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Folvarnmes are ubiquttuus biological catroils Wr have determined the X-ray crystal Strucmres of a number 
si~0l)mine salts and complexes of diamines with acidic amino acids in order to obtain stiuctural information 
on polyamine interactions. The conformations of diamines in the eomolexcr dimlay variations reflectinn the 
?cxibiiity in their backbone geometries. In ail the structures, the amino group p&&s are involved in hydro- 
gm bonds wirhout largo torsional siran on thc terminal C-N band. Bvaluation of th~. relative slze of elcclro- 
smut, ran der Wilds and hydrogen-banding interactions suggests that all the term might be of s i t  
afcance m the formation of polyamine complexes. 

Kemards: Poiyamines, X-ray diffraction, structure, interaction 

1. Introduction 
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In contrast to the extensive biochemical literature on polyamines, studies on th?:; 
structure and interactions with other biomolecules are relatively rare. These studies are 
limited to the inorganic salts of poiyamines'l and polyamines complexed with nucleir. 
acids, where polyamines are an inevitable part of the crystallization cocktai~'~. To oUi: 
quantitative information on different interactions responsible far polyamine specificir:,, 
we have determined a number of structures containing polyamines in different chemic.,] 
contexts. Brief reports of these structures have been p u b ~ i s h e d ' ~ ~ ' ~ .  Here we report an 
analysis of these structures. 

2. Crystallization of polyamine salts 

The structures of two inorganic salts of polyamines and six complexes of three diamines 
with two acidic amino acids are presented and analysed in this paper. 

2.1. Cadaverine dihydrochloride monohydrate 

Structures of the chloride salts of diamines of the type H2N(CI-I~),NHz for n = 3, 4 and 6 
have earlier been determined by X-ray diffraction  method^'^-^'. However, attempti to 
determine the structure for the amine whcn n = 5 (I,$-diaminopentane) were not success- 
ful". 1,5-diaminopentane or cadaverine is found as an intrinsic component of the p!m! 
virus turnip yellow mosaic virus22. Cadaverine dihydrochloride purchased from Skms 
was passed through a Dowexl (OH- form) column which retains chloride ions. The free 
amine eluted was neutralized to pH 7.0 by the addition of 1 N HCI. The resulting so l~f . i@~ 
was concentrated by lyophilization. This was layered with propanol and left undisturkd 
in a sealed test tube. Very hygroscopic, needle-shaped crystals appeared in a few days it 
was observed that these crystals could be used for diffraction studies if mounted in 2 

sealed glass capillary tube. 

2.2. Sym-homospermidine iriphosphate monohydrate 

Sm-homospennidine (NHI(CH2).,NH(CH2),NH2) is a rare polyamine found in relzgivcb 
large concentrations in sandal leaves and is a hnmologue of the more commpn sPei 
midine. It was purified €ram sandal leaves following published procedures". $m- 
homospermidine chloride obtained from this procedure was passed through Doaexi 
resin. 'fie eluted Eee mine was titrated with 2 N phosphoric acid till the pH reducedto 
and the sample was dried in vacuum. The phosphate salt of the amine crystallized fron 
aqueous du t ion  by slow diffusion of propanol. Thc needle-shaped crystals obtained 
&.few days were stable when exposed to air. In contrast, thc chloride salt prepared bj " 
s*mlla~ procedure was highly hygroscopic and unsuitable for diffraction experimen' 
H>.~rosco~icit~ is a common property shared by many other chloride salts of ! J o l ~ ~ ~ ~ ~ ~ ~  
'Ixis  is related to the large hydration energy of chloride ions. 

The complexes of diamines 1,3-diaminopropane, 1 &diminobutane and 1,6-dlal~'Y 
with acidic amino acids aspartic and glutamic acid we= used in the present wairs* 

All the diamines and amino acids were purchased from Sigma. chloride-free amines 
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Table1 

~ h t  ofstrtroctures reported in this paper 

I. Cadaveline 

dhydrochloride 
monohydrate 

? Sp-homospermidine 
triphosphate 
monohydrate 

3. Putrescine L-glutamic acid 

complex 

4. Puhcscim DL-glutmic acid 

complex 

i. Pulrescine baspartic acid 

complex 

NH;(CH2),NH; PC1 H20 1,s-diaminopenrane 
dihydrochloride 
monohydrate 

NH: (CH,),NH.R1;(CH2)rNH$ (H,PO, ), H20 1,9-diamino-5- 
azanonane triphosphate 
monohydrate 

