‘4 adaptate~C nature of the res pons e.

Differential Inhibition of Try ptop han Pyrro lase by Noradrenaline:

One puzzling observation in the time study shown above remains to be explained. The
decrease in pyrro lase after reaching the peak is In striking contrast to the tyros ine amino-
tran s ferase . Both enzymes are known to be induced by cort isol, and In co ld exposure the circu-
laling cort i costeroids continue to remain high during the entire exper imental per iod of 48 hr .
The specific decrease of py r ro lase notwithstanding hi gh cort i costero ids is shown to be due to
nora drena line which was found to inhibit the cort iao l- rned lat ed increase In py rrola se , but not
atn inotransfera s e , at 3 hr i experimental per iod. This effect is specific to pyrrolase and to
that induced by cort isol *nd not by t ryp tophan. Glucose , growt h hormone and adrenaline inhibit

—~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~, ‘--. - ‘ .-- ..—.-~ - ~~~~~~~~~~ . ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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Fig. 6 Changes in catabolic enzymes of tyrosine and tryptophan in cold exposure

both enzymes. A large number of compounds and hormones r ested were ineffective: serotonin,
5-hydroxytryptophan, dihydroxyphenylserine, FSH, LH, TSH, prolactin, glucagon, acety l-
choline and coichicine. The noradrenaline effect is not by increas ing endogenous competitive
steroids. Only the a-adrenergic blocking agents, not the ~3-type, showed the capacity to reverse
the inhibition and the a-agonists potentiated the effect of noradrenaline. The finding of mediation
via a-receptors in the action of noradrena line is interesting, yet it does not give any clue on
how the inhibition is obtained. The ~~- receptor action is generall y, assoc iated with adeny l
cyc lase - cyclic AMP system. Participation of cyclic AMP in this case is ruled out. The

• events occurring after the interaction of noradrenaline with a-receptor and the stage at which
the induction of this enzyme is specificall y interfered remains to be elucidated.

Multip le effects of Noradrenaline: In this laboratory three systems have been studied
for the effec t s of noradrena line - the cytosolic enzyme tryptophan pyrrolase, the mitochondrial
succ inate dehydrogenase and the microsomal 3-hydroxy-3-methyl gultaryl (HMG)CoA reductase.
The responses of these to the s t ress hormones are different as summarized in Table 3. The
most striking lnform ttion that emerged from these studies is that the unique cyclic AMP-
mediation for hormone action Is not the only mechanism and that noradrenalirt e, in some, yet
unexplained fashion, functions within the cytosol to evoke its res ponse s as In the case of cortisol.

Low pressure stress on aromatic amino acid catabolism: Qn exposure of rats to low
atmospheric pressure the activities of tryosine aminotransferase and tryptophan pyrrolase
increased after 9-12 hr. An environmental pressure decrease of about 0.5 atmosphere is

t needed for this change. Adrenalectomy completely abolished this change, as also treatment
with inhibitors of protein systhesis. On continued exposure, phenylalanine hydroxy lase In-
c reased by about 50% at 24 hr. Concomitant increase, In Incorporation of labelled leucine Into
prote in also occurred (Ft g. 7 ) .  Both effects were abolished on treatment with cycloheximide
at the begInning or during the hypobaric exposure showing thereby that proteins synthesized
de novo in the early phase of the stress are needed for the Increase of this enzyme at a later
sta~~~~~The effect was traced to cortisol in view of the absence of the effect on young animals
deprived of their pituitary-adrenal axis and also In adrenalectom ized animals. It Is confirmed
that large doses of exogenous cortisol increased the enzyme, but 24 hr after the treatment and
decreases thereafter. The effect Is specific to cortlcosteroids. Further experiments showed
that in regenerating liver after partial hepatectomy a decrease of this enzyme by about 50%

----- .- .
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Table 3. Multiple Effects of Noradrenaline

Tryptophan Succinate HMCCoA
py rrolase dehydrogenase reductase

Cell location Cytosol Mitochondria Microsomes

Metabolic role Catabolism of Part of Krebs Anabolic, key step
tryptophan cycle and in cholesterol bio-

electron genesis
transport

Cortisol effect Induced No effect No effect

Noradrenaline effect Cortisol Increased Increased
induction
inhibited

Receptor for noradrenaline a-receptor n_receptor non a-, non~-
effect

Dihydroxyphenyl serirte No effect Increased Increased
(produces noradrenaline
in cytosol)

400 -

TYROSINE
AM~NOTRANSFERASE

~~300 - 
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FIg. 7 Changes In enzymes of catabolism of aromatic amino acids on
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was ..und which could be reversed by treatment w ith cortisol but not with noradrenaline or
growth hormone. These experiments provided novel examples of increase and decrease of
phenylalanlne hydrox ylase in intact animals and it is hoped will lead to further understanding
of the mechanism of modulation of this enzyme important in pheny lketonuria.

