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Abstract

The Radiation Biology and Biochemistry Division has been en-
gaged in research in the frontier areas of (i) radiation biology
related to tumour therapy and injury caused by free radicals; (ii)
molecular basis of diseases of physiological origin; (iii) molecular
aspects of chemical carcinogenesis and (iv) structure of genome and
genome related functions.

Significant advances have been made in the field of tumour
therapy using radiation and drugs in combination with hyperthermia
and DNA end labeling has been developed to predict radioresponse of
tumours. Heat killed lactic acid bacteria also show antitumour
properties. At the cellular level, radiation induced membrane
damage implicates free radical reactions and is modulated by dietary
status of animals. A positive correlation is found between radiation
induced pneumonitis and oxidative stress. Using the technique of
electroporation, erythrocyte and liposomes have been exploited
for site directed drug delivery. Singlet oxygen induces single
strand breaks in plasmid DNA and oxidative damage differs during
development, gestation and ageing, and in diabetic and coronary
heart patients. Studies show that lipoate, flavanoids, carotenoids
and curcumin can prevent oxidative damage.

Synthesis of polyglutamyl folates are adversely altered in
experimental diabetes and antiatherogenic role of folic acid has
been investigated in mice as well as in diabetic and hypertensive
individuals. Biochemical mechanism responsible for manifestation of
oxalosis has been elucidated and methods have been standardised to
quantitate urinary oxalate using oxalate oxidase either from banana
peel or beet stem. During differentiation and development proteins
related to extracellular matrix are involved and urokinase type
plasminogen activator activity is enhanced in the differentiating
endometrial stromal cells.

Investigations on chemical carcinogenesis reveal adduct forma-
tion with DNA and interaction of reactive metabolites of carcinogens
with RNAs and proteins. Subsequent molecular events include induc-
tion of poly (ADP-ribose) polymerase, alteration of cell signaling
mechanisms and activation of oncogenes. Vitamins, trace elements,
flavanoids and phenolics antagonize the carcinogenic processes.
Fluorimetric methods to assay urinary pteridines, and DNA unwinding
in leucocytes of patients, have also been developed.

Radioresistant archaebacterial halophiles possess an efficient
DNA repair machinery and the gene for HSP70 in these bacteria has
been cloned. Genomic organization in Cajanus cajan has been studied
by cloning DNA fragments. The DNA replicating enzymes in yeast mito-
chondria have been purified and characterized and nitrogen starva-
tion of yeast is shown to induce a dimorphic transition associated
with a number of Rad group proteins.



RADIOBIOLOGY

Tumour therapy

a. Studies on radiosensitizers. (K.C. George, P. Bendre and

B.B. Singh)

Studies on chlorpromazine, a well known tranquilizing drug

currently undergoing clinical evaluation as a hypoxic cell

radiosensitizer, have shown that the effect of the combined

therapy of chlorpromazine, radiation and hyperthermia on

fibrosarcoma and RIF-1 mouse tumours is markedly less than that

produced by either chlorpromazine plus radiation or heat plus

radiation indicating a significant antagonism by this drug if

administered along with hyperthermia. Micronuclei induction in

tumour cells confirms these findings. The general toxicity of

chlorpromazine is enhanced following hyperthermic treatment at

43°C for 30 min. Hence, the maximum tolerance dose of this

drug for hyperthermic treatment is 2 mg/kg body wt.

b. Antitumor activity of lactic acid bacteria. (G.S. Kaklij and

S.M. Kelkar)

The heat-killed preparation of lactic acid bacteria shows

remarkable antitumor activity against transplantable tumor

models such as fibrosarcoma, sarcbma-180 and Ehrlich ascites

carcinoma. This antitumor activity is mediated through

modulation of immune response involving activation and

proliferation of T-lymphocytes. Further studies have indicated

that host immune response is specific to transplanted tumor.

Attempts are being made to develop the pre-treatment that will

prevent the growth of specific tumor.

Hyperthermia

a. Studies on tumour therapy by hyperthermia (K.C. George, S.

Vartak, T.P.A. Devasagayam and B.B. Singh)

Hyperthermia promises to be an exciting possibility in the

cure of human malignancies. Studies carried out in this

direction have shown that pre-transplantation local

hyperthermia .(4l-43°C, 10-40 min) exerts both direct and
1



abscopal antitumour effects due to stimulation of antitumour

host immune responses such as enhancement of NK cell activity

and production of interleukins. Further investigations on the

mechanism of action of hyperthermia have indicated that

hyperthermia (43°C, 40 min) increases mouse hepatic and muscle

lipid peroxidation and strongly depletes glutathione levels in

liver thereby increasing the formation of reactive oxygen

species and/or decreasing the level of antioxidants which in

turn may trigger peroxidation in cellular membranes.

