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trradiation, the ball 1s rolled out into a
fead-shiclded contamner and then further
processed n the radiosotope
laboratones. For productian of cobalt-
00, cobalt-slug rods are used for long-
term rradiation 1 the reactor. These
are removed from the reactor after
about 4 years of wradation such that
cobalt-60 with a specific activity of
about 530 Cig™ "' is obtaned. Radworso-
topes find extensne apphcanony in a
vanety of areas in medwine, industry
and agriculture.

Commissioning experience

During the imual phase of power
operation, radioactivity levels n the
coolant heavy water were much higher

than expected. This was caused by the
faiture of alumimtum cladding on
uranium fuel rods due to severe mecha-
atcal wear which was in turn due to
excesstve flow-induced vibration of fuel
assemblies. The design of fuel assemblics
was therefore modified by incorporating
split-bulges at the top and bottom of
uranium fuel sections for ehminating the
small clearance between the fuel assembly
and coolant channel,

Due to the abrasion of aluminium
cladding, turbidity in colloidal form
appeared in the heavy water coolant, A
special magnesium Ilpaded ion-exchange
resin matrix was therefore developed
and used for turbidty removal. A
cenirifuge separation technique was also
used for removing turbidity from the

system heavy water,

With the modified fuel assemblies
mnstalled 10 the reactor, operation was
resumed dureng November 1986 and the
rated power operation achieved during
January 1988.

Dhruva, one of the most powerful
research teactors in the world today,
has provided a great impetus for work
i frontier areas of scentfic and
engineeting tesearch and radiowolope
production. It has been declared as a
national facility and the neutron beam
factlities are open 10 all users in India.

5. K. Sharma is Associate Director,
Reactor Group, Bhabha Atomic Research
Centre, Trombay, Bombay 400 085.
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The enzyme activity of many tyrosine-protein kinases
and some serine/threonine protein kinases, which are
critically involved in sigmal transduction pathways, is
dependent on the level of phospborylation at one or more
tyrosines. Dephosphorylation of these phosphorylated
tyrosines by protein-tyrosine phosphatases (PTPases) can
activate or inactivate these emzymes. Activation occurs
when PTPase acts on the negative regulatory site
whereas inactivation of the enzyme occurs when PTPase
acts on positive regulatory site. Both positive and
negative regulatory sites are present on some protein
kinases; these, therefore, may require two distinct
PTPases for the regulation of their activity, although
other mechanisms of regulation may also exist.

——— ey Sl e—

PHOSPHORYLATION is omne of the most widespread
mechanisms adopted by the cell in controlling timely
activities of various proteins. Such a post-translational
modification is dependent on 2 classes of enzymes— the
protein kinases and the phosphoprotein phosphatases.
In recent years, we have gained insight into the
signmficant role of tyrosine phosphorylation events in
cell division, differentiation, transformation and deve-
Jopment'-2. The phosphorylation state of any substrate
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at a given time depends on the action of the protein
kinases and phosphoprotein phosphatases, necessitating
critical regulation of the activity of these enzymes,
Evidence 1s now available to suggest that the activity of
some of the Ser/Thr protein kinases and many tyrosine-
protein kinases is regulated by the phosphorylation
state of their tyrosine residues. The interaction between
kinases and phosphatases may, therefore, in certain
cases, be more direct. Activity ol kinases may be
determined by their being substrates for PTPases.

Structure of PTPases: Catalytic domains of all
PTPases are conserved

PTPases constitute a novel class of enzymes and do not
show sequence homology with other phosphatases such
as Ser/Thr phosphatases®. They are present ubiquitously
in a wide variety of tissues*>, The first PTPase to be
purified and sequenced was a 35kD scluble enzyme
from placenta®. It was found to be homologous to
CD45, a transmembrane receptor-like protein present
on the surlace of Iymphocytes. CD45 was then tested
and found to possess PTPase activity®, The presently
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known PTPases may be broadly grouped into 2
classes—1) the large molecular weight receptor type
with an extracellular domain, a transmembrane domain
and usually 2 repeated intracellular catalytic domains
(Figure 1,a); 2) the low molecular weight non-receptor
type that have a single catalytic domain and non-
catalytic domain probably playing a regulatory role
(Figure 1,b). The molecules in the former class are best
represented by CD457, The significance of 2 phosphatase-
hke domains is still unclear although only one of them
may possess catalytic activity®. This class resembles the
receptors 1n  their structure and may trigger an
intracellular reaction upon ligand binding to the
extracellular domains. Some of them have external
segments similar to certain cell surface molecules
known to mediate interactions between cells during
development®. The external domains also exhibit cell-
type specific polymorphism indicating that there may
exist a repertoire of receptor PTPases available for
selective triggering by a variety of external stimuli.

