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ABSTRACT

The amino acid sequence of the g-subunit of ATP-synthase in the nucleotide-binding region
is highly homologous to the amino acid sequence of N-terminal region of structurally-related,
21,000 dalton ras gene proteins, p2l. The sequence homology extends to other protetns like
yeast gene encoding protein YP2 and other mononucleotide-binding proteins that use GTP {or
ATP) in catalysis, like a-transducin, suggesting a common structural motif, gaf at the
nucleotide-binding region of these proteins. Depending on the topology of this motif, a single
residue at the B-a junction or a patch consisting of more residues at this region would be

important for normal protein function.

INTRODUCTION

THE active site of the mononucleotide-binding
protemn, ATP-synthase is found in the S-subunit
of the Fl-part. The amino acid sequence of the
nucleotide-binding region in B-subunit of Fl-part is
highly homologous with the amino acid sequence of
N-terminal region of structurally-related ras gene
proteins, p21'. Each functional member of the ras
gene family, virus and human is split into four
exons. The first exon encodes the N-terminal 37
residues of a 21,000 dalton protemn, p2l. Normal
cellular ras gene protein p21 has glycine at position
12. Single amino acid change in the first exon at
position 12 (single-point mutation) activates the
oncegenez‘m

p21 Protein displays a strong affinity for GTP and
GDP and by specifically binding to GTP and GDP'..
p21 may resemble G-nucleotide-binding regulator
proteins, such as the elongation factors of protein
synthesis (EF-Tu_& EF-G)!2. The a-subunits of
transducin'?, GTPase of bovine rod outer
segments'*** and of G-proteins’>!® also share
homology with ras gene products. These homolo-
gous segments correspond mostly to the regions
involved in the guanine nucleotide-binding and
ADP-ribosylation sites of these proteins.

Comparison of the sequence of 37 N-terminal
residues (first exon) of the normal p21 protein with
sequences of the dinucleotide-binding proteins with
BaB structural motif and with other proteins that
are known to bind nucleotides was carried out 72",

**The number of ammo acids and thelr sequences in
a-transducin and «-GTPase are the same and, hence, they
are the same protein(s) reported by these two groups,

Wierenga and Hol'’ suggested structural role to the

glycine residue at position 12 (II glycine) in trans-
forming properties, by visual inspection of the
sequences and model building. Méller and Amons®
suggested glycine at position 1§ (III glycine) as the
most important, because of G15 being the most
invariant in most of the nucleotide-binding proteins,
rather than G12 for (pyro)phosphate binding.

Due to the importance of these studies, and to
establish if there exists a common structural motif at
the nucleotidesbinding regions of the nucleotide-
binding proteins, a more systematic analysis of
amino acid sequences has been carried out to
identify similarities between sequences of proteins
known to bind nucleotides and those of suspected
nucleotide-binding property.

METHODOLOGY

The residues (23 in number) corresponding to the
B-a« unit of porcine lactate dehydrogenase
(LDH)2!**, equine liveralcohol dehydrogenase
(LADH)®, lobster glyceraldehydephosphate de-
hydrogenase(GPD)**, glutathione reductase(GR)™
and p-hydroxybenzoate hydroxylase (PHIBH)™® were
chosen as probe sequences to lociate potential
nucleotide-binding region in other proteins. FAD-
and NAD-binding proteins have Saff moiety (see
for example Wierenga ef af'*>"). The probe in the
present analysts was limited to 23 residues cone-
sponding to the known S-a moiety of this region of
sequences since no deletion or insertion within the
segmcit is observed, For each pusition of the probe,
an average value of Chou-Fasman parameter for a-
helix, g-strand and reverse turn potentiabs was
computed™. The probe sequences were compared
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Table 1 Sequence homology of (B-a region} of nucleohde-binding proteins