Interestingly, muscle lipid peroxidation enhances during

retardation of tumour growth.

b. Hyperthermia and radiation protection (M.S. Patil, G.S.

Kaklij and B.B. Singh)

Whole body hyperthermia (WBH) at 40°C for lh has been

suggested to protect mice from lethal doses of 900 cGy total

body gamma-irradiation (TBI). This has been attributed to fast

recovery. of immune response in mice exposed to WBH prior to

irradiation. The local hyperthermia (LH) 2 weeks prior to

tumor transplantation has been shown to inhibit tumor growth,

possibly due to activation of immune response. The treatment

with heat-killed preparation of lactic acid bacteria also

augments the immune response and regresses tumors. In view of

these considerations, studies have been initiated to evaluate

radiation protection by WBH or LH and elucidate the biochemical

mechanisms(s) involved. Preliminary studies show that pre- and

post-irradiation treatments with bacterial preparation as well

as LH do not affect survival of treated mice. However, WBH of

mice, 20-48 hr prior to TBI, enhances survival significantly.

c. Modification of hyperthormic response by dietary fats (K.C.

George, M. Sharma, S. Vartak, T.P.A. Devasagayam and B.B.

Singh)

Lipids are possible agents to modify the therapeutic

effect of hyperthermia. Hence, the influence of dietary

saturated or unsaturated fat supplementation on the growth and

hyperthermic response as well as the development and decay

kinetics of thermotolerance of various mouse tumours has been



examined. The membrane fatty acid profiles of leg muscles and

sarcoma-180 and RIF-1 tumours grown in mice fed unsaturated fat

diet are altered significantly resulting in reduced tumour

growth. In addition, a diet rich in unsaturated fat not only

augments the antitumour effects of local hyperthermia (41-43°C,

40 min) but also enhances the decay of thermotolerance in these

tumours. Further, a high fat diet alone or in combination with

local heat (43°C, 40 min) increases Fe2+ induced hepatic and

muscle lipid peroxidation and strongly depletes glutathione

levels in liver.

d. Studies on chromosomal aberrations. (K.C. George, S. Vartak

and B.B. Singh)

Other related studies show that the frequency of radiation

induced dicentric chromosomes in human peripheral blood

lymphocytes decreases following hyperthermia (37-43°C, 20 min)

indicating that hyperthermia enhances radiation induced

chromosome damage by inhibiting post-irradiation rejoining

chromosome breaks.

e. Predictive assay for tumour radiation response. (R. Rajan

and C.K.K. Nair)

Since the success of radiotherapy in the treatment of

human cancers depends on the sensitivity of the particular

tumour to radiation, suitable predictive assays for tumour

radiation response are essential. The radiosensitivity of a

tumour is directly related to the capacity of the cells to

repair radiation-induced lesions in DNA, A simple assay has

been developed to determine the DNA repair rate in fibrosarcoma

in rats. The technique which is based on the estimation of 5

OH ends in the DNA in the irradiated tumour cells using bacte-

riophage T4 polynucleotide kinase and gamma
 32P-ATP is found to

be simple and rapid and hence suitable for application in

clinical practice.



Irradiation of germinal cells

a. Low dose effects on mouse testes. (R. Rajan and D.

Bhattachar j ee)

Effect of a single adaptive dose of lcGy and multiple low

doses (lcGy for 5 to 10 consecutive days) of gamma rays prior

to a challenge dose of 2 Gy (gamma rays) on DNA synthesis in

mouse testes has been examined. A single adaptive dose does

not significantly alter DNA synthesis in testes following whole

body exposure to the subsequent acute dose. However, multiple

low doses further sensitize the animal to the subsequent

challenge dose.

b, Radioprotection of mouse germinal cells by lithium salt. (R.

Rajan and D. Bhattacharjee)

Mice administered lithium carbonate (40 mg/kg body weight)

prior to whole body exposure of 2,0 Gy gamma rays exhibit

reduced radiation damage in testes as assessed by DNA

synthesis.

Damage of nucleic acids by radiation

a. Repair of gamma-radiation induced DNA strand breaks in

archaebacteria. (C.K.K. Nair, R. Rajagopalan and A. Mukherjee)

The archaebacterium Haloferax mediterranei exhibits high

radiation resistance. The number of radiation induced single

strand breaks in the cellular DNA of H. mediterranei increases

with increasing doses of gamma radiation. Post-irradiation

incubation of the cells in growth medium results in repair of

most of the radiation induced DNA single strand breaks

indicating an efficient DNA repair system.

b. Repair of radiation induced damage in yeast DNA. (N.C.