The second class of enzymes represented by the
placental phosphatase 1B (PTP-1B) and the human T
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Figure 1. The two classes of PTPases and protein-tyrosine kinases
are schematically represented. &, The transmembrane enzymes have
an extracellular domain with immunoglobulin and f{ibronectin-like
repeats which may be mmvolved in ligand binding and intercellular
communication. The intracellular C terminal region has 2 repeuts of
the PTPase domain; b, The low molecular weight enzymes have a
single catalytlic urut towards the N terminus and the C terminus non-
catalytic region harbours sequences that may dotermine sub-
cellular locahization or may regulate activity of the ensyme. The
Cys residue is essenttad for catalytic activity, ¢ A transmembrane
receplor tyrosine kinase (FGF receptor) showing the extracellular
hgand binding doman, the transmembrane damiun and mtracetiular
catalytic domain, The tyrosings at the C-lerminal dominn represcnt
autophosphorylation sites; & The non-receptor tyrosme Khinases as
represented by ik have  N-terminal  amine  acod  modihcabon
(myrnistilation) for membrane association, unmigue seguences that are
characternshic of each enzyme, Sre homology Tregions (SH2 and, or
SH3j and a conserved catalytic domamn The ATP binding site hay o
conscrved Iysine Tyr residues represent the phasphornylaton sites
mmvolved in positive and negative regulabon of cnzyme sobinvaty T M-
transmembrane domain
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cell PTPase have a single catalytic domain and a non-
catalytic domain'®!'. This group may represent
enzyme activittes which display selective subcellular
focalization. In wvitro, they have broad substrate
specificities. They are generally active in the presence of
EDTA and are inhibited by Jow concentrations of
zinc'? and orthovanadate!?. The non-catalytic region
of these molecules has been suggested to play a role in
control of enzyme activity and intracellular localiza-
tion”:14.

PTPases have high specific activities, forming a
barrier to the action of tyrosine kinases which have
specific activities an order of magnitude lower!>.
Therefore, PTPases may act to maintain very low level
of phosphotyrosine on cellular proteins. High PTPase
activity would be expected to promote the kinase
reaction thermodynamically. Though this would result
in apparently ‘futile’ cycles, the cell may derive certain
advantages. One possible advantage is that inhibition of
PTPase (or activation of kinase) would result in quick
response In terms of increased phosphorylation of
substrate proteins.

Structure of protein tyrosine kinases

Protein kinases which act on hydroxy amino acids
forming acid-stable hnkage can be classified into 3
groups on the basis of the nature of the amino acid
which is phosphorylated—(a) those which phosphory-
late only Ser or Thr residues (b} those which
phosphorylate only Tyr residues and (¢) those which
phosphorylate Ser, Thr or Tyr residues. Phosphorylation
at His, Lys and Arg 1s also known to occur which form
acld labile linkage. The catalytic domains of all protein
kinases show at least some homology. Highly conserved
residues are Invelved in ATP binding or catalysis.
When represented on a family tree, protein kinases with
simiar modes of regulation and substrate specificity
cluster together'®.