MODIFICATIONS OF DRUG ACTION

Standardization of drug action is normally carried out at ambient conditions. As a result
of drug action in combination with simultaneous Stress conditions the body temperature may be
changed and with it, the activit ies and stimulation of enzymes. A changed metabolism due to
superposed environmental stress would alter the action of the drugs themselves. The use of
prote in synthesis inhibitors in animal experiments has become routine. The experiments
described below show that caution is necessary in interpreting such results wherein additional
variables of environment are Involved.

Enzyme induction by a drug: Diethoxycarbonyldlhydroxycollidine (DDC) is a drug
we ll-known for its induction of 6-aminolevulinate (ALA) synthetase. While the s t r e s s  condi-
t ions of hypobaria, hypoxia and cold did not alter this enzyme, its induction by DDC was inhibIted
when rats were simultaneously exposed to hypobaria or hypoxia but not cold. A period of 12-24
hr pre_ exposure to hypobaria gave maximum inhibition which was reversed 12 hr after with-
drawal to ambient pressure. The possible alteration of endogenous adenine nucleotides (but not
cortiso l) seem to be the cause, since treatment with AT? or cyclicAM? produced similar inhi-
bition.

Drugs and body temperature under cold stress: Inhibitors of protein s ynthesis ,
notably cyc loheximide, and co lchicine. a microtubular disruptive agent, are hypothermic in
intact rats exposed to co ld. A gents that stimulate or inhibit preferentially the a-adrenergic
receptors, are markedly hypothermic emphasising the recently discovered involvement of these
receptors In thermogenesis . Among the compounds with marginal or little effect are: a-block-
ing agents, cholinergic agonists and antagonists, ouabain, Inhibitors of L-aromatic amino acid
decarboxylase, and AT?. Induction of tryptophan pyrrolase by cort lso l correlated with body
temperature under conditions of hypothermia as obtained above. Some preliminary experiments
indicate that, under certain conditions, noradrenaline, serotonin or AT? can reverse the drug-
induced hypothermia under cold exposure .

Reversal of lethal action of Actinomycin D: The use of actinomycin D as an. Inhibitor
of transcriptional process has been well accepted. Most of the experiments reported in litera-
ture are usuall y done in short periods. Normally it is expected that the drug will be metabolized
and removed and the inhibition released. This does happen with cycloheximide with restoration
of protein synthesis by about 12 hr. It was of part icular Interest to observe that the group of
actinomycin D-treated rats kept at ambient pressure showed signs of distress , moved very
little and only 2/6 survIved at 24 hr period. The group of actinomycin D-treated animals kept
under hypobarlc conditions behaved similar to the corresponding group without the drug, and
all these animals survived the 24 hr. period of stress.  Thus, hypobar ic exposure prevented
the mortality caused by the drug - a noteworthy observation of alteration of potency of a drug
under environmental s t ress.

MODELS AND THEORIES

Interrelationship of food, nutrition and environment: In a seminar on “Science In the
Service of Basic Human Needs” organised by ICSU Committee on Science and Technology for
Developing Countries (COSTED), a model on this title had been presented , based on the experi-
mental thome s carried out in this project. It is instructive to note that the developing countries
are approximately bounded by the north and south isotherms of 20 C. This region has hotter
c limate but accounts for poor productivity. Yields of crops should be higher but for the simul-
taneous increase of pest.. Environmental temperature affects y ields of milk and butterfat In
catt le. Ironically population growth is high In these regions where every other productivity Is
low. The animal cell needs nutrition to provide energy and to supply essential compounds.
These are  used by a myr iad of reactions to generate usable form of energy, ATP and releasing
half the energy as heat. This ref lects the efficiency of the energy transformations and is not

~ 
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wasteful since the heat released is used to keep body temperature in homeotherms or endo-
therms. In cold exposure the heat is greater and is to be compensated by enhanced therrno-
genes is . It also leads to increased nitrogen loss and calls for higher protein. No information
is available on this protein requirement in natural cold environment. On the other hand, in
hot climate the calorie requirement is lowered and the nitrogen loss through sweat reaches
significant proportion. The protein study group of FAO/WHO could not arrive at any conclusion
on the protein needs under changed environmental temperature. On continued exposure the
organism adapts to the imposed environmental st ress by altering the whole panorama of rne ta-
bolic networks with the ultimate aim of fitting the organism to the environment and nutrition.
This is schematically represented in Fig. 8.

