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Abstract

The dihydrated DL-Serine crystal belongs to the monoclime space group P2 /m with cell dimensions a = 4 RILHA, b= 9 150(HA
I 10444y A and B = 99 97(2)  Its structure has been solved by direct methods from aogle arystal X ray diftraction data (Cuk,

1 5418 Ay and

ichned to a conventional R factor of 0045 using 855 umique retlections The stiucture 18 stabilized by hydrogen bonds involving the water molecules
with the anuno, carhoxyl, hydioxyl groups of the senne residue The senne molecules are inter-connected through hydrogen-bonding fotming layers
along the b axis and are held by the water channels along the same direction Superposition of this hydrated senne molecule on the dodeca hydiated
Inosine S -monophosphate-L-serine co-complex stiucture solved by us carbes reveals that the senne and water molecules {1t meely on the hydrated
nuctconde senme complex eovironment indicating conservative pature ol the complenes This arvstal structure. with mamfestation ol coexistence and
compronuse of ainteractions of various types of hydrogen-bonds (N H O, O H O, C-H Q) for selt-stabilization 15 a good example ol biomolecular

rceogmuon and crystal engimeening

Keywards dihvdrated senne. crystal structure, hydrogen bonding
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1. Introduction

The crucial role of water molecules, the coexistence/ compronse
ot vanous interactions (N-H...O, O-H .0, C-H. .O), mantaining
the structure funcuon activity of protemn nucleic acid complexes
arvivo 7.2 and alsoin crystal packing pattern are emerging as
ar important branch of science. The mvolvement of
intermolecular hydrogen-bonding of the amino-acids through
the water molecules are found to be very site specific (3). which
thus affect the catalytic activity of proteins or enzymes with a
reasonable sense. More the aquation, more will be the interaction,

though 1t may he weuk or strong, but the synergistic role of

these waters may change the free encrgy of a system in themr
chemical scenario in a rational way. The detail geometries of the
hydrogen-bonding networks of the amino-acid i different
aguated environment may put forward some rational basis of
the presence of that amino acid residue in the homologous
protein endowing variable or differential activities. Accordingly,
this kind of dclicate interplay of the amphoteric water molecules
and their variable donor acceptor capabilitics towards the
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hydrogen-bond switching potentialities, may be followed in the
structure of vartous amino acids i then different aquated
crystals (4) In the present structural work of dihydrated DL
Serine. we are thus trying (o investigate and understand the
survival feature of serme i differential aquatic situation,

2. Experimental

Smgle crystal of dibydrated DL-Serine (C H /NO, 2H,0) was
grown by controlling the humidity condition at 90% (in
chmatizing chambery by slow evaporation of 1its aqucous solution
at 290K 'Two morphologically different crystals appeared 1n the
crystalhization bath and were grown in one week. The block
shaped colourless forms were characterized (by TGA) as the
more hydrated derivauve of serine. The crystals were
hygroscopic 1in nature, effervesced and deteriorated quickly on
exposure to natural humidity. The crystal was mounted 1n a thin
walled quarts capillary and used for X-ray data collection. The
crystal parameters are given in Table 1. The structure was solved
by diect methods using SHELXS-86(5) and  successive
Fourier methods and further refined by SHELLXL.-93(6) with full
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matrix least square refinement Two water oxygens were indicated
clearly in the successive ditference clectron density maps (A F) .
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Table 1. Crystal data and refinement pasameters

Compound

Colour / shape
Empincal tormula
Formula weight
Temperature

Radiation / wave length
Crystal system

Space group

Unit cell dimensions

Volume

7

Density (calculated)
Absorption coctficient

F000)

Crystal si1z¢

Theta range for data collection

Index ranges

Reflections collected
Independent retlections
Rehinement method

Data / restraints  / parameters
Goodness of fit on '

Final R indices [ | > 2 o (1)}
R indices (all data)
Extinction coefficient

Largest dift peak and hole

Dihydrated DL-Serine
Coloutless / block shaped
CHNO, 2H.0
14112
200 (K
CuK, /15418 A
Monod hinwe
P2 /n
a = AR3N2) A
b= 91sh A B = 9997 2y
¢ = 10444(4) A
455(3) A
Fl
2076 gm/cc
1734 mm'
308
2mm x 63 mmx |13 mm
647 10 7525
O0<hs6 0<ksg Il
(R B
965
855 |R ant) = 0 32601
Full matrix least squares on F°
855707116
1107
R1 = 0045, wR2 = 0122
Rl = 0053, wR2 = 0124
0005 (3)

0556 and 0232 ¢A’

Finally, the least-square refinement of the positional and
anisotropic temperature factors of the non-hydrogen atoms
together with the hydrogen atoms kceping the temperature
factors fixed at 0.05 A2, reduced the R and wR 10.0.045 and 0.122

respectively.