Verma, G. Datta and K. Dutta) • . •-"

Nitrogen starvation of Saccharomyces cerevisiae induces a

dimorphic transition which results in the formation of

pseudohyphae emanating away from the colony to forage for food.

These biochemical changes have been found to be associated with
4



an induced radioresistance in cells. Yeast strains having

mutation at RAD52 locus do not show this effect. In contrast,

the excision deficient strain rad3 behaves just like the wild

type. . The results suggest that the nitrogen starvation

activates a recombination dependent pathway for the repair of

gamma induced damage in DNA. Studies of frequencies of gene

conversion at trp locus and reverse mutation at ilu locus in

strain D7 suggest that the induced repair is essentially error

free. Protein profiles of S. cerevisiae and a number of its

mutants show the synthesis of a number of Rad group proteins

during nitrogen starvation.

Free radical interactions

a. Molecular mechanisms of oxygen toxicity in relation to

health and disease. (T.P.A. Devasagayam, C.K. Pushpendran, M.

Subramanian, J.P. Kamat and H.D. Sarma)

Our studies show that (i) DNA damage induced by singlet

oxygen is biologically damaging and can be prevented by natural

antioxidants like lipoate, flavonoids, carotenoids and curcumin

from turmeric; (ii) lipid peroxidation in major tissues

significantly differ and tocotrienol from palm oil is an

effective antioxidant; (iii) oxidative damage to vascular

components especially LDL is a better indicator of coronary

heart disease; (iv) radiation induces lipid peroxidation in rat

liver microsomes and curcumin is a good radioprotector and

shows high reactivity with hydroxyl radical as examined by

pulse radiolysis.

b. Biochemical aspects of BMT-related complications in normal

tissues. (R. Rajan and A.K. De)

Bone marrow transplantation (BMT) is widely applied to a

variety of hematological, oncological and genetic disorders and

also in the medical management of nuclear emergencies.

Interstitial pneumonitis (IP) being one of the major causes of

morbidity and mortality after BMT, investigations have been

carried out in a rat model to ascertain the pathogenesis of

this complication. The results indicate a positive correlation
5



between oxidative stress in the lung and the development of IP

as revealed by enhanced levels of lipid peroxidation in lung

mitochondria and microsomes as well as reduced activities of

antioxidant enzymes viz. SOD and catalase in lung cyt.osol.

Drug delivery systems

a. Biophysical investigations on cell membrane. (K.P. Mishra,

V.W. Bedekar and G.S. Manda)

Studies have been devoted to electroporation of red blood

cells in isotonic solutions to develop cellular carriers for

drug/enzyme to improve therapy. It has been established that

sensitivity of red cells to electrical pulses strongly depends

on the thermal state of the membrane during and after the pulse

application. A relationship exists between the degree of order

in the membrane and cellular electrosensitivity. Treatment of

cells with compounds causing membrane modulation modifies

cellular response to electropulses. Alcohols which fluidize

the membrane bilayer prevent hemolysis1 while lysolecithin which

enhances order increases hemolysis in pulsed cells. Specific

chemical modifications of membrane proteins reveal that

proteins play a prominent role in electropermeabilization and

resealing mechanisms. Based on these results, entrapments of

sucrose and methotrexate have been carried out in

electroporated red cells. Stability of loaded cells .in, vitro

as well as survival in blood have also been monitored.

b. Liposomes for drug delivery. (K.P. Mishra, V.W. Bedekar,

G.S. Nanda and A.R. Gcpal)

The project aims at using liposomes as carriers of drugs

to improve therapeutic effectiveness of anticancer drugs.

Initial experiments have been devoted to preparation and

characterization of liposomes with physical properties

determined by the nature and composition of phospholipids.

Using dipalmitoyl phosphatidyl choline (DPPC), or freshly

extracted egg yolk lecithin (EYL), liposomes are prepared and

experimental parameters are optimized to obtain linilamellar

vesicles of 100 nm mean diameter. Interaction of liposomes
6



with isolated human red blood cells at 37°C has been

investigated along with subsequent variations of cellular

sensitivity to externally applied electropulses. DPPC liposomes

enforce greater rigidity while EYL liposomes impart enhanced

fluidity to red cell membrane and the cellular uptake of

liposomes is strongly governed by their physical properties

which emphasizes the role of liposomal design for various

applications.