ENVIRONMENTAL, STRESS

ENZ~~~~~ HORM NES

NUTRITION £ N E R G V • CHEMICALS

GROWTH TH ERMOGENESr~J

SOCIAL STRESS

Fig. 8 Interrelationship of organism and environment

Hierarchical Modelling of Acclimatory Processes: The term acclimation has been
used with several connotations in the f i e ld of acclirnatory physiology. Acclimation can be de-
fined as cumulative experience gained by the organism when subjected to a step change of a
variable in the environment. Experimental observations showed that the changes obtained
initially revert to basal and tend to stabilize at another steady state. Hierarchical systems
theory of Mesarov ic facilitates modelling of such comp lex system as in cold acclimation. In
rats exposed to co ld three major responses are observed - shivering and an increase in meta-
bolic rats rate occur almost immediately; shivering progressively diminishes while metabolic
rate continues to remain high due to non-shivering thermogenesis mediated via sympathetic
nervous system; a decrease in metabolic rate at a late stage along with an increase in Insu-
lation to heat loss. The model proposes two major feedbac k loops. The environmental tempe-
rature and ethological inputs do disturb the thermoregulatory system which may be cor rected
by the control of heat generation subscribing to thermogenesis via the inner feedback loop.
When the disturbances are large the outer feedback loop becomes operative and interacts
suttab ly with the inner loop. In the hierarchical systems theory the intimal unit consists of
the inner feedback loop and the heat generation and dissipation mec hanisms. The supremal
unit consists of the outer feedback loop becoming operational when the stress reaches a thre-
shold value. Activation of specific neural pathways via the hypothalamus leads to neurohumoral
signals as intervention inputs come from the supremal unit to the lnfimal unit. This model
brings out the composite action within and between the various levels of organization in the
process of acclimation to environmental changes.

Chemical Thermogenesis: In cotd exposure the following features express themselves:
increase d demand of foodst ui f , increased oxygen upta ke , no i r revers ib le uncoup ling of oxidative
phosp horyla t lon , no damage to res p ir atory control , no increase in net AT? production , in-
crease d flux of electrons with energy being released as heat. Different t i ssues  may res pond
d ifferen tl y and contr ibute to the over all heat bud get. With respect to the liver the following

_ _ _ _ _ _ _ _ _ _  -- .——~~~~~~~~~ -. -~~~~~~~~~- .— ~--.-.—-- .-. .. . .
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model is suggested, based on the propert ies of succinate dehydrogenase and its regulation by
the redox status of ubiquinone .

1. Ubiquinone increases at the appropriate site of succinate dehydrogenase for acti-
vating the shunt pathway, represented by NT- reductase , aid acts as a bypass uf
e lectrons.

2. A pool of ubiquinone in the membrane becomes reduced and th is activates succinate
dehydrogenase. Re lative occupancy of the electron transport chain by succinate
competes with and decreases oxidation of NADH.

3. Oxidation of NADH may then occur by the shunt pathway represented by NT-reductase.
Additional NADH may also be transported out of mitochondria for oxidation.

4. Alternate pathways of tapping electrons from dehydrogenases or by transferring
reducing equivalents to oxidases in peroxisomes or n-iicrosomes yield H202. Being
cytotoxic H202 is destroyed by cata lase preaent in mitochondria and peroxisomes .
This being an exergonic reaction releases heat. In the model shown in Fig. 8, ubi-
quinone plays a centra l role by providing a shunt pat hway for succinate dehydrogenase,
by regulating the utilization of succinate and NADH and acting as a pool for trans-
ferring reducing power to other particulates. In this process , ubiquinone may act
as a switch. It is conjectured that ubiquinol-H2O~ -cata lase system may turn out to
be an universal mechanism for all the thermogenic cells (FA’g. 9).
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Fig. 9 A Model for Chemical Thermogenesis

n-H Pathways and functions of Proteins: A close examination of o-helix t eveat s  that
the intra-c hain hydrogen bonds themselves form interesting repeating sequences superimposed
on the peptide helix . Each peptide group in the he lix can be viewed as being held between two
a-carbons and linked to another through a h y drogen bond. This structural feat u re provides a
continuous helical sequence of alternating peptide groups and hydrogen bonds (. . HN~~ C..O . .
HN. .C . .O. .)  with the se nse of winding opposite that of peptide helix. This intrinsic structural
feature is ca lled “ supra helix ” (Fig. 10).