2(glutamic acid) 

Z(g1utarnic acid) 

l,4-diamioubufane 

?(aspartic acid) 

Sa Tde Chemicoi formula Nomencloture 

6. hpanediamine L-glutanic acid (MI;(CH,)?NH:) 1.3-dianinopmpane 

cnmplex 

1. Pm~anediamine DL-glutamic 

acid complex 

8. Hexmediamine L-giuramic 

acid complex 

P(g1utanic acid) 

Z(g1utarnic acid) 

(NHi(CHz)sNW) 1,3-diammhexane 

Z(glutamic acid) 
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Tabla I1 

CrystaUographic parameters of the structures reported in this paper 

Parameter Slnrcture 

1 ' 2  3 4 5 6 7 8 

Chemical formula CioHs2Ni 
CLOl 

Formula wt 382.2 
0. 1.22 
Wavelength (A) 1.542 
p (cm-'j 53.4 
cell' o 11.814 

b 4.517 
c 20.370 

rr 90.00 

b 106.56 
90.00 

Space p u p  P2 
z 4 
No. of observed 1480 
reflections 
Sigma cut-off 5 
limit on Fs for 
paiameten 
No. ofparameters 175 
refined (nan- 
hydrogen atomj 
No. of reflections 1383 
above cot-off 
R-faelor: 0.101 
Goodness of fit' 1.32 
( J ' u ) ~  0.219 

P h ,  0.59 
Pi, -0.64 

'Disiauccs are in A; angles are in degrees. 

'R = Z i ?Xo) !  - \F(c):i) ! X \F(O)I 

"OF ( fw i .F fo )  - iFic)ij21(m - nj)"' where m i s  the number of reflections and n the number of ~ a r a m ~ ~ ~ ~  
rdncd. 
%xin~rn, rhiftediesd in final cycle of refinement. 
'"i.%wim~m and minimum values of electron density in difference Fourier at the end of refinement. 
D,: Density cdculated. 
u: LiresrabaoFption coeflicitnt. 

4. X-ray examination and structure solution 
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$iffraction data were collected to a resolution of 0.85 A, using w/20 scan. In most cases, 
one asymmetric unit of data was recorded. The reflection intensities were corrected 

for radiation damage (which was always insignificant), and Lorentz and polarization fac- 
$IS. The structures were determined using MULTAN or SHELEX86, the direct methods 
programs. In most of the complexes all the non-hydrogen atoms could be located in the 
j~i t ia l  E-map. However, in cadaverine dihydrochloride monohydrate and sym- 
homospermidine the water molecules could be located only after some initial refinement 
afthe rest of the structure. During refinement (full matrix using a modified version of the 
NELX76 program), most of the non-hydrogen atoms were associated with anisotropic 
tmperature factors. One of the phosphate groups in sym-homospermidine, water oxygens 
il cadaverine and the two central carbon atoms of putrescine in the putrescine-aspartic 
acid complex, which were partially disordered, were associated with isotropic tempera- 
ture factors. Most of the hydrogen atoms could be located in difference Fourier maps. 
Only these hydrogen positions have been used in the present analysis. Table I1 lists some 
parameters reflecting the quality of structure determination. 

Putrescine-aspartic acid complex was initially refined in the space group C2. In this 
gwp, two aspartic acid molecules are related by a two-fold symmetry. However, statisti- 
d y  significant intensity differences exist in reflections related by monoclinic symmetry 
IR-mrg= 14.8%). Hence, the structure was also refined in triclinic PI .  There was a 
ii&icant improvement in the goodness of fit on reducing the space group symmetry. 
Hence, this complex might belong to triclinic P1 with a high degree of pseudosymmetry. 
rbe conformations of the two independently refined aspartic acid moiecules are nearly 
identical. The side chain has a gauche configuration, which corresponds to the most fre- 
wently observed structure for aspartic acid. In this conformation, the charged main- and 
side-chain carboxyls are most separated. 