BIOCHEMISTRY

Folic acid and diabetes

a. Studies on folic acid metabolism. (V. Kesavan and J.M.

Noronha+)

The mechanism of intestinal absorption of folate, mainly,

the 5-methyltetrahydrofolate, the dietary form of the vitamin

after hydrolysis has been elucidated in rat. Extensive studies

have revealed that dietary polyglutamylfolates, after

hydrolysis by pancreatic folyl conjugase, are absorbed in the

intestine by passive uptake as neutral zwitter ion species in

an acidic microclimate of pH 4.0 generated, and possibly

regulated by intestinal mucosal brush-border Mg2+-ATPase.

b. Studies on nutritional factors in experimental diabetes.

(M.S. Pote, v. Kesavan and J.M. Noronha+)

Metabolic changes in folic acid and their polyglutamyl

derivatives have been studied in streptozotocin-induced

diabetic rat. A total breakdown in folate cofactor metabolism,

such as increased hydrolysis of polyglutamylfolates to simple

monoglutamyl forms, an imbalance in some of the folate

metabolizing enzymes such as folyl conjugase and

folylpolyglutamyl synthetase, impaired folylpolyglutamate

synthesis and storage and an altered renal threshold for folate

have been observed in progressive diabetes.

Folic acid administration has been observed to have an

influence on various proatherogenic lipoprotein levels such as

total cholesterol, very low density lipoprotein cholesterol,
7



low density lipoprotein cholesterol and total triglycerides in

diabetic animals indicating the possibility of an antiathero-

genic role for the vitamin.

c. Studies on folate metabolism in thyroid stress. (C.P.P.

Nair, G. Viswanathan and J.M. Noronha+)

An imbalance in thyroxine level depresses growth rate and

alters, inter alia, the metabolism of folic acid and vitamin

B 1 2. Our studies reveal that hypothyroidism enhances the in

vivo oxidation of ring-2-carbon of histidine to C02, an index

of turnover of one-carbon (1-C) groups, while hyperthyroidism

decreases the same. Hypothyroidism increases the level of

hepatic polyglutaroylfolates leading to enhanced tissue

retention and causes a decrease in the urinary excretion of

folates. Hepatic levels of 5,10-niethylenetetrahydrofolate

reductase increase during hyperthyroidism but decrease during

hypothyroidism. Methionine synthase levels are decreased in

hyperthyroidism and increased in hypothyroidism. Both hyper-

and hypothyroidism decrease the incorporation of 1-C unit

originating from histidine into DNA significantly, leading to

depression of growth.

d. Studies on in vivo inactivation of methionine synthase by

nitrous oxide. (c.P.p. Nair, A.K. De and J.M. Noronha+)

Methionine synthase, a vitamin B 1 2 dependent folate

metabolizing enzyme, is inactivated in vivo by nitrous oxide

(N2O) . The inactivation is caused by N2O and not by hyperoxia

due to 50% O2. Detailed investigations indicate that N2O

induced inactivation of methionine synthase cannot be decreased

by prior administration of 'OH scavengers like sodium benzoate,

DMSO and DMTU but superoxide dismutase (SOD) decreases it

significantly suggesting the involvement of superoxide radical

(02).

e. Natural antidiabetic products. (S.M. Kelkar and G.S. Kaklij)

The extract of Eugenia jambolana (Jaman) fruit pulp

possesses antidiabetic activity. Purification and

characterization of antidiabetic compounds from jaman extract
8



show the presence of two active compounds namely peptidylglycan

and polysaccharide with approx. molecular weight of 3 and 1.5

kDa, respectively. While peptidylglycan contains glucose and

methyl-ribose, the polysaccharide shows the presence of glucose

and fructose. The amino acid analysis of peptidylglycan shows

seven amino acids including aspartate, glutamate, histidine,

lysine, serine, proline and glycine. Glycine forms 83% of the

total amino acid. The antidiabetic peptidylglycan is resistant

to proteolysis .in vitro. These characteristics make it

suitable for oral consumption.

Factors affecting atherogenesis

a. Effect of sesame seed oil. (M.V. Kulkarni and G.