Most protein tyrosine Kinases possess a single
catalytic unit, gencrally towards the C-terminal end, the
N-terminal sequences playing a regulatory role. The
transmembranc enzymes consist of an extracellular N-
terminal domain with specificity for hgand binding and
intracellular C-terminal catalytic domain''® (Figure 1.4}
The low molecular weight cnzymes (eg Sre family)
possess N terminal sequences required for anchoring of
the enzyme, followed by unigue regions for interaction
with specific ccllular substrates (Figure 1Jd). Recent
work has shown that Src homology reglons, SH, and
Sy are responsible [or association of hinase substrates
with the enzymie. ST domams are consenved sequences
ol about 100 amime aads found in oytoplasmiie tyrosine
hirases and some other proteins such s PECS GAR,
gag-crk, abl gene Lanily, Raf-1, P Rmse ! -,
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Regulation of protein hinase activity by tyrosine
phosphorsylation—dephosphorylation

Protein kinase actnaty is  regulated by  lyrosing
phosphorylanon 1 two wuds; (1) a positive regulation
in which enzyme activity increases on phosphorylation;
and (u} a negative regulation in which enzyme activity
decreases on phosphorylation'®. Among the proten
kinases whose activities are regulated by phosphoryla-
tion at tyrosyl residues, there are no conserved
sequences flanking the phosphate acceptor tyrosyl
residues. Their activity is critically regulated by ty:iosine
phosphorylation at either or both positive and negative
regulatory sites {Table I).

The protein bound phosphotyrosine is a high energy
linkage. The free energy of hydrolysis (AG®) of protein
bound phosphotyrosine bas been reported to be
~ 948 \cal in the presence of SmM Mg?* at pH 6.5
(assuming an approximate AG® of -—10kcal for
hyvdrolysis of ATP), while free phosphotyrosine is not
an energy rich linkage??. Hydrolysis or formation of
such a high energy phosphotyrosine bond in proteins
could conceivably bring about a conformational change
in the protein resulting m an altered functional state of

the molecule?!.

Phosphorylation of certain tyrosines increases enzyme
acririry

Sttes of autophosphorylation occur in many tyrosine
hinases and evidence exists to show that phosphoryla-
tion of these residues lead to increased catalytic
activity?® 23, Tt has been possible to detect the effect of
autophosphorylation on enzyme activity in rvitro by
incubating the inactive or less active enzyme with ATP
and checking for activity’*2%. A variety of peptide
growth factors and hormones mediate their cellular
effects by interaction with cell surface receptors that
possess tyrosine Kinase activity, resulting in receptor
dimerization; autophosphorylation; increased kinase

activity and associatton with cytoplasmic substrates®,
Autophosphorylation appears to be a prerequisite for
enzyme activity of the rcceptor-kinases?®. In the case of
the insulin receptor, ligand-induced autophosphoryla-
tion of tyrosine residues increases the V_ of the kinase
activity and maintains it in the active state, even in the
absence of bound ligand?*. The autophosphorylation
sites present on the C-termynal tail of the EGF receptor
are believed to compete with exogenous substrates for
the substrate binding site of the kinase domain. Hence,
autophosphorylation may result in a conformational
change and release an internal constraint which allows
the receptor to interact with and phosphorylate celiular
substrates?”.

Such positive regulatory siies are present in the non.
receptor type tyrosine kinascs hike those of the src
family. In fibroblasts, PDGF induces multisite phos-
phorylation of pp60-s® and increases its protein
tyrosine kinas¢ activity?®.

Phosphorylation at certain tyrosine residues 1n
enzymes that associate with receptor tyrosine kinases
like the phospholipase-C-y and GAP increases their
enzyme activity?” "', In some of the Ser/Thr kinases
like MAP-2 kinase and Raf kinase, activity Increases
following the phosphorylation on specific tyrosine
residues, which has been shown to be brought about by
receptor tyrosine kinases®2:33,

The action of PTPases at such positive regulatory
sites would be as an “off" switch for the kinase activity
(Figure 2). Any change that would impair such
PTPases, would result in continued untimely action by
the kinases resulting in abnormalities.