Although similar efforts were expended on the preparation of aspartic acid and glu- 
Qmic acid complexes, it was only with the latter that success was consistently achieved. 
At neutral pH, the diamines carry two positive charges while the acidic amino acids have 
one negative charge. Hence, the stoichiometry of the complexes is 2 amino acids : I dia- 
m k .  None of the shorter diamine complexes has water of crystallization. In contrast, the 
3 " N f ~  of polyamine salts as well as hexanediamine glutamic acid contains water molecules. 

5. Conformation of gtutamic and aspartic acid molecules 
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Table I11 

Torsion nngles in thc glutamic acid molecules 

- 
Angle Struclures . - --.- 

3(1) 3(2) 4 6U) 6(2/ 7(1/ 7(2) 8(I) 8/21 

01-C'-Ca-7-41 -11.5 -24.6 -21.9 -10.3 5 . 0  -28.4 --30.6 4 5 . 8  -13.8 
(0.9) (0.9) (0.8) (0.6) (0.6) (1.9) (1.8) (1.6) (1.6) 

02-C-Ca-Nl 168.4 157.6 160.9 172.2 175.1 157.2 151.6 134.7 165.7 
(0.5) (0.6) (0.5) (0.4) (0.4) (1.2) (1.3) (1.2) i1.i) 

(Angles are in degrees. ESDs are in parenthesis) 

The conformation of the glutamic acid side-chain is characterized by the two dihedral 
angles 2 and 2. In nearly half (16) of the earlier 36 structures, a gauche-trans configu- 
ration is observed for these angles. Seven of the nine glutarnic acids in the present anal!- 
sis also possess this configuration. A recent analysis of glutamic acid side-chain 
confOrIIIati0n~ in proteins also shows a similar distributionz5. All the three different con- 
formations of the side-chain (gauche-gauche, gauche-trans, trans--gauche) observed in 
the Present case have also been observed earlier. The overall conformation of one of the 
glutamic acid molecules in its complex with hexanediamine is different from the other 
eight structures. This glutamic acid has an internal hydrogen bond between the main- 
chain amino and side-chain carboxyl groups. A major source of difference in the glutamic 
acid molecules is in the orientation of the terminal carboxyl groups (Table 111). 

6. Conformation of diamines 

In contrast to the nearly invariant features of m i n o  acids, the conformation of diaminer 
displays interesting variations. Putrescine and propanediamine are present in three ma 

complexes, respectively. Cadaverine, hexanediamine and ~~m-homospermidin~,~ '  
WreJMted in only one structure. Most of the bond lengths and angles of the dimin!$ 
Wee, within the limits of experimental enor, with the corresponding values observed in 

SfIWtures of their inorganic salts. 
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The only hexanediamine molecule present in these complexes is in its most favourable 
all trans conformation. All the diamine structures reported earlier also have all trans con- 
formation in the structures of their chloride salts. 

Propanediamine conformation is different in its complex with L- and ~~ -g lu t amic  acid 
molecules. In the achiral environment provided by ~~ -gh I t amic  acid, propanediamiue is 
in its most favourable transtrans conformation. In contrast, it assumes a trans-gauche 
conformation during interaction with kglutamic acid. The main feature of packing in the 
propanediamine-L-glutamic acid complex is the arrangement of the diaminopropane 
around dimers of antiparallel, juxtaposed L-glutamic acid molecules. The diaminopropane 
in the DL-complex is sandwiched between the two antiparallel glutamic acid molecules of 
the same chirality. 

In two of the three complexes of putrescine, it is present in its most favourable all 
trans conformation. It assumes a gauche-trans-gauche conformation in its complex with 
aspartic acid. Both the structures have earlier been observed for putrescine in its chlo- 
ridez0 and phosphatez6 salts, respectively. 

Cadaverine adopts an all trans conformation in its chloride salt. However, the crystal 
stmcture has a high degree of pseudosymmetry. The water molecules present in the 
stmcture are partially disordered, and probably account for the earlier difficulties in its 
structure determination. The molecules, despite adopting an all trans conformation, dis- 
play slight curvature. The only triamine, sym-homospermidine, included in the present 
aal~sis exists in its most favourable tram conformation. 

The variations in the conformation of diamines within the limited range of chemical 
'nvironment provided by inorganic ions and acidic amino acids in these crystal Structures 
reflect the inherent conformational flexibility of these diamines. This is undoubtedly one 
Of the reasons for their being excellent candidates for maximizing stabilizing interactions 
~ i t h  other biomolecules. Table IV gives a summary of diamine conformations observed 
io different structures. 

