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Prostatic inhibin (94 amino acid residues,
M, = 10,540) is a protein isolated from the human
and animal prostate glands. Three-dimensional
structure of this cysteine-rich {10/94) protein has
been studied by NMR spectroscopy. Preliminary
investigations previde valuable information on the
sccondary structure of this protein, It is found to

acquire a predominantly anti-parallcl J-sheet struc-
ture and possibly the molecule is locked into several
such shecets through disulphide linkages.

PROSTATIC inhibin is a protein with 94 amino acids and
molecular weight of 10 kDa. 1t has been isolated from
the human and animal prostate glands!. More than a
decade of research has cstablished a wide range of
its biological activitics, ranging from preventing
preghancy to curing prostate cancer, Inhibin prevents
pregnancy by modulating the level of circulating
follicle-stimulating hormone (FSH) in mammals'. It
suppresses prolacting, a hormone that promotes lacta-
tion?. Therefore, ncutralizing inhibin through active
immunization has been found to increase milk produc-
tion. Although the primary structure of this molecule’
has been determined, no information is available so far
about the three-dimensional structure. OQur preliminary
NMR investigations throw light on the three-
dimensional structure of proslatic inhibin — an informa-
tion of great value, in view of the useful biological
activities of this molecule.

About 20 mg of HPLC pure protein® was dissolved in
0.5 ml of an appropriate solvent (approximately 3 mM)
and buffered with 100 mM acetate buffer. The pH was
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Figure 1. 500 MHz 't NMR spectrum of prostatic infubin 1n a mired
solvent of 90% H,0 + 10% 2H,0 at 310 K and pH 4 2 (acetate buffer).

adjusted to 4.2. NMR measurements were carricd out in
99.9% “H,0O and in a mixed solvent consisting of 90%
H,O and 10% °H;0. Temperature was optimized for the
best possible resolution and all spectra were recorded at
310 K. NMR experiments were carried out on a Bruker
AMX 500 spectrometer with a 'H frequency of
500 MHz and involve (1) two-dimensional (2D) two-
quantum-filtered corrclation spectroscopy (2QF COSY),
(ii) 2D clean total correlation spectroscopy (clean
TOCSY) with a mixing time of 100 ms, and
(iii) 2D nuclear Qverhauser enhancement spectroscopy
(NOESY)”.

Prostatic inhibin has about 600 observable protons,
The 500 MHz NMR spectrum shows reasonably well
resolved features. Figure 1 shows the 1D 'H spectrum
of the protein in a mixed solvent of 90% H,0 and 10%
?H,Q. Figure 24 and 28 show 2QF COSY and NOESY
spectra, respectively, in 99.9% -“H,0. A dctailed
analysis of these and other spectra has enablcd us to
identify several spin systems. These include eight
threonines, five valines, two glycines, one leucing, one
isoleucine and twenty-one AMX spin  systemns
(belonging to Cys, Ser, Asp, Asn, Tyr, Trp, His and
Phe). The subspectral features arc well dispersed. For
example, the CyH-C,H; correlations for all the eight

threonine residues present in the prostatic inhibin are
shown in Figure 3. Thus, at this stage, we have been
able to identify almost half of the spin systems, Even in
the abscnce of sequential resonance assignments, the
NMR data provide valuable information on the
secondary structure of this protcin.

In the first instance, the 1D spectrum (Figure 1)
indicates that the protein has a well-defined and
ordered structure. There are several downficld-shifted
C.H protons as well as several upfield-shifted methyl
resonances. The downfield shift of the CoH protons 1s a
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Figure 2. g, 2QF COSY specirum of prostatic inhibin in 99.9% 2H,0 at
310K and pH 42 (acetaie buffer) Expenmental parameters: /£,
= 65.4 ms, bmay = 409.6 ms; recycle delay = ) 8, 96 scans/fy increment; lime
domain data poinis, 654 and 4096 along ¢, and fy dimensions, respectively,
The 'H carmer frequency was on the water resonance. The data were
multiplied with unshifled sine-bell window functions along both the axes and
zero-filled to 2048 along the f, dunension prior to 2D FT. The digital
resolution along @, and (0, corresponds to 488 and 2.44 liz/pomnt,
rﬂam-ctivﬂly. b, Pure absorption 2D NOESY specttum of prostatic inhibin in
99 9% 211,0. Experimental parameters: 1t =60.0ms, muxing time
(%)= 120 ms; 128 scans/t; increment; time domain data points, 600 and
4096 along ; and t, dimensions, respectively. The data were muluiplied with
sine-bell window functions shilted by n/4 and x/8 along ¢, and #; axcs,
respectively, and zeso-filled to 2048 data points along the 1) dimension prios
to 2D FT. Other expenmenta] and processing parametens were the 5ame as in
the cane of 2QF COSY.

