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The crystal structure of the tripeptide glycyl-phenylalanyl-glycine 'mono'-hydrate has been deter- 
mined by analysis of three-dimensional intensity data from copper radiation. The crystals are 
orthorhombie with space group P2~2~2~; the unit-cell dimensions, as reported previously by D6geilh 
and Piekworth (1956), are: 

a=29.72, b--9.98, c=4.902~. 

The peptide chain is in an extended configuration and adjacent molecules are hydrogen-bonded 
together to form a parallel-chain pleated sheet. The benzene ring of the phenylalanine residue 
protrudes laterally from the pleated sheet and packs in an interlocking fashion with benzene rings 
of neighboring sheets. 

Approximately 50% of a water molecule of crystallization is present for each molecule of 
t r i pep t ide .  

Introduction 

As part of a continuing program of research on the 
structure of amino acids and peptides, D6geilh and 
Pickworth (now Glusker) (1956) determined the unit- 
cell dimensions, space groups and densities of six 
peptides. Of these, the tripeptide glycyl-phenylalanyl- 
glycine (GPG) was chosen as being the most advan- 
tageous subject for a complete structure determina- 
tion. 

Experimental 

D6geilh and Pickworth (1956) carried out preliminary 
crystallographic studies on GPG. They obtained crys- 
tals in the form of long, thin needles, elongated 
along c, by slow cooling of an aqueous solution of 
DL-glyeyl-phenylalanyl-glycine, and reported the fol- 
lowing unit-cell dimensions, space group, and density: 

a-- 29.72, b = 9.98, c = 4.90/~ 
(all +_ 0.5%) 

0obs. = 1.334 g. cm.-a 
Space group, P212121 (D~). 

They reported the compound to be a monohydrate 
with four molecules of GPG.H20 in the unit cell. 

The density calculated on the basis of four molecules 
of the monohydrate per unit cell is 1.36 ± 0.02 g. cm.-S, 
slightly larger than the observed value. During the 
course of the refinement of the structure it became 
evident that  the actual amount of water of crystal- 
lization present corresponds to approximately 0.5 
molecules per molecule of GPG, or two molecules 

per unit cell. On this basis the calculated density is 
1-32 g. cm. -S, in somewhat better agreement with the 
observed value. 

Since the space group P212121 contains no symmetry 
operation of the second kind, resolution of the original 
DL-solution must have occurred during crystallization. 
We have not determined the absolute configurations 
of the molecules within the particular crystals we used; 
the parameters we have derived, when referred to a 
right-handed coordinate system, define the L con- 
figuration of the phenylalanine residue. 

A preliminary set of multiple-film equi-inclination 
Weissenberg photographs about the c axis was pre- 
pared from a very thin crystal. The equator and first 
three layer lines were photographed with copper radia- 
tion and exposures of approximately 100 hours; even 
with exposures of this length, reflections could be 
observed only to sin 0=0.7 (d= 1.1 A). Later we were 
able to grow a somewhat larger crystal from which 
additional Weissenberg intensity photographs were 
prepared. The new hkO and hkl photographs were 
quite satisfactory and reflections were observed out 
to the edge of the film; the h/c2 photograph, however, 
was of poor quality due to partial decomposition of 
the crystal and no hk3 photograph was obtained. 
Subsequently it became impossible to grow any satis- 
factory crystals in this laboratory as the compound 
chose to crystallize in a different modification with 
the same space group and similar unit-cell dimensions 
but apparently containing two molecules of water of 
crystallization per molecule of tripeptide.* 

* Contribution No. 2658 from the Gates and Crellin Labo- 
ratories of Chemistry. The work described in this article was 
carried out in part  under a contract (Nonr-220(05)) between 
the Office of Naval  Research and the California Inst i tute  of 
Technology and in part  b y  a research grant :No. I-I-2143 from 
the National Hear t  Inst i tute,  National Inst i tutes of Health,  
Public Heal th  Service. 

t Present  address: Inst i tute  for Cancer Research, Phila- 
delphia 11, Pennsylvania. 

* The unit-cell dimensions and density of this second 
modification, which was originally crystallized from ethanol-  
water  solutions and later from aqueous solutions, were kindly 
measured by  Dr E. L. Eichhorn. The values are: 

a=31.49_+0.04, b=10.15_+0.02, c=4 -838_0 .007 /~ ;  
0o---- 1.354_+ 0.002 g.cm. -S. 

The density calculated on the basis of two water  molecules 
per molecule of peptide is 1.353_+0.006 g.cm. -3. 
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Attempts to cleave the small crystals perpendicular 
to the needle axis were unsuccessful; nevertheless, 
some Weissenberg photographs were taken with needle 
crystals rotating about the b axis. Because of absorp- 
tion effects--and, more important,  because in certain 
orientations not all of the crystal was i r radiated-- the 
intensity data from these photographs were unreliable; 
they served mainly  as an aid in correlating data ob- 
tained from the c-axis photographs. 