In the theoretical calculations of delocalization of n-electrons of peptide bond across  a
hydrogen bond, the energy gap of about 3 eV or higher between the highest filled and lo’.iest
empty bands was obtained. It is now c lear that de loca lizat ion of n-electron in the suprahelix

~ 
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Fig. 10 Suprahelix : Schematic diagram showing one of the three suprahelical
sequences of hydrogen bonds winding in t he opposite sense of a-helix
(14=6 , D= 4 .SA , P 27 A).

described above is not possible. In ot her words , semiconduction in polypept ide structure
seems remote . U is instructive to note the life cycle of a migrating electron in biological
systems - it originates from oxygen of water during photolysis in chlorop lasts , travels through
a variety of ce ll components and structures and returns to oxygen during resp iration in mito-
chondria. The electron, therefore, is extraneous to the protein structure.  Using an extraneous
electron, calculations of molecular orbitals showed that the entering electron is delocalized in
the hydrogen-bonded peptide units with individuality of each unit being lost . Derivative to this
is the possibility of electronic conductivities being hi gher in sections than the whole protein as
now measured. Should this prove feasible, an extraneous e lectron can migrate within Sections
of polypeptide s ructures w here such interlinked n-electron systems and hydrogen bonds exist .

In addition to the pep tide units, delocalized n-electron systems are present in some side
chains of proteins. Of these tyrosine, tryptophan, histidine, acid groups of asparagine and
glutamine and guanido groups of arg inine, the nitrogens of amino groups of lysine, glutamine
and asparag ine and the oxygens of hy droxyl groups of serine and threonine form hydrogen bonds.
The hydrophobic interior of the globular proteins protect and aid formation of significant hydro-
gen bonding. The combined networks of these interconnected hydrogen bonds and n-electron
systems obtained in proteins are referred as ‘n-H pathways”. It is coincidence that the n- H
pathways are built and dependent upon the four principal Structural features of enzyme proteins
- peptide bonds, hydrogen bonds, side-chains and globular fold.

Energy has to be put in to break the hydrogen bonds and when these reform the native
structure the energy is released as heat. In the thermogenic reaction the ultimate process of
heat product ion may involve similar reversible break of n-H pathways .

All enzyme reactions are essentially group transfer processes involving redistribution
of electrons between atoms . It is conjectured that the active s i te amino acids, after binding to
the substrate may also serve the purpose of extract ion of an electron from the donor atom, of
the bond to be split. This electron may then be held within the polypeptide framework and be
transferred to another site with little loss of energy using suitable n-H pathways character ist ic
of eac h enzyme. This model would explain  m a n y  features of protein functions , and foremost
of all the indispensable need of the bulk of proteins . Hydrogen bonds form the basic foundations
of life process , in water structure, and in keep ing fide lity, storage , and transfer of genetic
information. This innate structural feature of hydrogen bonding may indeed become vital in
prote in functions.
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Title of the talk Date Symposium /University

I, Try ptoph an metaboli sm under hypobaric Se pt .2 1 . 1971 Universi t y of Liverpool , Liverpool , U. K.
con di t ton ~ .

2 . Suc ci nate oxidation under hypobaric Sept.22 . 1971 Universit y of Warw ick , Coventry, U. K.
con ditions. 

. -
3 . Modification of s ucc i nat e deh ydrogenase Dec. 1, 197 1 “ S ympo s ium on Environmental Biochem istry ”

under hypobar t c and hyp ox ic condition ,. Golden Jubilee meeting s of the Department of
Biochemi stry. I. I. Sc., Banga lore.

4 . Research on Env ironmental Stress Jan. 3, 1972 Central Public Health Eng ineeri ng Research
Institute (CSIR), Nagpur .