3. Description and discussion

The final positional coordinates and the thermal parameters
(U,,,.) of the structure are given in Table 2. The diagram produced
by Ynsight 1I program (7) containing the numbering scheme of
atom is shown in Figure 1. The intramolecular bond distances,
angles and the torsion angles are given in Table 3. The bond
lengths and angles involving the non-hydrogen atoms agree
with the results of carlier X-ray and Neutron diffraction studies
of DL-Scrine (8), monohydrated L-Serinc (9), free L-Serine (9)
and hydrated IMP-L-Scrine complex (10). The configurations
around the Cm—C‘3 and C_-N bonds are staggered. The crystal
packing is held together by extensive hydrogen-bonding

Table 2. Positional coordnates (x 10° A) and the equivalent 1sotiop
temperature factor parameters (x 10 A2) of the non-hydrogen aton
(¢s.d's are given n the parenthesis)

Atom Ueq)
NA 5925 (3) 3293 (2) 8479 (1) 23
(0] 4204 (3) - 611(2) 6679 (1) 331
OH 2670 (2) 975 (1) 8362 (1) 3L
OG 2974 (3) 3307 (2) 5683 (1) 33
C 4181 (3) 942 (2) 7505 (2) 24 (1)
CA 6228 (4) 2206 (2) 7449 (1) 23 (1
CB 5820 (4) 2909 (2) 6113 (2) 28 (1)
Wi -2004 (5) -135 (6) S270 (4) 60 (3)
w2 2659 (6) 4288 (D) 7299 (3) 65 (4)

U 1s defined as one third of the trace of the orthogonalized Uy tenso
U =1/32X U au,au

Table 3. Geometrie parameters  bond distances (in A), angles (in™) and
dihedral angles (in )

Atomic distances (A)

Na CA 1491 (5)

Ol-C 1260 (N

OH ¢ 1249 (4

OG- CB 1418 (6)

C CA 1530 (%

CA-CB 1517 (S)

Angles ()

o C-0! 1257 (2)

OH C-CA T8 1 (2)

Ol - C-CA 1162 (2)

NA -CA CB 1116 (%)

NA-CA C 109 4 (2)

CB-CA.-C LY (2)

0OG-CB-CA 114
Dihedral angles (")
0l C CA NA 1797 (2)
OH C CA NA 1.1
NA CA CB OG 706 (1)
(0] C CA CB 5.5 (1)
OH C CA (B - 1253 (2)
C CA CB OG 524 (D)

interaction among the functional groups of serine and waic!
molecules. The possible hydrogen bonding parameters along
with the donor acceptor interactions are given in Table 4. The
molecular packing is shown in Figure 2 down the a-axis. The C-
O bond distances of the carboxy group (O1-C=1.260, OH-('=
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{ 249 A)and C~-N distance of the amino group (NA-Ca = 1 491 A)
nsted in Table 3 strongly suggest the zwittetionic form as were
ohserved in their different free and hydrated crystals (11). The

5 ®
Figure 1. A diagram of the asymmetric umt with atom names

Fable 4. Possible donor acceptor atoms with distances (i A)

Donor Acceptor DA A
NA - H2INA W2 J010
NA  HINA oG 2762
NA HINA Wi 3042
Ny HINA 01 2879
A HINA ore 2R
Wi HIWI Ol 304
OH HOH oG 2676
v HOH W2 3227
cn HICH w2 A7

Syninciny codes () 2 x,v 120 3/2-7, () 32-a0 y-12, 302 4,
atg o 120 120y, 1412, vy W2, y-12 74102,
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Figure 2. Molecular packing diagram viewed down the a-axis with possible
hydrogen-bonds involving water molecules and DL-Serine (shown by dashed

haes)

O = Carbon, ® = Oxygen/Water, & = Nitrogen

serie molecules are stabihized by hydrogen-bonds between
amino and carboxyl termmals of ditferent residucs and water
molecules macooperative fashion formung parallel layers along
the h-axis The water molecules have also formed hydrophilic
lay ers paratlet to the serme Tayers In this structure, the amino
end s acting as donor through all of 1its hydrogens and can
interact with the waters, carboxyl and hydroxyvl oxvgens Both
the water molecules torm hydrogen-bonds with the serine sites
and also iteract among themselbves thus stabilizing the senme
in the lathice The Uﬂ| of Wl and W2 oxygens are obvioush
higher than other non-hydrogen atoms of compact serine
Interesungly, the presence of water molecules m this structure,
enforces the plausibilny of C-H O interacuon (C-H. 0=2 472
A) which 1s observed m several amino-acid peptide structures
(12). Intermolecult mteracuons of varous types co exast usually
i crystals for stable packing ‘These C-H O hydiogen bonds
often accompany sttonger O H. O and N-H O bonds as are
observed an this crystal structure too Since molecular
tecogmbion and crystal engineening are very important arca of
research in recent times and (s iteresting to note that even
this highly aquated small bromolecule in s supramolecutar
assoctation (packing) adequately displavs the molecular
recognition mechanism strategies which hayve wade importance
i biology Tts unbikely that many of these strategies will not be
explotted in vivo.
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