CURRENT SCIENCE, VOL. 65, NO, 10, 25 NOVEMBER 1993

2 QF-COSY

3.6

3.8

4,0

4.2

4.4

4.6

4.8

epm

ppm 1.2 1.0 0.8

Figure 3. Selected region of 2QF COSY spectrum {Figure 24) of
prostatic inhibin showing through-bond correlations from Cg H protons

to C (H; protons for all the eight threonine residues in prostatic inhibin.

direct .consequence of the deshielding effect of hydro-
gen bonds in their vicinity. The upfield shift of methyl
resonances can be attributed to an interaction between
different méthyl resonances in close vicinity 1n the
hydrophobic core of the protein. Several amide (NH)
protons in the protein are well shiclded from water and
exchange very slowly with H,O.

The cross-peaks in NOESY spectra arise from short
interproton distances (typically <0.4 nm) and throw
light on the sccondary structure of the protein®. There
are several diagnostic features for establishing the
secondary structure of a protcin by NMR. For examplc,
in a-helices the secquential NH-NH distances (dyn) are
short (< 0.28 nm), giving rise to strong dy,! cross-pcaks
in NOESY spectra. Such dyy contacts are not seen In
parallel or anti-parallel P-sheets. However, in the
presence of PB-shect scgments of either type, ong
observes strong CoH-NH (dgn) cross-peaks in NOESY
spectra as the distance between C, H of the ith aming
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Figure 4. Schemane duagram o aste-pavaflel B-sheel depicting the

C U Co L contacts (adentilied by clhpses between the strands)
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Figure 5. Selected region of the NOLSY spectrum (Fig 258) of
prostatic tnkubin showing nO¢ connectivities between various C,H
protons. The C H-C,H contacts are eaplicitly numberad The peak
identified with an asterisk is the nOe¢ between C,lI and CgH protons
belonging to ene of the threonne residues n prostatic inlubin.

acid residue and NH of the (4 + 1)st residue is short
(<0.22 nm). To distinguish between parallel and anti-
parallcl P-sheel(s), one monitors long-range (C,H-C,H)
contacts. The distance between two C,H’s belonging to
the two strands of an anti-parallel [-sheet is less than
0.23 nm, giving rise (o a strong C,H-C,H cross-peak
in NOESY spcctra, In the case of parallel p-sheet,
C,H-C,H contacts are not observed because such
distances are larger than 0.48 nm. Thus, the presence
or abscnce of the above-mentioned cross-peaks in
NOESY spectra can be attributed to the presence or
abscnce of these three characteristic  polypeptide
segments, which form an intcgral part of most of the
protcins.

788

CoH

ppm g 8 7

tigure, 6. Sclected region ol the pure absorption 2D NOESY
spectrum of prostatic inhibin wn a mixed solvent of 90% H,0 + 10%
11,0 at 310K and pH 4 2 (acetate buffer). Experimental parameters
were as follows: &), =48 4 ms, lyn. = 360.0 ms; mixing ltme
(T )} = 130 ms; recycle delay =1s; 144 scans/t; increment, time
domain data poims, 550 and 4096 along f; and t, dimensions,
respactively, The TIE carrier frequency was on the water resonance. The
data were mulviplied with sine-bell window functions shufted by n/4 and
/8 along fy and I, axes, respectively and zero-filled to 1024 data points
atong \he 1y dunension prior 1o 2D FT, The dighial resolulion along
and w4 corresponds to 11.09 and 3.54 Hz/point, respactively.

As illustrated in Figure 4, the presence of two strands
of five amino acid rcsidues each in anti-parallcl
conformation results in two C,H-C,H contacts. In the
casc of prostatic inhibin, the NOESY spectrum
(Figurc 5) reveals at Icast twelve CoH~CgH contacts,
providing a direct evidence for the presence of
extensive anti-parallel p-sheet segment(s). One can
make an estimate of the total number of amino acids
involved in such a sirucwure, corresponding w0 a
minimum of twelve C,H-C,H contacts, for certain
model situations, for example: (i) two anti-paralicl
strands of twenty-five amino acids each; (ii) six pairs of
anti-parallel strands, where each strand is made up of
five amino acids; (ii1) three anti-parallel 3-sheets, each
onc with three anti-parallel strands of five amino acids
cach. ¢tc. These illustrative examples show that the
total number of amino acids participating in anti-
parallel P-sheet conformations may range between 50
and 70. On the other hand, examination of the NOESY
spectrum in the mixed solvent (90% H,O + 10% “H,0)
shows very few dyn connectivitics (Figure 6). This
indicates a virtual gbsence of o hehical structures,
which are characterized by short oy connectivitics, In
anii-paratlcl P-sheet (s) the dyy’s are approximatcely
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0.50 nm. Hence, onc would not see such contacts in
NOESY spcctra.