7. Hydrogen bonding in complexes 
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oxygens with potential for hydrogen bonding. Hence, in each structure, eight acceptor 
centres exist for 12 protons. Since each acceptor can participate in more than one hydro. 
gen bond, the number of acceptor centres suffices to form all possible hydrogen bonds 
with protons. However, not all possible hydrogen bonds with carhoxy! oxygens can be 
formed with the protons available. It is found that all the protons in the complexes par- 
ticipate in hydrogen bonding interactions. These hydrogen bonds are mainly with car- 
boxyl oxygens, with the exception of hexanediamine glutamic acid complex. The amino 
group protons in hexanediamine glutamic acid complex hydrogen-bond with water oxy- 
gens also. Due to the large differences in the end-to-end distance of terminal amino 
groups of hexanediamine in its most favourable all trans geometry and in the distance 
between the carhoxyl groups of glutamic acid in any conformation, it is not possible to 
form all hydrogen bonds between the amino groups and carboxylate ions directly. Hease, 
inclusion of water of crystallization in hexanediamine glutamic acid complex is probab!) 
due to the hydrogen-bonding properties of the diamine. None of the other compiex~s 
contain water of cryslallization. 

It has earlier been suggested that the inclusion of water molecules in phosphate salts 
of polyamines is determined by the hydrogen-bonding requirements of monohydrogen 
phosphate groups2'. Each (HPO~)'- anion prefers to act as a seven to nine acceptor centre. 
Considering the number of proton donors associated with different polyamines and the 
number of protons required for hydrogen bonding with neutralizing phosphate groups. 
Bratek--Weiwiorowska et dZ7 suggested a method of predicting the number of water 
molecules required for hydrogen bonding. However, the addition of a water molecule not 
only provides two protons but also introduces two additional acceptor centres. Hence, it 
is difficult to predict the number of included water molecules solely on the basis of hj- 
drogen-bonding requirements of phosphate groups. In contrast to phosphate salts of 
spermidine and spermine, which contain three" and sixz9 water molecules, respecti&. 
the Structure of sym-homospermidine phosphate contains only one water molecule Per 
formula unit. 

Fig. 1. Definition of the orthogonal coo&- 
nate system used fur describing h?drWeo 
bonding at the acceptor (or donor). In bk 
system the hydrogen bonding gmup i s  00 liX 
Y axis. The atom bonded to this P U P  is,z: 
the origin, while the atom bonded to me 
atom at the origin is in the XY W e .  
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-3 -2 -1 0 1 2 3 

distances in angstroms 

Rk Z(a) 

-3 -2 -4 0 1 2 3 

distances in angstroms 

fig. zm) 
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The geometry of hydrogen-bonding interactions in polyamine complexes was anal!sed 
as follows. The molecules were transformed to an orthogonal coordinate system such thli 
the acceptor (or donor) group is on the Y axis and the atom bonded to this group is at the 
origin of the system. The other atom bonded to the atom at the origin was made to lie oF. 
the XY plane (Fig. 1). The position of the groups hydrogen-bonded to the acceptor (a* 
donor) centres was determined in this coordinate system. Figure 2a shows the XZ projec- 
tion of the acceptor centres involved in hydrogen bonding with primary amino groups 
ofpolyamines along with the proton positions. In this projection, three acceptor groups 
approximately separated by 120' are anticipated for each amino group included in thc 
diagram. Three clusters of acceptor centres are observed which are staggered with respec: 
to the bond in the XY plane. The position of protons is also staggered with respect to th!s 
bond. This suggests that acceptor centres are clustered so as to make hydrogen bonds 
without torsional strain on the bond along the Y-axis. Figure 2b illustrates the bonding ar 
the amino group of amino acids. The features are very similar to those of Fig. 2a excep! 
for slightly larger scatter in the positions of acceptors. These results illustrate the impor- 
tance of hydrogen bonding in polyamine interactions. The smaller scatter of acceptor positions 
hydrogen bonded to polyamines is probable due to the flexibility of the polyamine backbone. 