Viswanathan)

The differential sensitivity of mice to an atherogenic

diet has been exploited to study the antiatherogenic effect of

sesame seed oil in mice fed a coconut oil diet. Restoration of

both total cholesterol and high density lipo-protein

cholesterol to normal levels has been observed. The mechanism

of its modulatory responsiveness is being studied in terms of

the directive role of lipo-protein lipase thus circulating

triacylfattyacids effectively to the extra hepatic tissues.

b. Measurement of apolipoproteins as better markers for cardiac

risk. (M.V. Kulkarni and G. Viswanathan)

Apolipoproteins A, B and (a) , the protein components of

HDL, LDL and Lp(a), have been shown to be more sensitive and

specific markers as cardiac risk index compared to the

customary lipid profiling. These parameters are being assessed

in both hypertensive and diabetic individuals and their

correlations with other lipid and lipoproteins will enable to

profile a person as relatively risk free or susceptible to

heart disease.

c. Identification of familial defective Apo B individuals.

(M.A. Nadkarni and G. Viswanathan)

Familial defective Apo B resulting from a single amino



acid substitution Arg by Glu at aa. 3500 is responsible for the

diminished receptor binding activity resulting in decreased

clearance of LDL. The frequency of this mutation in Indian

population, not so far known, is being studied using

oligonucleotide primers for the 5' end (up primer) and 31 end

(down primer) spanning 1.18kb covering the point mutation and a

third allele specific primer by the PCR method.

d. Screening for RFLP in the LDL-R gene. (K.A. Katki and G.

Viswanathan)

Using RFLP analysis, 30 unrelated probands having total

cholesterol values above the 90th percentile besides a positive

family history and presence of tendon xanthomas have been

detected using the cDNA probe pLDLR2H-Hl spanning exons 10-18

of the LDLR gene. Restriction digestion of genomic DNA

followed by Southern blotting and hybridisation with the 32P

labeled probe shows an additional 4kb fragment with Hindlll

digested human DNA suggesting a possible use of this

polymorphism for screening Familial Hypercholesterolemic

individuals.

Nephrolithiasis

Genetic disorders and enzyme therapy. (K.M. Lathika, S.J.

D'Souza, A.R, Pawse, U. Tarachand, V. Ramakrishnan and K,G.

Raghavan)

The genetic disorders Primary Hyperoxaluria Type I and

Type II manifest in man due to the absence of the hepatic

enzymes of glyoxylate metabolism and are characterized by

oxalosis and early death. The project aims at 1) identifying

the biochemical mechanism and 2) developing enzyme therapy

techniques for correcting these disorders.

Enzymes such as oxalate oxidase and glyoxylate reductase

that degrade oxalate or prevent the oxidation of glyoxylate to

oxalate have been identified from exogenous sources, purified,

immobilized and administered to rats. Such modified enzyme

preparations bring about the desired changes in the metabolism.

The nonenzymatic autooxidation of hydroxypyruvate to oxalate
10



has been established as the biochemical basis of Type II

disorder. Future work aims at regulating the glyoxylate

metabolism employing alanine : glyoxylate aminotransferase.

Growth and differentiation

a. Biochemical aspects of decidualisation. (U. Tarachand)

Artificially induced rat deciducma serves as an excellent

model to study changes related to cell differentiation in the

endometrium under the influence of gestational steroids. A

study on in vitro protein synthesis by decidual tissue shows a

differential rate of uptake of labelled methionine by

antimesometrial and mesometrial decidual cells. The rate of

methionine incorporation into proteins of mesometrial decidual

cells is higher during the progressive phase. Resolution of

proteins following SDS-PAGE shows qualitative changes at

different stages of morphogenesis indicating differential gene

expression in the decidualising endometrium.

b. Modulation of plasminogen activator in the endometrium

during pregnancy. (U. Tarachand and A.R. Pawse)

Plasminogen activators, secreted by many cell types,

participate in biological processes such as tissue growth,

restructuring and cell migration. Following artificial

induction of decidualisation, urokinase-type plasminogen

activator (uPA) activity constantly increases in the

decidualising endometrium. This activator of decidual tissue

has been purified to homogeneity and characterized. It has an

approximate molecular weight of 45 kDa and is immunogenic in

rabbit. A monospecific antiserum to this protein elicits a

precipitin reaction with human uPA.

c. Studies on plasminogen activators of tumour cells. (A.R.

Pawse)

Plasminogen activators from Yoshida sarcoma and

lymphosarcoma have been purified by ammonium sulphate

fractionation and chromatography on benzamidine sepharose 4B

and characterized. Two subunits of 48 kDa and 29 kDa are
11



observed in Yoshida sarcoma while lymphosarcoma contains a 66

kDa activator. Activators of both sources display comparable

fibrinolytic activity, binding potentiality with fibrin,

immunological cross reactivity with tissue-type activators and

amenability to enzymatic methylation.