Intensities were estimated visually and corrected for 
Lorentz and polarization effects. Altogether, 255 non- 
equivalent hkO reflections were observed out of a total 
of 377 within the copper sphere, 314 hkl reflections 
out of a possible 395, 190 hk2 reflections out of a 
possible 360, and 78 hk3 reflections out of a possible 
314. In  spite of these restrictions on the number of 
data available, it seemed worthwhile to pursue the 
structure determination of the compound. 

D e t e r m i n a t i o n  of the  s t ruc ture  

A sharpened three-dimensional Patterson function, 
from which a spherical origin peak was subtracted, 
was calculated. The sharpening factor was modified 
by a function with a maximum at sin 0=0-5 so that  
contributions from reflections with very high and low 
scattering angles were considerably reduced. 

We first at tempted a direct analysis of the Patter- 
son map, concentrating particularly on vectors which 
might determine the positions of the benzene rings. 
The presence of a high peak along the line u = 0 ,  
v = ½ suggested that  the benzene rings might be packed 
parallel to the b axis along the lines x =  0 and x =  ½, 
and a large number of structures based on this 
principle were formulated and tested. Although some 
of the structures were quite close to the correct one, 
none could be refined. Attempts to determine the 
precise orientation of the benzene ring from the Pat- 
terson peaks near the origin were unsuccessful. Fur- 
thermore, the Harker section at w=½ could not be 
interpreted, as there were too many non-Harker peaks 
on or near this section. Finally, after many  months of 
failure, attempts at a direct interpretation of the 
Patterson map were abandoned. 

The key to the solution of the structure was the 
short c axis whose length of 4.9 ~ is close to the value 
4.85 ~ predicted by Pauling and Corey (1953) for the 
distance between two polypeptide chains hydrogen- 
bonded together in a parallel-chain pleated-sheet struc- 
ture. As supporting evidence for a structure based on 
this configuration, there is a maximum in the Patter- 
son function along the line u=v=0 which could be 
interpreted as the C-O interactions of the two car- 
bonyl groups. 

A model of GPG based on the parallel-chain pleated- 
sheet configuration was built  with the backbone of 
the tripeptide chain extended in a direction perpen- 
dicular to c and with the planes of the two amide 
groups parallel to c. In  such a configuration the length 
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of the three amino-acid residues is nearly 10/~ (Pau- 
ling & Corey, 1953), which suggested that  the molecule 
is extended in the b direction. The benzene ring of the 
phenylalanyl  residue would then extend in the a direc- 
tion. 

These principles led to a satisfactory trial structure. 
Prel iminary refinements of the x and y parameters 
were carried out on the basis of the hkO data;  ap- 
proximate z parameters were derived from a con- 
sideration of the Patterson projection onto (010). An 
ambiguity concerning the orientation of the benzene 
ring was resolved and initial refinement of the z para- 
meters was undertaken by a number of electron den- 
sity projections onto (010). Attention was then turned 
to the three-dimensional data. 

R e f i n e m e n t  of the  s t ruc ture  

All calculations were carried out on a Burroughs 205 
digital computer, using a structure-factor least-squares 

Table 1. Calculated hydrogen atom coordinates 
(B-- 6 A 2) 

A t o m  A t t a c h e d  to  x y z 

I41 C 2 0.1063 0-569 1.008 
I-I 2 C 2 0.1 I01 0-611 0.686 
H a 1~ 1 0 .1254 0.786 1-118 
H 4 C 4 0.1391 0-993 1"069 
H 5 1~ 2 0.1852 1-058 0.571 
t I  6 C 6 0.2768 1"133 0"804 
I-I T C 6 0.2407 1.182 0.574 
I-I s N a 0.2708 1"364 0.745 
I-I 9 N a 0.2663 1.320 1.030 
I-Ilo N a 0.2261 1.359 0.874 
H l l  C 7 0.1038 1.170 0.806 
H12 C~ 0.0976 1.062 0.557 
t I l a  C 9 0 .0524 1" 188 1" 143 
H l a  Clo - - 0 . 0 2 0 9  1.131 1-340 
I-I15 Cl l  - - 0 . 0 6 0 1  0.945 1.178 
X-I~e C12 - - 0 . 0 2 9 9  0.814 0.822 
I-Ii~ C13 0.0446 0.868 0.631 

Table 2. Atomic coordinates 

A t o m  x y z B (A ~) 