Name Rewidues S 10 12 15 20 23 27 Relerences
LDH 22—44 K I TVVGVGAVGMACAI SI LMKDL 21.2
I.ADH 194216 T CAVFGLGGVGLSVI MGCKAAGA 23
GPD 2-2 K I GI DGFGRYI GRLVLRAALSCGA 24
GR 22-44 D YLVI GGGSGGLASARRAAELGA 25
PHBH 4-26 Q VAIITIT GAGPSGLLLGQLLHEKAGI 26
pol §5-27 K LVVVGAGGVGKSALTI QLI QNH 2,8
T-24 5-27 K LVVVGAVGVGKS ALTI QLI QNH 2,7
ATFPase 151-173 K I GLFGGAGVGKTVFIMELI NNV 230,31
Yyp2 10-32 K LLLI GNSGVGKSCLLLRFSDDT 32
a-tubulin 138-160 F HSFGGGTGSGFTSLLMERLSYVD 34
GTP-AMP Phos. 7-29 L RAI MGAPGSGKGTVSSRI TKHF 40
Prot hinase 44-66 K T KTLGTGSFGRVMLVKHMETGN 39
Adenviatehinase 9-32 KI I FYVYVGGPGSGKGTQCEKI VQKY 33
ATP-AMP ir. phos. 9-32 Kl I FVYVYGGPGSGKGTQCEKI VHKY 41
EF-Tu 13-35 N VGTI GHVDHGXTTLTAAI TTVL 35,36
Fe-nitrogenase 4-26 Q CAI YGCKGGI GKSTTTOQNLVAAL 37, 38
GTPase {a) 31-53 K LLLLGAGESGKSTI VKOMKI T H 13,14
G-protein 35-57 K LLLLGAGESGKSTIVKQMKI I H 15,16

OTP-AMP Phos.: GTP-AMP Phosphotransferase
Prot. Kinase: ¢-AMP dependent protein kinase
ATP-AMP 1r. phos.: ATP-AMP transphosphorylase

Numberning at the top corresponds 10 that of p21 proten; single-alphabet nomenciature of peptides 1s followed,
A(Alza); C(Cys); D(Asp); E(Glu); F(Phe), G(Gly); H(His); I(Ile); K(Lys); L{Leu), M(Met); N(Asn); P(Pro);
Q{Gln); R{Arg); S(Ser); T(Thr); V(Val), W(Trp}; Y(Tyr).

with every possible 23 residues segments of sequences
of suspected nucleotide-binding property. The
ahgnment of the sequences of dinucleotide-binding
probes with possible nucleotide-binding proteins,
based on the sequence and structure, culled from
the literature, is shown in table 1.

For each comparison, the following quantities
were computed: (1) Correlation coefficient between
Chou-Fasman parameters of the chosen segment
and the probe. This is defined as

23
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where f;, is a Chou-Fasman parameter at the ith
position in the selected segment and (f,) 18 the
average value of this parameter for the whole
segment. Similarly p stands for probe. (1) The
number of residues of the segment which are
identical to any one of the residues found at the

corresponding position of probe sequences. (iti) The
sum of the scores’® obtained by comparing each
residue of the segment to a residue chosen from the
corresponding position of the probe so as to
maximize the score obtained.

An average value of correlation coefficient and a
root-mean-square deviation from this value was
obtained using correlation coefficients obtained for
all comparisons involving the selected sequence.
From (ii)) and {(in) a cumulative distribution of
identities and scores was obtained. The mean
correlation coefficient, as anticipated, was always
close to zero and the root-mean-square deviation
was ~ 0.04. Local similarities are revealed if (i)
correlation coefficient s significant in comparison
with its fluctuation; (i1) the scores are significantly
higher than the anticipated scores on the basis of
cumulative distribution. These tests were chosen to
locate segments with a high degree of similanties
with the probe sequences. Also, in each case, the
segment of the sequences that shows best agreement
in terms of each of the parameters was selected. It
might be anticipated that each of these selections
will point to the same segment if the similanty 1s
highly significant. The three tests meac<ure rather
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Table 2 Correlation parameters for nucleotide-binding proteins with -« moiety