Chemical carcinogenesis

a. Role of mitochondria in carcinogenesis. (M.P. Sajan, J.G

satav and R.K. Bhattacharya)

The presence of an enzyme system in. rat hepatic

mitochondria has been demonstrated that can activate the

carcinogen aflatoxin B^ (AFB^) to its reactive electrophilic

form. The activated metabolite forms covalent adducts with

mitochondrial DNA and protein both rn vivo and .in vitro.

Administration of AFB^ to rats brings about a time- and dose-

dependent generalized inhibition in hepatic mitochondrial

respiration rate in presence of ADP (state 3) and in ADP

phosphorylation rate with several oxidizing substrates.

Respiration rate after depletion of ADP (state 4) is, however,

increased significantly thereby recording in each case a

decrease in respiratory control index signifying membrane

damage. Alteration in the activity of ATPases and primary

dehydrogenases reinforces this fact. These changes are

associated with protein and nucleic acid synthesis as affected

by AFB-p Consequent changes in the levels of specific

intramitochondrial cytochromes are attributed to selective

modification of gene expression in mitochondria by

b. Carcinogen-induced molecular events in nuclei. (R.P. Webster

and R.K. Bhattacharya)

Repair of single strand breaks in hepatic nuclear DNA

inflicted by carcinogens, AFB-L and N-nitrosodimethylamine

(NDMA), has been found to ' be associated with induction of

poly(ADP-ribose)polymerase, DNA polymerase Jl and DNA ligase.

The damage to DNA as well as modification of these enzymes

respond to increasing doses of carcinogens, but the kinetics of

repair remain unchanged. Another protein which is found to be
12



an accessory in the cascade of events following DNA damage is

DNA topoisomerase. Evidence indicates a negative correlation of

its activity in response to DNA damage. Several lines of

evidence suggest that in vivo repair process is initiated by

ADP-ribosylation of these enzymes involved in DNA repair.

c. Role of signal transduction during carcinogenesis. (K.J.

Mistry, S. Chowdhury, M. Krishna and R.K. Bhattacharya)

Administration of AFB. has been found to accelerate the

turnover of phosphatidylinositol (PI) involved in signal

transduction. The observed increase in PI kinase activity in

response to AFB, exposure leads to higher turnover of PIP2

which in turn results in the elevation of diacylglycerol (DAG),

a second messenger. The elevated DAG provides an internal mileu

conducive to activation of protein kinase C (PKC) as evidenced

by its translocation from cytosol to particulate fraction.

Activated PKC from AFB^treated animals has high

phosphorylating activity as demonstrated in in vitro

phosphorylation of Klenow fragment of nuclear replicative DNA

polymerase, a primer-polymerase complex of mitochondrial

origin, and PKC itself. Such phosphorylated enzymes have

higher catalytic activity than those phosphorylated with normal

PKC. During hepatocarcinogenesis induced by N-

nitrosodiethylamine (NDEA) PI synthetase activity gradually

increases while PI and PIP kinases remain inhibited without

depletion of endogenous substrates. Cellular turnover of PIP

and PIP2 appears to be extremely rapid, as evident from a

significant rise in DAG level. This in turn activates PKC,

particularly of nuclear origin. Using RNA dot blot

hybridization it has been observed that continued exposure to

NDEA leads to increase in the expression of ras oncogenes. A

GTP-binding protein possessing an intrinsic GTPase activity,

GAP, a 120 kD protein, is known to associate with ras and

reduce its activity by inducing hydrolysis of GTP bound ras

p21. Ras functions as molecular switch of signal transduction

from membrane to nuclear factors. GAP precipitated with anti-

PKC is found to be phosphorylated in the immunoprecipitate by

the kinase from particulate fraction. There appears to be an
13



increase in the phosphorylation of GAP by PKC in NDEA fed

animals.

d. Carcinogen-induced alteration in membrane. (J.G. Satav and

R.K. Bhattacharya)

Administration of AFB-̂  to rats has been found to cause

free radical mediated damage to the endoplasmic reticular and

mitochondrial membranes. This is evident from observations of

increased levels of lipid peroxidation and elevated activities

of antioxidant enzymes such as glutathione peroxidase, catalase

and superoxide dismutase. The extent of damage depends on the

exposure dose of AFB-,. Although the onset of metabolism

mediated damage to DNA and functional alteration in several

organelles following AFB-L exposure is very rapid, a much

delayed response is observed in the case of free radical

mediated damage.

e. Alteration of cellular protein synthesis by carcinogens.

