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The polyamines spermine, spermidine, putrescine, cada-
verine, etc. have been implicated in a variety of cellular
functions. However, details of their mode of interaction
with other ubiquitous biomolecules is not known., We
have solved a few structures of polyamine —amino acid
complexes to understand the nature and mode of their
interactions. Here we report the structure of a complex
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of putrescine with DL-glutamic acid. Comparison of the

structure with the structure of putrescine—L-glutamic
acid complex reveals the high degree of similarity in the
mode of interaction in the two complexes. Despite the
presence of a cenire of symmetry in the present case, the
arrangement of molecules is strikingly similar to the L-
glutamic acid complex.

EveN after extensive research on the structure and
interactions of the naturally occurring polyamines such
as spermine, spermidine, putrescine’ and cadaverine!,
their specific function is still obscure. However, their
ubiquitous distribution and participation in a wide
variety of functions have stimulated many investiga-
tions on these compounds. They have been shown to
interact with DNA?, RNA?, proteins* and membrane
components®. The most pressing questions in the
polyamine field are concerned with their physiological
role and the molecular mechanisms of their action. Our
attempts to answer the latter question led us to
investigate the three-dimensional structure of a number
~of complexes of polyamines with amino acids by
techniques. of single-crystal X-ray diffraction. We have
determined the structures of putrescine complexed with
. L-glutamic acid® and L-aspartic acid’, propane diamine
complexed with L-glutamic acid and pL-glutamic acid
(unpublished results), hexane diamine with L-glutamic
acid®, and putrescine with pr-glutamic acid. Here we
report the structure of the complex of putrescine with
pL-glutamic acid. The interactions in the present case
are stmilar to those in the putrescine—L-glutamic acid
complex. Surprisingly, minor changes in conformation
of L-glutamic acid are sufficignt to provide a similar
environment for putrescine. | *

Crystals of a 2:1 complex of DL -glutamic acid and
putrescine were obtained from aqueous solution by
liquid diffusion of propanol. The crystals belong to the
monoclinic space group P2,/n, with a=5231(1) A,
b=22815(2) A, c=7.858(1) A, p=93.34°. The volume
of 936.3(2) A? suggests that there are one glutamic acid
and half a putrescine in the crystal asymmetric unit.
This leads to a calculated density of 1.36 gcm™°.

X-ray diffraction data were collected on an Earaf
Nonius 4 circle diffractometer using CAD4 geometry. A
microfocus sealed tube equipped with a molybdenum
anode (A=0.7107 A) was used as the X-ray source. A
total of 1965 reflections were collected, out of which
1011 were unique. The quality of the reflection data 1s
reflected in the R-factor of 3.8% between the symmetry-
equivalent reflections. Periodically monitored intensity
control reflections showed no radiation damage to the
crystal during data collection. The reficction intensities
were corrected for Lorentz and polarization factors but
not for absorption.

The structure was solved using the direct-methods
program SHELEX 86. Structure was refined by the full
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matrix method using the program SHELEX 400. The
non-hydrogen atoms were refined unisotropically. All
the hydrogen atoms were located from difference
Fouriers and subsequently refined isotropically. The
final R factor at the end of refinement was 6.2% for
|F(0)| = 50| F(0)l. The difference Fourier at the end
of refinement has a maximum electron density of less
than 0.5 electrons per A3,

The atomic coordinates and temperature factors of
all the non-hydrogen atoms in the asymmetric unit
have been submitted as supplementary material with the
journal. Table 1 givés a list of bond lengths and bond
angles. Table 2 compares the conformation of glutamic
acid in different structures. This table suggests that the
glutamic acid in the present case is in a conformation
similar to that in the putrescine—L-glutamic acid
complex. Similarly the conformation of putrescine is
also conserved between the two structures. Further, the
two complexes also have very similar hydrogen-
bonding patterns, as shown in Table 3.

-Although the present structure has striking re-
semblance to that of the putrescine-L-glutamic acid
complex, the crystallographic asymmetric unit is only
half that of the latter. The asymmetric unit contains one
glutamic acid and half a putrescine, in contrast to the

Table 1.