Phosphorylation of certain tyrosines reduces enzyme
activity

Many tyrosine kinases are subject to tight negative
regulation by phosphotylation in vive at a Tyr which
reduces enzyme activity®#35, In the src related kinases,
this site lies just outside the catalytic domain towards

Table 1. Flanking sequences around the positive and negative regulatory tyrosy! phosphorylation sites in protein kinases

Effect of

dephospho-

rvlation on
Enzyme activity Phosphorylation site Reference
paOF ¢ INCredse Tyr- Phe Thr Ser-Thr-Glu Pro-Gln-Tyr-527-Gin-Pro-Gly-Glu-Asn-Lgu. 74
pS6lck INCrEdse Phe-Phe-Thr-Ala-The Gle-Gly GIn—Tyr-305 -Gin- Pro-Gln Peo. 74
¢-fms Incredse Gin Pro-Leu Lev Gln-Pro-Asn Asn-Tyr-969-Glin Phe Cys. 15
(CSF-1 Receptor)
p3geded INCIEdse e Glu-Lys -lle-Gly-Glu- Gly -Thr-Tyr-15 Gly-Val Val Tyr-Lys Gly Arg-Hs Lys 16
11570 s decrease Ala-Arp Leu Ne Glu Avp-Aen-Glu-Tyr-4t6 Thr-Ala~-Arpg Gin-Gly-Ala-Lys- Phe-- 74
pse'ek decrease Ala-Arg Leu He Glu Asp Asn Glu Tyr-394 Thr-Ala Arg Glu Giy Ala Lys Phe- 74
pp4d2 decredse Asp His Thr Gly Phe Leu-Thr-Glu Tyr-15-Yal-Ala -Thr Arg 77
MAP kinaswe
Insulin decredse Thr Arg Asp lle-Tyr Glu-Thr Asp Tyr-1130 Tyr Arg Lys Gly Gly Lys Gly 24
receptor
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Figure 2. Regulation of kinase activity by tyrosine phosphorylat-
ion—dephosphorylation. Action of PTPases at the positive regulatory
stte results 1n lowenng of activity, while action at the negative
regulatory site increases enzyme activity.

the end of the molecule. In p34°dc2 a serine/threonine
kinase centrally involved in cell cycle progression, 1t lies
close to the ATP binding site. Phosphorylation of this
residue inhibits kinase activity and dephosphorylation
1s a prerequisite for activation (Figure 2). It is suggested
that the function of phosphorylation is to prevent ATP
binding either sterically and/or by electrostatic repulsion,
thereby inactivating the enzyme?®. It is also possible
that phosphorylation at tyrosine residues may regulate
the interaction of the kinases with other cellular
components (eg Raf-l, PLC-y, polyoma middie T
EIC)”'zg.

Preliminary evidence for the presence of a negative
regulatory site was obtained when it was found that the
transforming capacity of v-sr¢ gene product was due to
mutation at the C-terminal end, usually a deletion,
causing the enzyme to be more active**. It was also
scen that substitution of Tyr by Phe at the negative
regulatory site, 1.e. Tyr-527 in c¢-sre, activated the
enzyme and its transforming ability*’. A tyrosine kinase
that specifically phosphorylates the negative regulatory
" site of p60°s¢ has been identified?®. This enzyme and
other such specific kinases may keep the kinase inactive
by phosphorylating the tyrosine residues involved.

The Ser/Thr kinases have been identified as regulatory
cffectors 1 numerous cellular activities; but the
regulators that tnitiate changes in their aclivities are
often tyrosine protein kinases. This is well illustrated by
regulation of the activity of the Scr/Thr kinase p34ede-s
and 1ts homologs involved in triggering ccll cycle
changes. While the amount of p34 protein and
cdc2 mRNA remain constant throughout the cell cycle
the associated protein kinase activity varies dramatica-
Ily due to changes in tyrosine phosphorylation®®#9, In
serum stimulated 3T3 cells, phosphotyrosine content in
P34 increases in Jate G, and carly S phase of cdll
cycle, the kinase beng nactive. There is abrupt
dephosphonyhation before entering into mitosis. In
p34vel shosphorylation takes place at Tyr-15, in the
consensus ATP bindmg site and dephosphorylation of
this  residue  triggers  activation of the p34 oyddin
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complex?®. The mutant Tyr-15Phe-15 bypasses the
rcquirement for activation and such mutants are
phenotypically ‘wee’; cell division taking place before
sufficient cell growth*!. These results suggest a simple
model whereby p34°¢2 kinase activity is inhibited
during interphase, when tyrosine is phosphorylated and
the ATP binding site is blocked. A similar residue is
present in all eukaryotic homologs of ¢dc2 and such a
mechanism may be universally operative.