(R.S. Bagewadikar and R.K. Bhattacharya)

It has been unequivocally established through a series of

investigations that the carcinogen N-methyl-N'-nitro-N-

nitrosoguanidine (MNNG) inhibits protein synthesis in a cell-

free system. Its mechanism of action has been shown to involve

interaction of released methyl carbonium ion with tRNA and

protein. In addition, MNNG also causes nitroguanidination of

lysine residues of ribosomal proteins. The carcinogens N-

methyl-N-nitrosourea (NMU) and NDMA also inhibit protein

synthesis but apparently by different mechanisms, although

methylation of critical molecules is involved with these

compounds as has been found with MNNG. The administration of

MNNG has also been found to inhibit protein synthesis in vivo

in stomach, the target organ for this carcinogen. The

mechanism by which MNNG inhibits protein synthesis in stomach

mucosa is found to be same as in liver.
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f. Studies on DNA damage in human leucocytes. (J. Kurkundi,

V.S. Aboobaker and R.K. Bhattacharya)

A method based on fluorescence enhancement of ethidium

bromide on intercalation with double stranded DNA has been

developed. The method estimates the proportion (in %) of DNA

present in the native double stranded form out of the total in

the cell, and is denoted as 'D' value. The portion of DNA

subjected to unwinding as a result of damage or "structural

integrity does not interact with ethidium bromide and thus

escapes detection by this technique. This method, fluorimetric

analysis of DNA unwinding (FADU), is suitable for detecting

subtle damage in human blood leucocyte DNA caused by

deleterious environmental agents or because of some

pathological conditions. Analysis of large number of samples

(137) from healthy volunteers showed a range of 84-98% native

DNA with an average D value of 91+6%. Cancer patients have

significantly low D value CS+ll, n = 26). The studies also

show that the low values improve on chemotherapeutic treatment.

Analysis of diabetic patients reveal a D value of 73.3+9.2

(n=17), hypertension, 84.4+13.1 (n=18) and tuberculosis, 70±8

(n=8). Using FADU technique it has been observed that

carcinogens AFB^ and MNNG bring about dose-dependent reduction

in D value in human lymphocytes. The damage is caused through

generation of active oxygen species.

g. Potential carcinogens/mutagens in food. (T.K. Shetty and

R.K. Bhattacharya)

Several compounds of the type B-carbolines and Amadori

compounds (Maillard browning reaction products) are easily

formed during cooking of natural food materials. Many of these

compounds containing secondary amino groups have been shown to

undergo nitrosation reaction in vitro which simulates the

condition .in vivo (stomach) . Certain C- and N-nitroso

derivatives thus produced are found to be mutagenic in

Salmonella typhimurium strains TA98NR and TA100NR. Most of

them are active without metabolic activation.

15



h. Modulation of molecular reactivity and biological response

of carcinogens. (P.F. Firozi, R.P. Webster, K.J. Mistry, s.

Chowdhury, M. Krishna/ V.S. Aboobaker and R.K. Bhattacharya)

Molecular events, characteristic of chemical

carcinogenesis, constitute enzymatic activation and covalent

adduct formation with DNA, subsequent damage and enzymatic

repair of DNA lesions, mutagenic expression of modified DNA,

alteration of transcription and translation, activation of

signal transduction pathway with elevation of second

messengers, and activation and expression of oncogenes. All

these are initial events and can be measured in vivo and in

vitro. Some of these molecular parameters have been used in a

new strategy to study modulation of carcinogenic processes.

Several natural factors belonging to different groups such as

vitamins, trace elements, phenolics, flavonoids, fatty acids

and thiol compounds have been observed to have the ability to

modulate molecular reactivity of carcinogens as measured by

enzymatic activation r.nd DNA adduct formation. This ability is

apparent under both In vivo and in vitro conditions. Many of

these factors also have been found to have exceptional capacity

to antagonize mutagenic expression of carcinogens in Salmonella

typhimurium strains, thus demonstrating their role in

modulating biological response of carcinogens. The higher

expression of ras oncogenes, the induction of DNA repair

enzymes, amplification of enzymes of signal transduction

pathway and elevation of second messenger levels are sensitive

parameters in response to carcinogen assault, and these have

been found to be significantly modulated by certain endogenous

and exogenous natural factors. Cellular levels of these

factors regulate the membrane bound monooxygenase system as

well as the soluble cytosolic conjugating enzymes in such a way

that the generation of reactive electrophilic metabolite is

prevented. Mechanisms of action of various factors have been

studied using purified components of microsomes in a

reconstituted monooxygenase system. Most natural factors act

through interaction with cytochrome P-450.
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i) Urinary pteridines in cancer and other disease conditions.