Bond distances (Angstrom) |
(Corrections following Busing and Levy, Acta Crystallogr., 1964, 17,
142) |

Bond lengths and bond angles.

y

Noncorre-

Uncorrected Lower Upper Riding lated
Bond distance bound bound motion motion
N1-C2 1.4740 (94) 1.4743 1.5706 14786 1.5224
01-C1 1.2395 (83) 1.2419 1.3551 1.2560 1.2985
02-C1 1.2558 (83) 1.2579 [.3664 12711 1.3122
Ci1-C2 1.5345(112) 1.5352 1.6361 1.5433 1.5857
C2-C3 1.5108 (100) 1.5117 1.6552 15226 1.5835
C3-C4 1.4972(120) 14976 1.6539 1.5043 1.5758
C4-C5 1.5782(109)  1.5793 17100 15900 1.6446
C5-06 1.2073 (97) 1.2112 14244 12363 13178
C5--0O7 1.2296(83) ~ 1.2330 1.4456 1.2569 1.3393
NI11-C12 1.4749(91) 14751 15534 14788 15143
C12-C13 1.4918 (89) 1.4920 1.5713 14958 1.5316

Bond angles (Degrees)

(ESD following Cruickshank, International

Tables 11, 1959, p. 321)

Angle ESD
O1-Ct-02 125.17  0.63
02-Cl--C2 119.50 0.60
Ol-Cl-C2 115.24 061
Nt C2-Cl 109.58 (.57
C1-C2-C3 113.07 (.64
NI-C2 C3 11498  0.62
C2-C3-C4 11077 067
C3--C4--CS$ 11224 Q.69
C4-C5-07 11242 0.6l
C4-C§ O6 12471 0.64
O&6 C5 O 12261 0.64
Nit C12 i3 11134 0.5)

w
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Table 2. Coinparison of torsion angles of different glutamic acid forms,

(All angles are 1n degrees)

‘ Complex 1 Complex 2 Complex 3
Torsion angle z-Form f-Form Protonated Glul Glu2 Glul Glu 2 Glu
N-C-C-O(D - 50 —42 161 168 156 134 - 12 161
N-C-C-01.l 130 141 — 21 -11 ~-24 —43 166 ~22
N-C-C-C {78 - 5§t — 69 65 63 178 73 67
C-C-.C-C 68 -73 - 173 -179 175 71 - 71 171
C-C-C--016) 74 19 9 =53 —-171 10 15
C-C-C-0O7) — 105 - 161 — 167 176 128 14 —-170 - 171

Errors tn angles are of the order of one degree.

Complex 1: putrescine-L-glutamic acid
Complex 2: hexane diamine-L-glutamic acid
Complex 3: putrescine-pDL-glutamic acid

Table 3. Possible hvdrogen bonds

e e T

Donor-H Donor-~- Acceptor H:.:- Acceptor Donor—H--- Acceptor
NI -HINI N1 ---O1 (1) HIN1 --- Ol (1) NI -HIN1---0O1 (1)
0.965 (.07R) 2.851 (.008) 1974 (.077) 149.88 (6.23)

N1 —H2N1 N1 - 06 (2) H2N! - 06 (2) N1 —-HZN1---06 (2)
{.074 (.050) 2.734 (.009) 1.717 (.08S) 156.13(6.93)

NI ~-H3NI N1 ---0O7 (3) H3N1:--07 (3) N1 -H3NI1---O7(3)
1.136(.071) 2.749 (.007) 1.645 (.071) 162.37 (5.98)

NIl -HIN2 NI1 ---O7 (0) HINZ2:--O7 (0) Ni11 -HIN2---O7 (0)
0.783 (.051) 2.749 (.008) 2.065 (.054) 145.88 (5.00)

NIT -H2N2 NIt ---O1 (4) H2N2:--O1 (4) N11 -H2N2:--O1 4)
0.871 (.0535) 2.805 (.007) 1.963 (.054) 162.23 (5.12)

NIt -H3N2 NI ---02 (5) H3N2---02 (5) NI11 -H3N2---02 ($) -
0.994 (.073) 2.834 (.008) 1.853(.073) . 168.73 (5.07)

m_-__-__m

Equivalent positions:

) X.Y Z
‘(M +X~1,+Y +2Z
(2) +X—1/2, =Y+ 12+1, +Z+1/2

complex with vr-glutamic acid where the asymmetric
unit contains two glutamic acid and one putrescine
molecules. This difference is mainly due to the presence
of an 1nversion centre in the present case. In the
complex of putrescine with L-glutamic acid, where the

inversion symmetry is forbidden, two crystallogra-

phically distinct L-glutamic acids are present. The
major difference in the conformation of these two
glutamic acids 1s confined to the orientation of the side-
chain carboxyl groups. This difference is presumably
due to the packing forces derived from hydrogen
bonding.