C 1 0.1690 0.5447 0.850 4.7 
C~ 0.1254 0.6153 0.869 4.3 
C 3 0.1366 0.8492 0.755 4.4 
C 4 0 .1389 0.9941 0.866 3.8 
C s 0 .2100 1.1126 0.931 4.1 
C 6 0 .2480 1.1810 0.772 4.2 
C 7 0-0989 1.0730 0.760 4.6 
C s 0.0543 1-0319 0.877 4.3 
C 9 0.0353 1.1084 1.074 4.9 
Clo - - 0 . 0 0 7 2  1.0757 1.191 5.8 
Cl l  --  0 .0300 0.9674 1.097 5.5 
Ca2 --  0.0126 0.8940 0.892 5.4 
Cla 0.0309 0.9236 0.779 5.2 
N 1 0.1286 0.7560 0.946 4.0 
:N 2 0 .1794 1.0553 0.752 4"0 
l~l a 0.2532 1.3192 0.865 4.4 
01 0.2051 0.6071 0.881 5.0 
O~. 0.1678 0.4228 0-787 6.1 
0 a 0.1432 0-8240 0.512 5.4 
04 0 .2064 1.1181 1.176 6.6 
Ow 0-1276 0.3115 0.323 7.4 
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program developed by Lavine and Rollett (1956) and 
a Fourier routine which calculates electron density at 
intervals of 1/38 or 1/76 of the unit cell. Four para- 
meters for each atom--three positional coordinates 
and one isotropic temperature factor--were refined. 
Hydrogen parameters were calculated assuming tetra- 
hedral or plane trigonal configurations and C-H and 
~¢-H distances of 1.0 and 0.9 A, respectively; the 
hydrogen atoms of the terminal NHa + group were 
placed in a tetrahedral configuration such that  the 
three N - H . . .  O hydrogen bonds were, on the average, 
as linear as possible. The hydrogen atoms of the water 
molecule were not included. The calculated hydrogen 
parameters are listed in Table 1. These positions were 
checked on two- and three-dimensionM maps and with- 
out exception fell on pronounced maxima. 

During the course of refinement of the atomic para- 
meters, approximately thir ty cycles of structure-factor 
least-squares or structure-factor difference-map cal- 
culations were carried out, many of the cycles being 
based on data from only one or two layer lines. The 
primary reason for this inordinate number of cycles 
lay in the poor quality of the intensity photographs 
and especially in the lack of adequate data for re- 
flections with high values of l; as a result, the rate 
of convergence of the z parameters was quite slow. 
An additional difficulty arose in the refinement of the 
parameters of the carbon and oxygen atoms of the 
two carbonyl groups; within each group the carbon 
and oxygen atoms have nearly the same x and y 
parameters and their z parameters differ by almost 
exactly ~,1 and the coupling between the indicated 
parameter shifts of the two atoms in each pair was 
extensive. This difficulty, too, can be traced to the 
lack of satisfactory high-layer-line data. 

A series of difference projections on to (001) cal- 
culated at an intermediate stage of the refinement 
indicated the presence of approximately one-half a 
water molecule per asymmetric unit; no further at- 
tempt was made to refine the compositional parameter 
of the water. The contributions of the hydrogen atoms 
were included at an early stage, but the hydrogen 
parameters were not adjusted by least-squares. The 
weighting function of Hughes (1941) was used for the 
least-squares adjustment of the positional and indi- 
vidual isotropic temperature factors of the heavy 
atoms; the h/c3 data, as well as a few low-order reflec- 
tions which were observed only on the h0l Weissen- 
berg photograph, were given an additional weight of ½. 
Missing reflections were included in the least squares 
only if the calculated structure factor was greater 
than the minimum observable, in which case / iF  was 
taken as the difference between the two quantities. 
Scale factors for the various layer lines were adjusted 
after every few cycles; since the data from the dif- 
ferent layer lines were not well correlated, the in- 
dividual scale factors undoubtedly compensate for 
thermal anisotropy in the c direction which, in view 

of the geometry of the molecule, might be expected 
to be large. 

:'~'- , . . . . . .  ! ........ ...j.-',--. 

...," ,,@ ,,- ,,, .- , ,, . . . .  .._ , .- . ;' , ',, --..., 

O" / ""J "~/ ' ' ; , " . . . . . . .  

,::~., -,_.._., .,. 

Fig .  1. T h e  f ina l  e l e c t r o n - d e n s i t y  p r o j e c t i o n  on  (001). C o n t o u r s  
a r e  a t  i n t e r v a l s  of  2 e . A - 2 ;  t h e  d a s h e d  l ine  is t h e  1 e . A  -2 
c o n t o u r .  