Although the tyrosine kinase catalysing the phosphory-
lation of Tyr-15 of p34 in vivo is not known, the
correlation of tyrosine phosphorylation and dephosphory-
lation with inactivation and activation of kinase activity
is well established®®. Recently a p60cs* related
tyrosine kinase has been purified from bovine spleen
that has been shown to effectively phosphorylate a
synthetic peptide containing Tyr-15 from p34cde?
(ref. 42). (This Tyr is not phosphorylated by EGF
receptor). It has also been found that p65, a constituent
of p34¢dc2 histone kinase complex isolated from mitotic
extracts has PTPase activity®?, In such cases, the kinase
subunits are likely to be the substrates for the
associated phosphatases.

Both positive and negative regulatory tyrosine

phosphorylation sites may be present on the same
protein

Some kinases possess 2 sites of tyrosine phosphoryla-
tion—one positive and the other negative regulatory;
their activities are dependent on the relative phosphory-
lation states of the 2 residues. This is very well-illustra-
ted by the sr¢ Tamily of tyrosine kinases®’**. The
p60°3*¢ and p56'* have been well studied and the
residues involved are known (Table 1). p60¥s«© is
phosphorylated at the autophosphorylation site Tyr-
416 in vivo, thereby possessing many-fold greater
activity than the p60<*™ due to hyperphosphorylation
at the positive regulatory site and hypophosphoryla-
tion at the negative regulatory site**, In polyoma virus
translormed celis expressing middle T antigen, activa-
tion of p60-™ is accompanicd by dephosphorylation of
Tyr-327 and avtophesphorylation of Tyr-416 (ref. $5).
Experiments have shown changes in the activity of per—e
in various phases of the cell eycle, increasing at mitasis.
In the middle-T expressing cells and the Tyr-527 -
Phe527 mutant, activity 1s high in all phases of the el
cycle®®, Association with middle-T may cause confor-
mational changes in the protein and increased suseepli-
bility to ccllular PTPases, or prevent phosphorylation
by Mnases. In poO mutation of nepative reeulaton
phosphoryiation site Tyr-327 10 Phe-327 resulicd in 10-
[old increase i its enzyme activity, The wutation at the
positive regulatory site at Tyr-416 1o Phe-416 did not
show ny sigmificant change in binase activiy, How-
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ever. the double mutant Phe-416 Phe-527 showed
enzyme activity which was about half of that shown by
Phe-527 mutant. These results suggest that i pbDss™
the negative regulatory site Tyr-527 is at least partially
dominmant over the positive regutatory site®”:3%,

Distinct PTPases may act on positive and negative
regulatory sites

Loss of regulation of kinase activity can occur through
faults in any one of its regulatory enzymes. The cell
therefare requires proper functioning of tyrosine kinases
and phosphatases to maintain the timely phosphoryla-
tion of proteins. The regulation of kinases which possess
both positive and negative regulatory sites cannot be
achieved by the action of the same phosphatase at both
sites since dephosphorylation at the 2 sites results In
antagonistic effects on enzyme activity. IDistinct PTPases
must therefore exist in the cell that act at the required
moments on any of these sites to either increase or
decrease kinase activity. The low molecular weight non-
receptor type PTPases such as PTP-1 appear to act on
positive regulatory site whereas CD45 acts on negative
regulatory site of p36¥k (ref. 46). In vitrg, however, the
PTPases generally show very broad substrate specificity.

The factors that determine whether a given tyrosine
would act as positive or negative regulatory site are not
understood. Prunary sequence around these tyrasines s
different!® (Table 1) and this is likely to be at least one
of the determining factors.

The role of tyrosine phosphatases

It has neither been easy to study the substrate specifi-
cities of tyrosine phosphatases in vivo, or to identify the
specific enzymes involved in the dephosphorylation of a
particular substrate. The cytosolic PTPases appear to
be very active with high turnover numbers. They are
believed to maintain low basal state of tyrosine
phosphorylation of cellular proteins?®*°. Phosphoryla-
tion triggered by activation of protein tyrosine kinases
in response to external stimuli, are transient, being kept
in check by PTPases.