Thus, we conclude that prostatic inhibin acquires a
predominantly anti-parallel [B-sheet structure and
possibly the molecule is locked into several such sheets
through disulphide linkages.
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Cisplatin and ascorbic acid:
Synergistic antitumour effect against
Dalton’s lymphoma in mice

Suniti Sarna and R, K. Bhola
Department of Zoology, Gaubati University, Guwahati 781 014, Indta

Therapeutical potential of low dose of cisplatin alonc
or in combination with ascorbic acid was studied in
C;H/He mice bearing Dalton’s lymphoma. Sub-
therapeutical dose of cisplatin (3 mg/kg) was able to
increase the survival time of tumour-bearing mice
without any tumour-free survivor. Ascorbic acid
cnhances the antitumour cffect of cisplatin, resulting
in increased life span of tumour-bearing mice as well
as tumour-free survivors. The enhancement of cis-
platin-induced tumour growth inhibition by ascorbic
acid is probably due to the modulation of per-
meability of tumour cefl membrane which increases
the uptake of cisplatin into the tumour cells.

A number of side cffects of cisplatin like nephro-
tonicity, ototoxicity, ncuropathy and myclosuppression
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ar¢ widely described in various animals as well as in
humans'-’. Cisplatin-induced renal toxicity is the main
limiting factor for its clinical usc and can be partially
reduced by pretreatment hydration and administration
of furosemide and/or mannitol®, sodium 2-merca-
ptoethanc sulfonate” '%, nicotinamide or 3-amino-benz-
amidc'' and sclenium!'2, It is often not possible to
success{ully (reat tumours by increasing the dose level
of cisplatin because such therapy may be fatally toxic
though it reduces the tumour burden significantly!2 3,
Thus combination therapy with an agent which en-
hances the antitumour effect of cisplatin with little or
no enhancement of cisplatin’s toxicity is of value in the
treatment ol various tumours that fail to respond to
treatment with cisplatin alone. It has been reported that
nifedipine enhances the antitumour effect of cisplatin
(+ mg/kg) against the cisplatin-scnsitive murine amela-
notic mclanoma as well as Lewis lung carcinomal® 4.
Recently it has been reported that therapeutical poten-
tial of low dose of cisplatin (3 mg/kg) against Dalton’s
lymphoma s greatly enhanced when it is used in
combination with glucosc'? '%. The present studies were
underiaken to determine the combined cffect of ascor-
bic acid and cisplatin on the growth of Dalton’s
lymphoma In mice in order to find out the effect of
ascorbic acid on enhancement of tumour growth inhibi-
tion induced by a low dose of cisplatin.

C;H/He strain of mice-bearing Dalton’s lymphoma
originally procured from the Chittaranjan National
Cancer Research Instituic, Calcutta and maintained in
the laboratory by regular scrial transplantations was
used in all sets of experiments. The day of tumour
transplantation was taken as day 0. On the 6th day
mice-bearing palpable tumour was (reated 1p. with 4
repeated Injections of either 20, 40 or 60 mg/kg of
ascorbic acid The injections werc administercd On
alternate days. The survival period of tumour-bcaring
mice and the percentage of tumour-free survivors were
observed in each group (10 mice 1n eacClt group). For
combination therapy cisplatin was dissolved freshly in
balanced salt solution. Different groups of mice were
trecated with single 1p. injection of subtherapcutical
dose of cisplatin (3 mg/kg) along with repcated
injcctions of ascorbic acid (20, 30 or 60 mg/kg).
Cisplatin was injected on Gth day following tumour
transplantation. On the same day a single injection of
ascorbic acid (20. 40 or 60 mg/kg) was also given
followed by three repeated injections of ascorbic actd
on alternate days. The mean survival time of tumour-
bearing mice and the percentage of tumour-free
survivors were studicd in cach group of mice. ln the
cyperimental batch, the percentage of increased life
span was calculated by the following formula'’

Percentage of fncrcased lfe span = [(7- CYC = 100
7= mecan survival time of trcated mice, € = mean
survival time of untreated control mice,
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