5. Environmental Biochemistry Feb. 12, 1972 “Symposium on Biology ” , Biological Society of
Trichy.  Tetchy.

6. Life processes under extreme environ- May 4, 1 972 Indian Institute of World Cult ure , Banga lo re
menta l conditions

7. Modification of auccinate dehy drogen ase June 27. 1972 Babha Atomic Research Centre , Bom bay
under environmental s t res s

8. Modificatio n of succ inate dehy drogenase Oct. 11 , 1972 V. P. Cheat Institute , University of Delh i. Delhi
under environmental s t ress

9. Rypoxic act ivat ion of s ucc inate dehy dro. Oct. 12 . 1972 AU India Institute of Medical Sciences , New Delhi
genase

10. Decrease in the ind uction of S-amino - Nov.20 . 1972 Society of Biolo gical Chemi sts , Annual Meetings ,
lev u linate •y ntheta se under hypob aria Pantoagar

Ii . Modif ication of s uccinate dehy drogenase Nov.24 , 1972 Society of Biological Chemists , Madras
under hypoxia. -

12. Modificat ion of su cc inate dehy d rogena se Dec. 18, 197Z Punjab University, Chandigarh
under environmen t a l st ress

13. Tryptop han metabolism under hypobaria Dec. 19, 1972 Punjab University, Chandi garh
14. Multip le control of cellular oxidation by Feb. 12 , 1973 Syn.~,osium on “ Contro l Mechant ima in Cellular

ubiqu .no ne Processes ” . BARC , Bombay
15. Activation of succ i nate dehy drogenase April 10, 1973 Biochemical Societ y Sym pos ium, I. I. Sc .,

Banga lore
16. Env i ronmenta l S t r ess  and Biochemic al June 29, 1973 Summer Institute in Biosciences . 1. 1. Sc..

Adap ta t io n Banga lore
17 . Modi f ication of succinate dehy drogenase in Jul y 7, 1973 Biochemical Society Symposium , r. I. Sc..

response to environmenta l s t re s s  con- Banga lere
dit i on s o f hypobaria and hypoxia

1 8. Mechanism of induction of tyrosine amin o- Jul y 7, 1973 Biochemical Society Symposium , I. I. Sc ..
tra ns f eras e in cold Banga lor e

1 9. Enzyme modif ication in adaptation (th eme July 7, 1973 Biochemical Society Symposium , 1. 1. Sc.,
ta lk) Banga lore

20. A molecular mechanism of thermogen es is Au g.20 , 1973 Osm anta University, Hy derabad
Z I. Act iva t ion  constant for environmental Oct. 13 , 1973 Biochemical Societ y Symposium, I. I.Sc .,

s t r es s  Ban gal ore
22 . Mechanism of induction of tryptophan Nov . 1, 197 3 Society of Biological Chemists (Indi a). Annua l

py rro las e in cold expo s ure Meetin gs , Mysore
2 3. Regulat ion of t h ermog ene is by modifications Dec. l3~ 1973 International Symposium on Biomembran es ,

of succin ate dehy drogenase Madurai
24. Regulation of su rc inate dehy drogenase Feb.10, 1974 Gobs Research  Conference , Mahabaleshwar
25. Env ironment al St re is  and Biochemical Feb. 2 5/26. 1974 S. N. Medical Col lege . Agra

Adapata t i ons (2 lectures)
26. S~prahel ix Mar .5 , 1974 Molecular Biophysics Unit . I. I. Sc ., Banga lore
27. Biolog Ica l Rhythms Aug. 30, 1974 The Bio logical Society, ‘fi ruc hirapa ll i
2$. Modulat ion of steroidm ediated Induction

of he patic enzymes by nor adren eegt e Oct. 20-26 , 1974 Intern atIon al Congress of Phys io logy, New Delhi
ne rvous sys tem in cold exposure

29. Enzym es of t y ros i ne metabolism under Nov. 1-3 , 1974 Society of Biological Chemists (India), Annual
conditions o f environmental s t ress  Meetings , Ludh iana

30. Hierarchical regulat ion of t ry ptop han Nov. 1-3 , 1974 SocIet y of Biolo gic&l Chemists (India), Annual
meta bolism in cold exposure Meetings , Lud itta na

3 1 . Multip le hormonal regulation of rat liver Dec. 13, 1974 BIochemical Society Symposium . 1. 1. Sc . ,
tryptophan 2, 3-dioxyg e nase Barigalore

32. A mul t icha nnel te lethermometer for Jan. 31—Feb. 1, All India Semlns r on ‘Technological Progress of
physiological studies of thermo reg ulation 1975 InstrumentatIo n ” , Madras
In exper imenta l animals

33. Res ponse of tyro s ine amino t ransfe rase Feb. 15, 1975 Biochemical Soc iety Symposium . I. I.Sc.,
and phenylala nine in liver of ra in Banga lore
eXpOs ed to hypobar ic hypox ia