Figure 2c shows the donor centres around carboxylate acceptors of complexes. Tbo 
donor centres are clustered close to the XY plane and very few occur close to the iZ 
plane, suggesting that the lone pair electrons are in the carboxylate plane. Also, the donor 
centres eclipsed to the other carboxylate oxygen (syn ~osi t ion)  are clustered to a greater 
extent than the donor centres in trans position (anti position). The RMS deviations of the 
donor centres from their mean positions in the syn and anti positions are 1.19 and 1.38 A, 
respectively. 

8. Electrostatic interactions 

Inorganic ions in crystal structures of polyamine salts primarily provide strong electio- 
static interaction between the oppositely charged groups with some additional stabiliza- 
tion through hydrogen bonding. Hence, many of the proposed models of pobaminr 
interactions with nucleic acids were based on the cationic nature of polyamines. It is, there- 
fore, of interest to examine the extent of clustering of oppositely charged groups in p0lyamine 
complexes, which is likely to be a more realistic representation of the electrostatic compone*! 
of their interaction. 

In the following analysis it is assumed that each primary amino group carries a 
net positive charge and each carboxyl group carries a net negative charge. The POsi- 
tiom of these groups were represented by the coordinates of the nitrogen and carbox)i 
oxygen atoms. The average number of charged groups occurring around amino groups 
of ail polyamines in concentric shells of equal volume (50 A3) are shown in Fig. 3n. 
Figure 3b depicts the same distribution around the amino acid amino groups. The fig- 
? also includes the distance in A of each shell from the charge centre under conslde,ra- 
tkon. There is a clear clustering of negatively charged groups around the apt'!' 
WuPs. This negatively charged shell extends to approximately 3.5 A around the catkonrr 
WuP.  This shell is surrounded by a shell of small but significant positive charge 
The distribution Of the positive and negative charges becomes nearly random Beer 
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; 4. Figures 3c and 3d depict the distribution of charges around the main-chain and . ~ 

,&chain carboxylates of glutamic and aspartic acids. In these distributions, the occur- 
mnce of the partial charge on the other carboxylate oxygen bas been omitted. The pattern 
,$charge clustering around the carboxylates is complementary to that around the amino 
mops. 

9. Van der Waals interactions and crystal packing 

i n  imponant aspect of the structures of these complexes is the effect of clustering of non- 
~ i a r  atoms contributing significantly to stability through van der Waals interactions. All the 
:ornplexes with glutamic acid have one of their cell dimensions close to 5.2 A. This 

FK. )(a) Fig. Xb) 

Z -2 
-1 

Shell Number Shell kmbrr  "' la 3 61 3 $7 4.35 4.77 4.57 1 7 5  1.92 1.28 > - ~ i  3 b i  3.w 4 . t :  437 147 ‘11 $2 
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Fig. 4(b) 
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alloss side-by-side stacking of glutamic acid molecules, which leads to van der 
Kaals stabilization as well as formation of hydrogen bonds between main-chain 
sgboxyl and main-chain amino groups. The latter feature observed in nine of the 
eleven independent amino acid molecules has been proposed to be important for the 
piebiotic polymerization of amino acids3'. Figures 4a-h gives the stereo packing 
diagrams of the structures discussed in this paper. The linear dimensions of putrescine 
and glutamic acid are similar in putrescine glutamic acid complex. This factor is 
stilized in the complex where putrescine is sandwiched between two anti-parallel 
giutamic acid molecules providing additional van der Waals interactions. In its 
interaction with the shorter aspartic acid, putrescine assumes a gauche-trans-gauche 
conformation, which is again suitable for maximizing van der Waals interaction 
sith the complementary surface of aspartic acid. In contrast, the shortei diamine, 
gropanediamine, exists in different conformations when complexed to L and 
DL-piutamic acid molecules. Only with DL-glutamic acid, the van der Waals 
interaction between the apolar groups of glutamic acid and propane diamine (Fig. 4g) 
coxtributes to stability. In the complex with L-glutamic acid, major share of 
\an der Waals interaction occurs between the dimers of glutamic acid molecules. 
The propane diamine clusters around glutamic acid dimers, providing charge 
.?eutralization and hydrogen bonding (Fig. 4f). The linear dimension of the 
hemediamine is longer than glutamic acid. In its complex with glutamic acid, 
van der Waals interaction between apolar groups is retained, which precludes the 
formation of all possible hydrogen bonds involving amino group protons (Fig. 4h). 
The hydrogen-bonding requirements are met by the inclusion of additional water 
molecules. 