PTPases reverse the effect of tyrosine phosphoryla-
tion agnd can also enhance phosphorylation by
activating kinases

inhibitors specific for PTPases have been used to study
the changes that take place on inhibiting these enzymes,
Two inhibitors of PTPases, orthovanadate and phenyl-
arstne oxide {PAQ) do not inhibit Ser/Thr speciic
phosphatases. Treatment of cells with these mhibitors
has shown both an increase in the extent of tyrosine
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phosphorylation of substrates, as well as the presence of
newly phosphorylated substrates. In fibroblasts, pre-
treatment with phenyl arsine oxide (PAQO) shows
additional insulin induced phosphotyrosyl proteins not
seen on treatment with insulin alone*®, PAQ has been
shown to increase the tyrosine phosphate on 2 number
of substrates in unstimulated T celis*®. On the one
hand inhibitors may be preventing the PTPases from
dephosphorylating the substrates of kinases and on the
other, prevenfing them from Inactivating the kinases
themselves. Treatment of cells expressing high levels of
c-sr¢ with orthovanadate causes phosphorylation at Tyr-
416 and a 3-fold enhancement in Kinase activity®?, The
Tyr-527 is phosphorylated even in the absence of
vanadate.

There are instances of decrease in phosphotyrosine
content of some cellular proteins on treatment with
inhibitors which can be explained by the requirement of
PTPases to trigger activity of kinases. Incubation of
peripheral blood Iymphocytes and LSTRA celis in the
presence of vanadate decreases the membrane tyrosine
kinase activity®'. Treatment of anti ‘thyl’ stimulated T
cells with low concentration of PAQ resulted in
enhanced phosphorylation of some proteins. Use of
higher concentration inhibited phosphorylation, sugges-
ting that tyrosine kinase activity of some enzymes
requires action of PTPases*?,

Inhibition of PTPases can lead to transformation of
certain cells

Inhibition of PTPases bas shown different physiological
effects on various cell types. In mouse 3T3 fibroblasts,
p34 has maximal phosphotyrosine content in the G,
phase of cell cycle; dephosphorylation triggers entry
into mmtosis. Incubation of these cells with vanadate
results in G, arrest; which i1s reversible on removal of
vanadate*®. Treatment of NRK cells with vanadate
leads to the transformed phenotype, perhaps due to
increased phosphaorylation at Tyr in cellular proteing®?,
This effect of wvanadate is reversible; removal of
vanadate results in decrease in phosphorylation at
tyrosine 1n cellular proteins which is accompanied by
return t0 normal cellular morphology.

CD45: the PTPase required for receptor mediated T
cell activation

The hunt for substrates of CD45 began when it was
found that its cytoplasmic tail possesses tyrosine
phosphatase activity. In T cells, manipulation of CD45
by cross linking to a number of cell surface molecules
has varicd functional effects;—cross linking with CD4
accentuates T cell activation and cross linking with
TCR results in inhibition®?. The cells that do not
express CD45 cannot be stimulated via the T-cell
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receptor pathway®!. This defect is corrected on
transfecting cells with CD45 DNA, suggesting that
dephosphorylation by CD45 1s a critical event in
receptor mediated T cell activation®* >3,

In vitro, CD45 has been shown to dephosphorylate
pS6lk at its negative regulatory site Tyr-50S, thereby
increasing its activity*®, Antibody mediated cross
inking of CD435 and CD4 blocks the phosphorylation
of pS6ik induced by cross linking with CD4 alone,
indicating that p56' may be one of the physiological
substrates of CD45 (ref. 56).

MAP kinase p42 purified from EGF stimulated 3T3
cells 1s deactivated by treatment with CIDD45 or Ser/Thr
phosphatase PP2A%7, Inactivation of MAP kinase by
CD45 correlated with dephosphorylation at tyrosine
residues. The MAP kinase is active only when both Tyr
and Thr residues are phosphorylated.

The non-receptor PTPases

In the case of low molecular weight PTPases, T cell
PTPase and PTPase 1B, functional studies have been
carried out by either microinjecting the enzyme or
overexpressing in specific cells. In BHK cells, expression
of the 48kD T-cell PTPase and its truncated 37kD form
(which is more active), blocked the action of PDGF in
inducing the phosphorylation of tyrosine residues tn a
number of proteins®3, One of them, with an apparent
molecular weight of 140kD may be phospholipase €,
which has been shown to be dephosphorylated by the T-
cell phosphatase in vitro®®, Expression of the truncated
form gives rise to a multinucleated phenotype and a
marked asynchrony in entry of syncytial nuclel into
mitosis'®. Some nuclei possess metaphase charactenstics
while others remain in interphase.