34. Electron trans port In pol yp ept ide structures Feb.26 , 1975 Cuba Rese arch  Conference , Mysore
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Sympos ia/Seminars (contd. )
Tit l. of th . talk Date Symposium /Un iversity

35. ProteIn synthesis In adaptation to s i rens Mar. 2-$, 1975 Symposium on ge netIcs end d.vel.pment,
Msbabaleshw ar

36. HierarchIc al basis of acclimation processes May 1975 Symposium on Mathematic al Models Ia Biology.
- a mathemat ical model for acc llma tory Bandipur National Park

37. Hypobarlc stress and enzymes In the July 27.30, International Symposium on ‘Catecholamines and
metabolism of tyros ln e 1975 Stress ” , Brs t Lsla v a, Csscho s lova k ia

38. InformatIon processing in liv ing ceils Aug . 8-9. 1975 BIochemical Society SymposIum, 1.1. Sc. ,
Banga lore

39. Biocat alys is - Unique design of enzym e Nov.8 , 1975 Sympos Ium on catalysis , Indian Academy of
proteins Sciences, Nagpur

40. Enzyme changes and nutritional require_ Dec. 8-10, 1975 SymposIum on 5Nutrit,o n under environmen~~l
mente under env ironmental s t ress s $res. ’, Defence Food Research Laboratory,

Mysore
41 . A nove l theory on cata lys is by proteins Jan. 9, 1976 50th BIochemical Societ y SymposIum .. 1. 1. Sc.,

Banga lore
42. Secondar y structure of enzyme proteins Mar. 9, 1976 Cuba Research Conference . Chorw ad, Cujarat
43. Molecul ar basis of th ermogenee ls July 13, 1976 Symposium on Bioenerget lce , Gos
44. Energy transformations .in biosystems July 13, 1976 Symposium on Biogene tfas . Goa

(Theme talk)
45. Inter-relations hip of food, nutrition and Aug.11 . 1976 A COSPED Seminar  on “ Science In the service of

env ironment basic human needs 5, Hyderabad
46. Effect of environmental s t ress of cold and Sept. 16, 1976 Inter nation sl Symposium on Coenzyme 0. Lake

hypobaria on Coensym e 0 metabolism Yamanaka , Japan
and Coenayme 0 dependent Reactions

47. A theor y of catal ys is  by proteins Sep t .22 . 1976 UniversIty of Toyama , Toyama , Japan
48. Regulation of pheny lalan ine hydroxy lase Sept.24 . 1916 University of Kyoto , Kyoto. Japan
49. Food, nutrition and envIronment Nov. 4, 1916 ASHA-COSTED seminar on Science and Human

Development , Bangatore
50. A model for chemical thermo genesis Dec.11 , 1916 Symposium on “Vitam in and carri er functions of

regulated by ubiqu lnone polyprenoids ” , Beagalore
51 . Thermogenesis Dec. 17 , 1976 UniversIty of Allahabad, Altahabad
52. Adaptation to stress Dec.20 , 1976 Banaras Hindu Univers ity, Varanasi
53. Modulation of eucc inate deby drogen ase Dec . 28 , 1976 Indian Institut e of Experimental Medicine, Calcutta
54. Theory of protein catalysis Dec. 30, 1976 Bose Institute . CalcuUa
55. Modulation of succi nate dehydrogen ase Jan. 19, 1977 J . N. University, Delhi
56. Secondar y structure in protein functions Jan. 20, 1977 J. N. University, Delhi
57. A theory on protein cataly sI s Jan.21 , 1977 Delhi University . Delh i
58. Multi ple effects of noradr enali ne on hepatic Mar. 1, 1977 International seminar on “Stress in Health and

ensym es Disease ” , Varanas i
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PUBLICATIONS

1. On the specificity of activat ion of mitochondrial succinate dehydrogenase by ubiquinone
L. Susheela and T. Ramasarma
Biochem. Biophys. Res . Communs. (U. S. A.), 46, 20 87-2092 (1972)

2. Differential alteration of enzymes under hypobaria and hypoxia
L. Susheela, A. R. Inamdar and T. Ramasarma
FEBS letters (T he Netherlands), 25 , 295—297

3 . Nature of the activation of succinate dehydrogenase by various effectors and in hypobaria
and hypoxia

L. Suaheela and T. Ramasarma
Biochern. Biophys. Acta (The Netherlands), 292, 50- 63 (1973)

4. Modulation of succinate dehydrogenase in response to environmental st ress conditions of
hypobaria and hypoxia

L. Susheela and T. Ramasarma
Biochem. Biophys . Acta (The Netherlands), 321, 423-436  (1973)

5. Induction of &-aminolevulinate synthetase under environmental s t r e s s  conditions
E. Amruthavalli and T. Ramasarma
Biochem. J. (U. K.) ,  136 , 1091-1096 (1973)

6. Multiple control of cellular oxidations by ubiquinone
L. Susheela and T. Ramasarma
Proceedings of the symposium on “Contro l Mechanisms in Cellular Processes ”, Bhabha

Atomic Research Centre, Bombay. 1973; PubLished by the Department of Atomic
Energy, Government of India, pp.4l5-424 .