w————.—_—_—-——-——__—_l—-———__—-—

Segment Seg. with Seg. with
with  Correla-  highest McLa- largest No. of
tMean Std. dev highest tion of Mclachlan chlan identical identical
Protein Residues cc  of c.c C.C Score Score residues residues References
p2l s-21 0.0 0.17 5-27 (.69 5-27 48 5-27 13 2,8
ATPase 151-173 0.0 0.17 151-173 (.48 151-173 50 151-173 14 30, 31
YP? 10-32 0.0 0.18 10-32  0.58 10-32 48 10-32 14 32
a-tubulin 138-160 0.0 0.17 138-160 (.52 375-397 44 139-161 12 34
GTP-AMP Phos. 7-29 0.0 0.17 7-29  0.52 7-29 43 127-129 11 40
Adenylatekinase 9-32 0.0 0.18 112-134 0.54 112-134 43 112-134 11 33
ATP-AMP
tr. phos. 9-32 0.0 0.18 9-32 .52 170-192 42 6-28 11 41
EF-Tu 13-35 0.0 0.18 101-123 0.51 370~392 45 370392 13 35, 36
Fe-nitrogenase
(A. Vinelandii) 4-26 0.0 0.19 4-26  0.57 4-26 48 4-26 14 37, 38
a-GTPase
{a-transducin) 31-53 0.0 0.17 31-53  0.51 31-53 46 65-87 12 13, 14
G-protein 35-57 0.0 0.16 35-57 0.51 35-57 46 71-93 il 15, 16

different aspects of protein sequence. Chou-Fasman
parameters measure the propensity of the sequence
to assume a particular stricture while the sequence
comparisons measure the possible evolutionary con-
vergence or divergence to a particular suitable
sequence. The results obtained are given in table 2.

DISCUSSION

From the sequence comparison and model build-
ing studies of BaB region of the dinucleotide-
binding proteins, Wierenga ez al'’'? suggested a set
of “thumb rules” to test whether a particular
sequence will have BaB motif. These rules can be
summerized as:

(i) The presence of hydrophilic residue (usually
lysine) at the beginning of the I B-strand. (i) The
sequence G-X-G-X-X-G in the region adjoining the
I B-strand and the N-terminus of the a-helix.
(iii) The occurrence of several neutral, often hyd-
rophobic residues at these positions, which are
involved in forming the hydrophobic core of the
BaB-unit,

(iv) The presence of a negatively ¢harged residue
(Asp or Glu) at the C-terminus of the Il B-strand.

According to Wirenga ef al a “core finger-print”
consists of three glycine residues and an acid residue
(D or E). Wirenga and Hol suggested a structural
role to the position 12, that glycinc at position 12 (11
glycine) is essential for the proper function of
protein p21. But, Moller and Amons® contended
that glycine at position 15 (III glycine) rather than

the residue at position 12 is more important for
(pyro)phosphate binding and hence substitution at
the equivalent position 15 is expected to have a
greater influence on GDP binding in mononuc-
leotide-binding proteins. They suggested the sequ-
ence-G(1st)-X-X(2nd)-X-X-G(3rd)-K to occur in
mononucleotide-binding proteins and G-X-G-X-X-G
in dinucleotide-binding proteins (table 3).
Though B-subunit of F1-ATPase®+’!, yeast gene
encoding protein YP2%2, adenylate kinase®, a-
tubulin®, elongation factors>%. Fe- and FeMo-
nitrogenases’-*® and other nucleotide-binding pro-
teins have similar homologies at the nucleotide-
binding region, only normal p2} and other GTP-
binding proteins like a-trandducin and G-proteins
adhere to the criteria as suggested by Wierenga ¢t af
for BapB motif. The first criterion, namely, hyd-
rophilic residue (K) at the beginning of the I
B-strand is adhered to by some nucleotide-binding
proteins, like ATPase, YP2, G-proteins, but are not
adhered to by other nucleotide-binding proteins like
a-tubulin, Fe-nitrogenase®”*, GTP-AMP phos-
photransferase™ and others. There are also excep-
tions to the second cniterion that glyctne occurs at
the equivalent position 12 (II glycine). Again, excep-
tions are found to the fourth criterion also, that is,
to the occurrence of negatively charged residue at
the C-terminus of the second B-strand {examples.
ATPase, YP2, EF-Tu, Fe«nitrogenase ete.).
Normal cellular function may not be possible far
ras gene p2l protein when glycine at position 12 (11
glycine) is replaced, but is certainly possible in spite
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Table 3 Scquence homology ai the equivalent posuttion 12 for the BafS mouf