Injection of the truncated form of PTPase 1B into
xenopus oocytes changes the phosphorylation state of
tyrosine restdues in proteins; one of them with
molecular weight similar to the fS-subunit of the insulin
receptor®®, PTPase 1b has been shown to dephospho-
rylate this enzyme in witro®'. It also blocks the
activation of an S6 peptide kinase®®

A PTPase of Mr 36,000 punfied from particulate
fracion of rat spleen could dephosphorylate and
inactivate a tyrosine kinase in vitro®?. The activity of
this kinase greatly increases on autophosphorylation®’
and 1t seems possible that this phosphatase may be
involved in regulating its activity in vivo. The activity of
a tyrosine kinasc purnfied from rat lung has been shown
to be regulated by autophosphorylation, Dephosphory-
lation inactivates the enzyme®?.

cde 25 gene product: The phosphatase involved in
cell eyde

In S. pombe, mutations in genes regulating the cell eygle
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have provided insights into the role of tyrosine
phosphorylation in regulating the activity of p34cdc?
kinase. The product of the gene c¢de25 was found to be
essential for entry into mitosis and a Tyr-15-Phe-13
mutation in p34 could bypass the requirement for
cdc25. The product of this gene is a phosphoprotein
whose level varies throughout the cell ¢ycle® and it is
the phosphatase that dephosphorylates Tyr-15 and
activates the p34 kinase®>. When cdc25 defective cells
were complimented with human T-cell PTPase the
amount of phosphotyrosine in p34 was inversely
dependent on amount of phosphatase expression, and
correlated with the size of cells as they entered
mitosis®®.

Similarly, bacterially expressed human e¢dc25 is
capable of dephosphorylating and activating purified
inactive p34-cyclin complex from star fish oocytes®’.
Further confirmation that cdc25 product acts as a
phosphatase comes from the {inding that an enzyme
which can dephosphorylate serine and tyrosine from
Vaccinia virus shares homology with ¢dc25 in the C
terminus region®®. In higher eukaryotes'4, Thr-14 in
the ATP binding site is also phosphorylated in p34<dc?
and activation reguires dephosphorylation of both
restdues. If cdc25 product could dephosphorylate both
these residues, it would serve the function of activating
the kinase and triggering mitosis in eukaryotes.

Concluding remarks

Although the precise functions of the individual
PTPases in most cases are not known, perturbations in
their activity can dramatically change the normal
physiclogical properties of eukaryotic cells. They may
at one extreme serve a house-keeping f{unction by
passively counter-acting the action of kinases or at the
other extreme play a critical role in response to changes
in cellular environment, providing the cell with the
regulatory apparatus for rapid increases or decreases in
tyrosine phosphate levels of specific proteins.

One¢ question that remains to be answered 1s whether
each phosphatase in the cell acts specifically on a
particular  kinase, or more generally on arious
substrates. If the former proposition is true, the coming
years would see the discovery of many more tyrosine
phosphatases. The finding of homology with transcri-
ption factors ‘Fog” and *Jun’ in the C-terminal domam
of & low molecular weight tyrosine phosphatase creates
the possibility of attributing new functions to these
enzyntes®?,

What determines whether a phosphornylated tyrosine
would lead to increase or decrease in enzyme activity 3
not known. The amine acid sequence around  the
nhosphorylated tyrosines (positive and nepative regula-
tory sifes) Jdoes not show any sigmficant homology
(Fable 1) in unrelated protein Linases, Determunation of
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secondary and tertiary structure of the protein kinases
possessing posttinve and negative reguiatory phosphory-
latton sites may lead to an understanding of the
opposing cffects on enzyme activity.