7. Mechanism of induction of tyrosine transminase during cold exposure
M. A. A. Namboodirj and T. Ramasarma
Environ. Physiol. Biochern . (Denmark), 3, 255-262 (1973)

8. SuprahelicaL arrangement of hydrogen bonds in peptide helices
T. Ramasarrn a and M. Vijayan
FEBS let ters  (The Netherlands), 41, 307-309 (1974)

9. A mechanism of thermogenesis by modification of succinate dehydro ge n a s e
T. Ramasarma and L. Susheela
Biomembranes: Arch i tec ture, Biogenesis, Bioenergetics and Differentiation , ed.

L. Packer , Proceedings of International Symposium on Biornembranes , Madurai,
India, 1973 , Academic Press , N. Y., 1974, pp. 26 1-278.

10. Inhibition of cor t isol-mediated induction of hepatic tryptophan 2, 3-dioxygenase by
norepinephrine

V . Sitarsi-nam and T . Ramasarma
Biochem. Biophys.  Res .  Conimuns . (U. S. A.). 59, 578-583 (1974)

11. Nature of induction of t ryp tophart pyr ro lase in cold exposure
V . Sitararriam and T. Rarnasarma
J. AppI. Physiology (U. S. A.), 38 , 245-249, 1975.

12. Oxidatwri  of s ucc inate  dehydrogenase in heart, brain and kidney initochondria in hypo-
baria and hypoxia

S. Siva ramakr ishnan and T. Ramasarma
Environ. Physiol. Biochem. (Denmark), 5, 189-201 (1975)

13. Inhibitory action of novepinephrine on the induction of tryptophari 2, 3-dioxygenase by
curttso l :  mediation by the s- receptor

V. Sitaramam and T. Ramasarma
Life Sc iences  (U. S.A.) ,  16 , 1387- 1392 (1975)
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14. Ef fect  of environmenta l s t ress  of low pressure  on tyrosine aminotransfe rase and pheny l-
alanine 4-hydroxy lase ac t i v i t i es  in the rat

NI. A . A. Namboodiri and T. Ramasarma
Biochem. J. (U. K.), 150, 263-268 (1975)

15. Hypobaric S t ress  and enzymes in the metabolism of ty ros ine , the precursor  of catec hol-
amine S

M. A. A. Namboodiri , S. p. Bhat and T. Earnasarma
“Catecholamines and Stress ”, ed. Usdin and E. Kvetnansk y, Proceedings of the Symposium

on Catecholamir ies and Stress , Bratislava, Checkoslovakia , 1975 , pergamon Press ,
N.Y.  197 6, pp. 213 -224

16. StructuraL and kinetic studies on the activa tors of succir late deh ydrogenase
L. Susheela, K. Venka tesan and T. Ramasarma
Biochem. Biophys.  A d a  (The Netherlands), 480, 785-788 (1977)

17. Inf luence of some drugs on body temperature and induction of hepatic tryptophan pyrrolase
in animals exposed to cold

V. Sitaramam, Meera Rau and T. Rarnasarma

18. Hierarchical modelling of acclimatory processes
V. Sitaramam and N. J. Rao
J. Theor. Biol. (U.S. A.) in press  (1977)

19. Biocatal ys i s  - Unique Design of Enzyme Proteins
T. Ramasarni a
Proceedings of the Symposium on Catalysis , Nagpur, India, 1975; Proceedings of the

Indian Academy of Sciences , in press (1977)
20. Interrelat ionship of Food, Nutrition and Environment

T. Ramasarma
Proceedings of the Seminar on “Basic Human Needs ” organized by COSTED, ICSU arid

Andhra Pradesh Akademy of Sciences , Hyderabad, V ikas Publishing Co. (India),
pp. 79-91 (1977)

21 . Effect of environmental S t ress  of cold and hypobaria on coenzyme 0 metabolism and
coenzyme 0-dependent reactions

T. Raniasarma and S. Sivaramakrishnan
Biomedical and Clinical Aspects of Coenzyrne 0; ed K. Foikers and Y. Yamamura,

Proceedings of the International Symposium on Coenzyme 0, Japan; Elsevier-North
Holland Publ. (The Amsterdam) 1976 pp. 13 1- 150.