| Il 1§

10 12 15
Protem Residues G X X X X G X' References
LDH 27-33 G V. G AV G M 21,22
LADH 199-205 G L G G V G L 23
GPD 7-13 G F G R I G R 24
GR 27-33 G G G S G G L 25
PHBH 92-15 G A G P § G L 26
p21 W0-16 G A G G V G K 2,8
V-ras-H G AR GV G K 4
V-ras-K G A S G V G K 10
V-ras-Ra G ARGV G K 6
T-24 G AV GV G K 2,7
Calu-1 lung
carcinoma G A C G V G K 3
SW480- colon
carcinoma G AV GV G K 3
ATPase 156-162 G G A G V G K 30, 31
YP2 15-21 G NS GV G K 32
a-tubulin 143-1499 G G T G § G F 34
GTP-AMP Phos. 12-18 G A P G S G K 40
Prot. Kinase 49-5 G T G § F G R 39
Adenylatekinase 1521 G G P G § G K 33
ATP-AMP tr. phos. 15-21 G G P G S G K 4]
EF-Tu 18-24 G H V D H G K 35, 36
Fe-nitrogenase 9-15 G K G G TI G K 37, 38
GTPase () 36-42 G A G E S G K 13, 14
G-protein 40-46 G A G E § G K 15, 16

Numbering at the top corresponds to that of p21 protein; single-alphabet nomencla-
ture 1s followed. X & X' are for any peptide residue.

of the replagcement of glycine at the equivalent
position 12 (Arg, Pro, Ser or Glu in ATPase; and
Ser in YP 2) without any change in protein function
for large number of nucleotide-binding proteins.
The function of ATPase, transducin, adenylate
kinase and YP2 etc may be similar to that of p21,
but may have altered specifications. Therefore, the
binding region of the nucleotide-binding proteins
may have the general Bap structural motif with
different topologies.

The suggestion of Moller and Amons that mono-
nucleotide-binding proteins having the sequence
G-X-X-X-X-G-K may be in general true, but there
are exceptions to this observation (a-tubulin™,
c~AMP dependent protein kinase*). As pointed out
by them, the sequence of EF-Tu®® at residues
224-230 is *G-X-X-X-X-G-R*, but the N-termin-
al region of the LEF-Tu is the phosphate-binding
region due to better homology with other menonuc-
leotide-binding proteins and the consistency of the
proposed location of the (pyro)phosphate group

near the N-terminal end. Another example of this
kind worth noting is the sequence in a-tubulin. Even
though the sequence of a-tubulin at restdues 106-
112 is '%G-H-Y-R-I-G-K'*2, in accordance with the
suggested sequence G-X-X-X-X-G-K, this region is
unhkely to be phosphate-binding region due to lack
of homology with other nucleotide-binding proteins;
but the region at the sequence 143-149, ''G-G-T-
G-S-G-F'%, is accepted as the (pyro)phosphate-
binding region. With occasional exceptions the
sequence pattern-G(1st)-X-X(2nd)-X-X-G(3rd)-X’
(X and X' are any amino residues and others are
represented by single alphabet nomenclature for
amino acids. X’ is in general lysine for mononucleotide-
binding proteins) can be proposed for both mono-
and dinucleotide-binding proteins.