Comparison of the packing diagrams of the bDL-
glutamic acid (Figure 1) and the L-glutamic acid
(Figure 2) complexes shows striking similarities. Both
crystals consist of sheets of putrescine sandwiched
between layers of glutamic acid. All the central carbon
atoms of putrescine are involved in van der Waals
interactions. This 1s the major interaction stabilizing
sheets of putrescine paralle] to the ac plane. The
terminal amino groups of putrescine are neutralized by
layers of carboxylate groups. There are two distinct
sheets of glutamic acid molecules parallel to the ac
plane of putrescine in the putrescine~L-glutamic acid
complex. In the present case also, two layers of
glutamic acid molecules exist. However, the two layers
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(3) +X, +Y, +Z+1
(4) +X—1, +Y +2Z2-1
(3) —X+1, —Y+2, —Z+1

PUTRESCINE DL _GLUTAMIC ACID

BN I

consist of chirally distinct molecular species of glutamic
acid and are related by the crystal centre of symmetry.
The layers are stabilized by extensive van der Waals
contact between nonpolar atoms of glutamic acid
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Figure L,

Packing diagram of putrescine-pL-glutamic acid complex.
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PUTRESCINE L GLUTAMIC ACID

Figure 2. Packing diagram of putrescine-L-glutamic acid complex.

molecules along the a axis. Also, there is a continuous
chain of hydrogen bonds between the main-chain
carboxyl and main-chain amino groups along a. The
layers are additionally stabilized by hydrogen bonding
between main- and side-chain carboxylates and putres-
cine amino groups. The two layers of b and L glutamic
actd molecules sandwiched between putrescine layers
are held together by hydrogen bonding between side-
chain carboxyl groups and main-chain amino groups. A
comparison of the two complexes sugpests that the
conformation of putrescine and the pattern of packing
and hydrogen bonding are conserved, although the
chemical environments surrounding the putrescine are
different. The putrescine has retained its most-
favourable trans conformation in both structures. The
conformational flexibility . of the glutamic acid side
chains accounts for the similarities of packing environ-

ment and conservation of polyamine conformation in
the structures.
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~Uptake, binding and photodynamic

action of haematoporphyrin derivative in
brain tumour cells |
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The photosensitizer haematoporphyrin derivative (Hpd)
is a2 mixture of various monomeric forms of porphyrins
such as haematoporphyrin (HP), protoporphyrin (PP),
hydroxyvinyldeuteroporphyrin and a covalently linked
aggregated form known as dihaematoporphyrin ester/
¢ther (DHE). Hpd, in combination with light, is used in
the diagnosis and treatment of cancer. We have studied
uptake, binding and photodynamic action of Hpd in brain
tumour cells. Hpd uptake by cells increased with increase
in Hpd concentration in medium as well as with increase
in incubation time; the cells were more photosensitive in
the latter case. Fluorescence intensity of cell-bound Hpd
increased with increased uptake by the cells. Upon
prolonged incubation, the fluorescence emission spectrum
of cell-bound Hpd showed changes in the position of one
peak and relative intensities of the peaks. Our data
suggest that the increase in photodynamic cellular
damage on prolonged incubation may be due to increased
accumulation of aggregated ester/ether component of
Hpd and/or binding of Hpd to specific sites in the cell.

PHOTODYNAMIC therapy (PDT) for cancer! 3 is based
on bringing about selective accumulation of Hpd by
tumour tissue followed by irradiation with light. The
fluorescence emitted by tumour-bound Hpd serves for
detection while laser irradiation of Hpd-containing
tumour 1s used for the treatment. It has been proposed
that, in photodynamic action, the excited photosensitizer
may transfer electrons to the surrounding biomolecules
with the formation of free radicals, or transfer energy to
oxygen lcading to the formation of highly reactive
stnglet  oxygen®> It -has been shown that the
photodynamic action of Hpd on cells in culture is
higher when cells are incubated for longer times before
irradiation but the exact cause of this is not yet
known®~® In an attempt to understand the cause of
this enhanced photodamage, we have studied uptake,
binding of Hpd by brain tumour cells and photosen-
sitization of the cells.

Hpd was prepared from haematoporphyrin Jdithydro-
chlonide (Sigma) by the'method of Lipson et al.® BMG-1
cells were grown in Nunc plastic tissue culture flasks
using Dulbecco’s minimum essentiad medium (DMEM;
Hi-Media) supplemented with $% bovite serum amd
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