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03.5~ 3 CRYSTAL STRUCTURE JND CO''FORMATION OF 
THE CYCLIC DIPEPTIDE:CyCto-(D-PRENYLALlfl"YL-~ 
PROLYL)J R.Ramani, Molecular Biophysics Unit, 
Indian lnstitute of Science, Bangalore, 
K,Venkatesan, Dept. of Organic Chemistry~~ndian 
Institute of Science, Bangalore-560012, ~DIA 

and 
W,J,Kung; R,E.Marsh 1 Arthur ~os ~ayes Lab, of 
Chemical Physics, California Institute of 
Technology, Pasadena, Cal1forn1a,9IL25 7 u.S, A, 

The crystal structure of Cyclo
(D-phenylalanyl-L-Prolyl) has been determined 
from three-dimensional x-ray dif:f'raotion data! 
and refined to a final R index of 3,Q% for 1439 
observed reflections by least-squares method, 
The standsrd deviatiQn in the bond distances on 
an average is O, 000 .A. The space group is 
P2u with a =8, 083, b=6, 632, c=l2. ceo X, 
~=~6.34° and Z=2. The molecular packing coeffi
cient is about 0,721 with pairs of molecules held 
together by an N-R. •. o type of hydrogen bond 
between the peptide nitrogen and oxygen 
(2,655!).1 The molecule is in the folded confor
mation ~-E:-75, (f) with the aromatic side chain 
facing the diketopiperazine ring. The DKP ring 
assumes a boat conformatio~ with thea .. carbon 
atoms deviating about O, 2 A from a least-squares 
plane through the two peptide bonds. The pyrro
lidine ring assumes a half chair conformation 
with an approximate G2 symmetry. 

03.5- 4 THE STRIJCTURE OF A COPPER~BINDING TRIPEPTIDE, 
Cu-GLYCYL-GLYCYL~L-HISTIDINE METHYL AMIDE, N.Camerman, 
Dept. of Biochemi.stry, Univ. of Toronto, Toronto, Canada 
and A.Camerman, Depts. of Neurology and Pharmacology, 
Uni v. of Hashingt:on, Seattle, Hash. USA. 

Glycyl~glycyl~L-histidine methyl amide is a copper~ 
binding tripeptide designed and synthesized by Sarkar to 
mimic the copper~binding site of serum albumen. 

Reddish-purple crystals of the copper-tripeptide com
plex (Cu-GGH), grown at physiological pH, are triclinic, 
with cell dimensions a • 9.990, b = 9.986, c = 7.6B2X, 
a a 107.40, S = 91. 72, y ~ 96.49°, space group Pl, z
two units of Cu~GGH and two water molecules per cell. 
The structure was solved by interpretation of a Cu~phased 
Fourier map containing a great deal of false symmetry, 
after multiple attempts with direct: phasing methods 
failed. Refinement proceeded to R • 0.036. 

The conformations of the two Cu-GGH units are virtua~ 
lly identical. Each copper is te tradentate chela ted by 
the amino terminal nitrogen, the next two imino n1.tro
gens, and a his tidy! nitrogen of a single tripeptj.de 
molecule in a mildly distorted square planar arliangement. 
The Cu .. ,N distances range bett<een 1.89 ~ 2.04 A, l<ith 
N •.. Cu ... N angles of 165° and 176°. There appear to be 
weak highly~distorted octahedral interactions involving 
the copper atoms, l<ater molecules, and carbonyl oxygens 
of other Cu-GGH units. 

03 • 5- !i THE CHYSTAL AND l·fJLECULAH S~'RIJCTlJPE OF t-'K:'l-10-
~:o~,IUt•l GLU'l'AWtTE MJNCJHYDP.ATJ~: A 1-!:JDEL OF METAL Irf'rERAC:TICil 
filTH. PR?TE~N. S. T. Rao and M. 1-:!nllikar,jutlan, Department 
of Bl.ocnemJ..stry, Uni ,1er5ity o1' \~isconsin, ;~ta.di~on 
Wisconsin 53706 U.S. A. ' 

The crystals ofthe title compound (C 1iO;.H .I!a.ll_O) 
belong to the ortnorhombic space (l,roup ~2 2,~ <ritK unit 
eel: dime~sions or a~ 17.954(2), b = 15.21!±(:!') and c = 
5.5;>9(1) "• The.re are two independent lnOlecules in the 
a~y:mmetric unit. Tile intensity data were collected on a 
di ffractomete1· and the structure was solved by direct 
methods. Least squares refi11ement with anisotropic 
thermal parameters for the heavier atoms resulted in H ;;:: 
0.032 foz· 1404 observed ref"iections. In both the 
molecules, the. amino nitt•ogen atom lies ilt . .J:he plane. or; 
the u~carboxyl group. T!t·~ conformation a.bobt the ca -C 
bond is cli:rferent (;{1 ;; -qO.li/58.5°) in the two molecules 
>~hile that about the C~ -.¥' is esgentially the same (x ~ 
-167.1/171. 0°). Each !fa ion is coordinatecl to six 2 
oxygen ligands (distances range from 2.327 X to 2.57!1 A) 
:forming distorted octah~dra~ T-no oxygen atoms are 
coordinated both the !fa ions and are collll!1on auices to 
the t1·10 polyhedra.. The implications of these for the 
interactions of similar ions to glu residues in uroteins 
>~ill be discus sed. The structure is stabilized by a. 
tig!ttly knit hydrogen bonding network. 

03 .5~ 6 STRUCTURAL STUDlk:S ON CRYSTALLINE 
COMPLEXES BETWEEN AMINO ACIDS. CRYSTAL STI!UCTURE OF 
ARGlNINH GLUTAMATE NONOHYDKATE, T. N. Bha.t and 
M. Vija.yan, Depa.rt~ent of Physics and Molecular Bio
physics Unit, Indian Institute of Science, Bangalore 
560012, India. 

Crystalline complexos between amino acids and 
short peptides would serve as good model systems for 
studying the atomic details of non-covalent inter
actions in protein structures. The crystal structure 
of such a complex, namely, arginine glutamate mono
hydrate, c6n15N4o2• C5H8No4• H2o, has been determined 

by the symbolic addition procedure using photographic 
data. The crystals are orthorhombic, space group 
P212121 , with a= 5.05, b = 9.85, c ~ 32.50 X and 

~ = 4. The current R value is 0.12. Further refine
ment of the structure is in progress. 

The arginine molecule in the structure carries a 
net positive charge vhile the glutamate carries a 
net negative charge. The conformation of the 
arginine molecule is different from those reported 
previously whereas the glutamate bas an extended 
conformation as found in its hydrochloride (Sequeira, 
Rajagopal and Chida.mbaram, Acta Cryst. B2B, 2514, 
1972). The c~stal structure is stabilized by ionic 
interactions, and N-Il ••• 0 and o,-H •.. o hydrogen 
bonds. The most significant feature of the structure 
is a specific ion-pair interaction involving two 
nearly parallel N-H ••• o hydrogen bonds between the 
gua.nidyl group of arginine and the side chain 
carboxylate group of the glutamate; such interactions 
between guanidyl and carboxylate groups, which could 
be observed only at a. much lower resolution in 
protein electron-density maps, are important for the 
stability of protein structures. 