For ras gene protein p2l, whether the most
crucial residue is glycine at position 12 (2nd glycine),
according to Wierenga and Hol, or glycine at
position 15 (3rd glycine) according to Moller and
Amons, I1s subjective and arguable. It is true for
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(most of) the nucleotide-binding proteins that the
glycine at the equivalent position 15 (3cd glycine) is
invariant. In all the nucleotide-binding proteins the
glycine at the equivalent position 10 (I glycine) is
also invanant and has exceptional ¢, i conforma-
ticn angles. Even when a particular residue is
crucial, the effects of neighbouring residues upon it
cannot be over looked. For the oncogenic p2l
proteins, to have such a specific topology, that a
single-point mutation would lead normal cells to
malignant cells, and the glycine at the position 12
could not be replaced by another residue without
altering the nucleotide-binding properties of p2l,
the SB-a junction should have a sharp turn (hairpin
turn) so that G12 is at the ‘apex’ of the 8-a tum; and
perhaps the hydrogen bond between I and II
B-strands keeps this ‘rigid’ BaB8 motif. When one
considers the possible effects of neighbouring re-
sidues (of such a motif) on the ‘crucial’ residue, it
appears likely that instead of a single residue at the
B-a junction being crucial a patch consisting of more
than one residue at this position would be more
relevant in understanding normal protein function.
As for ras gene p 21 proteins, a sharp bend (hairpin
turn) at the position 12 may be a special case of the
general structural motif Saf for the nucleotide-
binding proteins.
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NEWS

OLYMPUS 1 SATELLITE FOR SOLAR SIMULATION TESTS

The Space and Communications Division of British
Aerospace has successfully completed the assembly

and integration of the world’s largest and most
powerful avi] three-axis stabilized communications
satellite.

A specially chartered Belfast transport aircraft
took the multipurpose Olympus 1 satellite from
Stansted to Pasadena, California, where it will start
its solar sunulation tests in early June in NASA’s jet
propulsion laboratory. The tests are designed to
prove that the thermal design of the spacecraft copes
with severe extremes of temperature encountered in
space,

From there 1t will go to the David Florida
Laboratones in Canada for further environmental

testing and will be ready for launch in September
1988.

Assembled and integrated at the Space and
Commuications Division’s Stevenage factory, the
body of the satellite measures 2.9 m (9 ft. 6 in.)
wide and 15 5.6 m (18 ft. 4 in.) long. Its solar array
stretches over 25.6 m (84 ft.).

Once n orbit, Olympus 1 will demonstrate its
multi-communications payload, pioneering the way
for a new generation of satellites which will repre-
sent the largest and most powerful range of com-

munications satellites in the world. (BIS: B235,
Issued by British Information Services, British High
Commission, Chanakyapuri, New Delhi 110 021).

NATIONAL SYMPOSIUM ON INDUCTION MELTING SYSTEMS FOR FERROUS ALLOYS

The Director General, Technical Development,
Government of India has sponsored holding of the
above Symposium under the joint auspices of the
Indian Institute of Metals and All India Induction
Furnaces Association at New Delhi on 25th & 26th
September, 1987,

The symposium wil) provide a forum for interac-
tion amongst the technologists, entrepreneurs and
users of ferrous alloy products. Since Induction
melting systetn is becoming fairly a competitive

route for melting ferrous castings, stainless steel
ingots and castings and other ferrous alloys as such
the two days deliberations all aspects of Induction
melting system will be discussed.

Invited papers and contributed papers will be
presented in the Symposium. Suitable recommenda-
tions will be made for consideration of concerned
Government Departments and others. Further de-
tails can be had from the Secretariat Office for Sym-
posium, B-31, Deepali, Pitampura, Delhi 110 034.