Phosphorylation-dephosphorylation at regulatory
tyrosine remdues which result in changes in enzyme
activity are likcly to induce structural and conformatio-
nal changes in the substrate proteins. In the case of
glvcogen phosphorylase, which is activated by phosph-
orylation at Ser-t4, the N-terminus of each subunit
assumes an ordered helical conformation upon phosp-
horylation and binds to the surface of the dimer’®. The
consequent structural changes at the N- and C-
terminal region lead to strengthened interactions
between subunits and alter the binding sites for
allosteric effectors and substrates. Such detatled studies
of structural changes have not been carried out by
crystallographic or other techniques with the enzymes
regulated by phosphorylation at tyrosine.

PTPases have been postulated to act as antioncoge-
nes by confercing resistance to transformation by
oncogenic tyrosine kinases. Deletion or inactivation
may cause increased tyrosine phosphorylation and
stimulation of cells te uncentrolled growth. There is
evidence in this direction; some cases of lung and renal
carcinoma have deletions in the chromosomal region
(3p) that harbors the gene for a receptor tyrosing
phosphatase’’. Hill et al,, produced a cell line carrying a
tyrosing phosphatase gene into which the neu oncogene
was introduced. They found that transformation did
not take place in these cells unlike in the controls
without the phosphatase gene’2.

Some PTPases cause increased tyrosine phosphory-
lation by activating the kinases. Mutations in these
enzymes could cause disturbances in normal cell
division. A better understanding of their role can be
obtained when we gather further evidence of the
various functions these enzymes play and how they are
regulated.

That tyrosine phosphatases are necessary for signal
transduction processes 18 evident from the fact that
pathogenic bacteria use these enzymes to disrupt host
signalling pathways, thereby blocking an immune
response . The bacteria themselves do not require
these enzymes for their in vivo functions. In yeast,
expression of a non-receptor type PTPase does not
cause general morphological changes®®, indicating that
modification by tyrosine phosphorylation—dephospho-
rylation might have evolved to regulate cell cycle. It is
in the higher organisms that this process has been
expanded and exploited for diverse roles. Regulation of
growth, differentiation, development and physiological
responsiveness to various stimuli in multicellular
organisms would require many specific receptors
coupled to signal transduction pathways. Phosphoryla-
tion—dephosphorylation at tyrosine provides the cell an
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appropriate mechanism to carry out these functions.
Tyrosine phosphorylation might have evolved 10
regulate the receptor-mediated signal transduction
process leading a cell to division cycle or to specific
differentiation, developmental or activation pathways.
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An evaluation of global warming and its impact

U. R. Rao and S. C. Chakravarty
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Energy balance model has been calculated to assess the
magnitude of the average global warming by the middle
of the next century. It is shown that an increase in
temperatures by about 4K by the year 2050 as
comparcd to the pre-industrial era (~ 1800 AD) could
result from the projected growth of atmospheric
concentrations of major grecnhouse gases i.e. carbon
dioxide, methane, nitrous oxide and chlorofluorocarbons
(CFCs). The changes in global warming are considered
for different scenarios including the proposed regulatory
measures on the use of CICs. It is shown that even
though the adoption of the revised Mootreal Protocol will
reduce the global warming due to CFCs by almost 50%,
the projected overall global rise in temperature will still
be about 2.7 K by the ycar 2050. The possible climaltic
impacts of the global warming on a few bieogeephysical
parametcers are found to be alarming, Unless prompt
action is taken fo control the emission flunes of other
major preenhouse gases on hnes similar to CI°Cs, the
consequences may be severe for hife on earth,
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Introduction

Increase in greenhouse gas concentrations and
global warming

Tie distinct possitality of continuous plobal warming
in the coming decades and the climatic changes as o
result of the drastic increase in the greenhouse gases of
anthropogenic origin is now generally well aceepted 2
The perturbation in carth's radiative forcing caused by
increasing tropospheric concentration of carbon diovide

(CO,) due o fosst fuel burning and deforestation has

been the main focus of attention. Long-peniod data

collected over the Hawauan station Maundg Loa sinee

1958 reveaded? a systematic ineresising trend of atmos-
pherie fraction of CO,0 Over the past 20 years the
annual rise m atmosphetic fraction of CQ, coneentra-
tton has been particularly hugh, about |3 ppmv (parts

per nuthon by volume) due to aceelerated rates of fosai
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