In sym-homospermidine, each formula unit of polyamine binds to three 
dlbdrogen phosphate groups. Spermidine phosphate trihydrate crystalZs structure 
contains 1.5 monohydrogen phosphate molecules per formula unit. In contrast 
to the single water molecule per amine in the present case, there are three water 
moiecules in spermidine phosphate. Hence, hydrogen-bonding details of the 
in0 structures are different. However, in both the structures the primary and 
rcondary amino groups participate in three and two hydrogen bonds, respectively. 
Alfiough the details of organization of polar and apolar groups differ, both 
Srmctures contain sheets of amine in which the zigzag backbone are arranged j 
P@Jqkl to each other at a distance of about 4.5 8, and thus contribute to stability 
&rough van der Waals interactions. 
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facing concave surfaces, a cavity large enough to accommodate water channels is famed, 
Interestingly, these water molecules, in close proximity to apolar carbon atoms, are dis- 
ordered. Although hydrophobic environment is anticipated to impose considerable order. 
ing of water molecules31, no fixed positions and hence regular order for water moleculer 
in apolar regions are anticipated due to lack of hydrogen bonding. 

The conmbution of electrostatic, hydrogen bonding and van der Waals interactions in 
these stmctures was quantitated. Different energy terms were computed following the 
procedures suggested by ~ c h e r a ~ a ~ ~ .  A dielectric constant of 4 was used for cornputiq 
the electrostatic component. Table V shows the energy values of these terms for struc- 
tures 3,  6 and 7. It was found that the contributions to crystal stabilization by hydrogen 
bonding, electrostatic and van der Waals terms were remarkably similar in different 
complexes. In the vicinity of polarizable groups, the electrostatic component might be 
anticipated to be lower. 

Table V 

Type of energy Energy values 
Enerw Ikcal/molJ structures . 
3 6 7 

H-bond -13.7 -17.9 -10.5 
Electrostatic -186.3 -145.8 -165.9 
van der Waals -32.0 -57.2 -40.0 

Total -232.0 -220.9 -216.4 

10. Conclusions 

Earlier studies on polyamines were mainly concerned with the structures of their inor- 
ganic salts. The mode of interaction of polyamines with oligonucleotides was observed in 
certain studies as a consequence of using polyamines in the crystallization medium. The 
structures presented and analysed in this paper concentrate on the polyamines and illus- 
w r e  different types of interactions that are important for understanding the role of 
polyamines. 

It is clear from the foregoing analysis that hydrogen bonding also plays an important 
role in p l y m i n e  interactions. In every chemical context examined, hydrogen-bonding 
requirrments of amino group protons were always satisfied. Additional stabilization b3' 
van der Wads interactions of apolar backbone atoms of polyamines also is significant 
Most earlier models praposed for interaction of polyamines with other molecules were 
primarily concerned with the electrostatic component33. Although Feuerstein er d3* had 
co.uidered all the inrtractiaw in their modelling, such studies are further complicated by 

wsibility of water-mediated hydrogen bonding. In any modelling study it is ex- 
W=~Y difficult $0 take into consideration all these factors. Hence, most of the earlier 
stdim have yielded poor agreement with experimental data'2734. 

studies also have implications on the specificity of polyamines. In rhe coum of 
these investigations, numerous attempts were made to crystallize complexes of tri- and 
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Eya-amines. However, the efforts were not successful, probably due to the somewhat 
!orer specificity of diamines in comparison to tri- and tetra-amines. The higher specific- 
jtrof the more complex polyamines probably does not permit the formation of stable 
t&lexes with any other arbitrarily chosen anionic molecules. A similar situation was 
:neountered in attempts of crystallization of diamines with aspartic and glutamic acid 
molecules. Glutamic acid, with greater flexibility of its side-chain, led to more frequent 
success in obtaining crystals. 

The results presented in this paper illustrate the inherent ability of polyamines to par- 
doipate in a variety of complexes through hydrogen bonding, electrostatic and van der 
b l s  interactions. The structures presented illustrate the flexibility in the backbone ge- 
metry of polyamines and the specificity of their bonding patterns. These properties of 
polyamines make them ideal candidates as biological cations. 

The work presented in this paper was supported by grants to the second author by the 
Council of Scientific and Industrial Research and the Department of Science and Tech- 
~ology, Govemment of India. 
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