22 . A model for chemical thermogenesis regulated by ubiquinone
T. Rarnasarma and S. Sivaraniakrishnan
Proceedings of the Symposium on “Vitamain and Carrier Functions of Polyprenoids ”

Bangalore , ed. H. R. Cama and P. S. Sastry, S. Krager Publ., Switzerland (in press)
1976

23 . Multiple e f fec ts  of noradrena line on hepatic enzyme s
T. Ramasarma , V. Sitaramam, S. Sivararnakris hnan and Rajan George
Proceedings of the International Seminar on “St ress  in Health and Disease ” . Varanas i ,

in pres s  (1976)

2 4 .  A theory on the migration of an extraneous electron across  hydrogen bonds in polypept ides
A. K. Chan dra , B. S. Sudhindra , M. Vijayan and T. Ramasarrn a
3. Theor. Biol. (U.S. A.), in pr e s s  (1 977)

25. Environmental biochemistry
T. Ramas arma
A chapter in “Text  book of Biochemistry and Human Bio logy ” , ed. G. p. Talwar , Prentice

Hall, New Delhi, (in presa )  1977
26. Enzyme changes and nutritional requirements under environmental S t r e s s

T. Rarnasarrn a, V. Sitaramarn, M. A. A. Namboodiri, S. Sivara makrishnan , S. P. Rhat
and S. R. Panini

Proceedings of the Symposium on “Nutrition under Environmental S t ress ”, Food Stud y
Group of the Commonwealth Defence Scienc e Organization; Defence Food Research
Laboratory , Mysore (1975); in press (1977)
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Manuscripts in preparation/submitted for publication

27. Nature of inhibition b.y noradrenaline of cort isol-mediated induction of hepatic tryptophan
pyrrolase

V. Sitararnam, S. R. Panini, Meera Rau arid T. Ramasarma

28. Act ivat ion of succinate dehydrogenase in brown adipose t issue mitochondria
S. Sivaran-takrishnan and T. Rarnasarma

29. Oxidation of succinate in noradrenaline-treated rats
S. Sivaramakrishnan and T. Ramasarma

30. Act ivat ion of succinate dehydrogenase in isolated mitochondria by noradrenaline
S. Sivarari- iakrishnan and T. Rarnasarma

31 . Regulation of hepatic p h e n y la l a n ine  h y d r o x yl a s e  under conditions of hypobaria, cort isol
treatment and regeneration

M. A. A. Namboodiri, R. Manjuriath, S. P. Bhat and T. Ramasarma

Ph.D. THESES ARISING OUT OF THE WORK

1. L. Susheela: Act ivat ion of succ inate oxidation in response to environmental st res s

2 . M. A. A. Namboodiri: Metabolism of tyros ine under conditions of environmental s t r ess

3. V. Sitararnam: Metabolism of hepatic tryptophan pyrrolase under conditions of environ-
mental stress

4. S. Sivaramakrishnan: Modulation of succinate deh ydrogenase under conditions of environ-
menta l St ress  and treatment with noradrenaline

_ _ _ _



r

ENVIRONMENTAL CHAMBERS

‘0 --

, 
~1$.

. 

. 

. s~ 

- - 
- ,• ‘5

r

HEATING VACUUM REFRIGERATION COMPRESSOR

RANGE 21-70°c RANGE I - O A T M .  RANGE + 2t o - 5 ° c  RANGE -5 AIM

ACCURACY ± 0- 50 °c ACCURACY 5mm Hg ACCU RACY 0 5 °C ACCURaCV 0 1Kg /cm2

HEATING ELEMENT AIR MANOSTAT CONTROl. EVAPORATION ANO INOIV IDUAL COMPRESSOR

CIRCULATION DIFFERENTIAL PUMPING COOt.ANT INSIDE DIFFERENTIAL PUMPING
CHANgER

PANEL 0-80°C PANEL 0-l6OmmPsg PANEL 20 *o-5t PANEL 0- 4 Kgkm 2

k~~~~ . . _ _ _ _ _ _  - _ _ _ - - -- -____ -~~~~ _ _ _ _ _