(S. Trehan and J.M. Noronha+)

A simple fluorimetric method has been developed for

estimation of total pteridines present in urine. Using this

method, a significant difference in pteridine level of cancer

patients and controls has been noted. Measurement of total

pteridines is rapid, inexpensive and the findings are as

informative as those obtained by the standard selective

estimation of urinary neopterin after a C 1 8 reverse phase HPLC.

Studies relating to patients with cancer of the cervix,

tuberculosis, and a population of blood donors also reveal a

direct correlation of urinary pteridine levels with disease

status.

Stress response in microorganisms

a. Studies on heat shock response in Haloferax mediterranei.

(C.K.K. Nair and A. Kazi)

Heat shock response of Haloferax mediterranei has been

studied by determining the survival of the cells after exposure

to various temperatures (45°C,50°C,55°C,60°C,65°C & 70°C) for

15 minutes. Maximum tolerable temperature is found to be 60°C

for 15 minutes. However, survival drastically decreases to

0.5% on further incubation for 30 minutes at 55°C.

b. Cloning and characterization of the heat shock response gene

HSP70 from archaebacteria. (C.K.K. Nair and A. Kazi)

Genomic DNA has been isolated from Haloferax mediterranei.

Using degenerate oligonucleotide primers (forward : 5

CARGCNACNAARGAYGCNGG 3' and reverse : 5 GCNACNGCYTCRTCGGRTT 31)

for the conserved amino acid sequences in all species
152QATKDAG158 and 366NPDEAVA372. Polymerase chain reaction

(PCR) has been carried out on the genomic DNA to amplify the

sequences specific for hsp70. The amplified DNA of 0.65kb

length is cloned at the Smal site of pKS+ and sequencing of the

cloned DNA fragment is being carried out.
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Genome of pea

Studies on mitochondria1 and nuclear genome of Cajanus cajan.

(C.K.K. Nair, R. Rajagopalan, S.E. D'Souza and Z. Vagchipawala)

Genomic DNA fragment of 0.5 - 1.0 kb from Cajanus cajan

has been cloned in Escherichia coli using pUC19. DNA insert

from one of the unique sequence clones has been sequenced and

homology compared with known gene sequences in the Genebank.

Analysis of the sequence data reveals that the DNA insert has

more than 55% sequence homology with exons from Plasmodium

parasite and Neurospora intermedia DNA polymerase gene. The

mitochondrial DNA of Cajanus cajan, partially digested with

Hind III has been cloned into pUCl9. The recombinant library

thus obtained has been screened with a wheat mitochondrial

coxIII probe to identify a clone exhibiting strong

hybridization signal. The DNA insert from this recombinant

clone yields two fragments of 0.5kb and 3.5kb upon complete

digestion with Hind III. These fragments, subcloned into

phage are being sequenced.

Mitochondrial genome of yeast

a. Regulation of DNA replication in mitochondria of

Saccharomyces cerevisiae. (K. Pasupathy, S. D'Souza and V.

Murthy)

Studies to unravel the mechanism of mitochondrial DNA

repair and replication have been continued. Using purified

preparations of RNA polymerase and primase it could be shown

that initiation of mitochondrial DNA replication of non-r

strand is done by primase, while 'r strand1' is primed by RNA

polymerase.

b. Biogenesis of mitochondria. (K. Pasupathy and S. D'Souza)

Using dot-blot hybridization, the exact number of mit DNA

per cell has been determined during mitochondrial biogenesis

and is found to increase from five in anaerobic cell to thirty

in aerobic cell.
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c. Purification of yeast cell wall lytic enzyme. (K. Pasupathy

and S. D'Souza)

A partially purified enzyme from the crude extract of an

edible mushroom Agaricus is found to be an economical

indigenous alternative to the commercially available yeast

spheroplasting enzyme.

d. Studies on the characterization of topoisomerases. (K.

Pasupathy and V. Murthy)

Topoisomerases (Type I and Type II) have been identified

and purified from yeast mitochondria and are found to relieve

the torsional stress introduced in the DNA molecule during the

transcription and replication of closed circular DNA.

e. Studies on the replisomal complex. (K. Pasupathy and V.

Murthy)

A 40 S multienzyme complex, isolated from yeast

mitochondria shows the presence of DNA polymerase, RNA

polymerase, primase 3'—> 5' exonuclease and an ATPase. This

complex is able to initiate DNA•synthesis on single stranded

DNA templates resulting in products with sizes larger than 500

bp.
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