The final positional and temperature-factor para- 
meters for the twenty-one heavy atoms are given in 
Table 2; the observed and calculated structure factors 
are listed in Table 3. (The calculated values listed in 
Table 3 were obtained from the penultimate set of 
parameters which differed from the final ones by a 
maximum of 0.007 A). An electron density projection 
on to (001), based on signs for the hlcO reflections 
calculated from the final parameters, is shown in 
Fig. 1. 

Accuracy of the resul ts  

The R factors for the individual layer lines are listed 
in Table 4; the over-all factor for 885 reflections is 
0.126. All observed reflections which were given non- 
zero weight in the least-squares treatment were in- 
cluded in the computation of the R factor; the un- 
observed reflections for which the calculated structure 
factor was greater than the threshold value were also 
included, the observed structure factor being set equal 
to the threshold value. The principal sources of error 
between calculated and observed structure factors are 
undoubtedly two-fold: (1) the poor quality of the data, 
particularly for the second and third layer lines; 
(2) the failure to compensate for anisotropic thermal 
effects. 

Table 4. Final R factors for the individual layer lines 
1 R . ~ F o  , ~ F c  n 

0 0.115 3602 3658 276 
1 0.119 3796 3901 331 
2 0.123 2242 2241 196 
3 0.202 942 917 82 

AH 0.126 10582 10717 885 

The standard deviations in the positional parameters 
were calculated from the residuals and diagonal ele- 
ments of the normal equations of the least-squares 
procedure; they range from 0.006 to 0.010 A for the 
x and y parameters and from 0.013 to 0.022 J~ for 
the z parameters of the atoms in the tripeptide mole- 
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cule. The s tandard  deviations in the x, y, and  z para- 
meters of the oxygen atom of the water molecule are 
0.015, 0.016, and  0"033 A, respectively. I t  seems ap- 
propriate,  then, to quote s tandard  deviations of about  
0.02 A in the  bond distances and  1.5 ° in the bond 
angles; for reasons discussed earlier, i t  seems l ikely 
tha t  the uncertaint ies  in the distances involving the 
carbon and  oxygen atoms of the carbonyl  groups are 
somewhat  larger. 

The calculated s tandard  deviations in the tempera-  
ture-faetor parameters  B range from 0.14 to 0.24 A~ 
for the  atoms in the main  molecule; it  is 0-42 _~ for 
the oxygen a tom of the water molecule. 

D i s c u s s i o n  of the s t ruc ture  

(i) Bond distances and angles 
The bond distances and  angles calculated from the 

parameters  in Table 2 are shown in Fig. 2 and  listed 
in Table 5. The equations for the best planes of the 
carboxyl  group, of the two peptide groups, and of the 
benzene ring are given in Table 6, together with the 
deviations of the indiv idual  atoms from these best 
planes. Iqone of these deviations is significant. 

In  view of the re la t ively  large uncertaint ies  in the 
atomic parameters ,  i t  is p robably  not  fruitful  to un- 
dertake a detai led discussion of the individual  bond 
distances and angles. In  general, the values are in 
good agreement  with those found in analogous com- 
pounds. The average of the five single-bond C-C 
distances is 1.51 J~, which is smaller  t han  the value 
1.54 usual ly  assigned to a C-C single bond but  close 
to the average values found in leucyl-prolyl-glycine 
(Leung & Marsh, 1958) and in various amino acids 
(see Donohue & Trueblood, 1952). The average C-C 
distance wi th in  the benzene ring is 1.38 J~, which is 

Table 5. Bond distances and angles 
Distance Angle 

C1-C 2 1.48/~ 01-C1-O 2 122 ° 
Cs-C 4 1.55 O1-C1-C ~ 120 
Cs-C ~ 1.53 O2-C1-C~. 117 
C4-C 7 1.52 C1-C~-N 1 115 
C7-C 8 1.50 C2-N1-C a 120 

NI-C3-O 3 124 
C8-C 9 1.35 N1-Cs-C 4 114 
C9-C10 1.42 Os-C3-C 4 122 
C10-Cll 1-36 Cs-C4-C v 109 
Cll-C12 1-35 C3-C4-N ~ 107 
CI~-Cls 1'44 C7-C4-N ~ 107 
C1s-C 8 1.37 C4-N2-C 5 118 

N2-C5-04 126 
Ce-N 1 1-46 N~-Cs-C 6 110 
C4-N~. 1.46 04-C5-C 6 123 
C6-N S 1-46 Cs-C6-N S 110 

C4-C~-C 8 115 
N1-C S 1- 34 C7-C8-C 9 119 
N2-C5 1.39 C~-Cs-Cls 122 

Cs-Cp-Clo 122 
C~-O~ 1 . 2 5  Cs-C10-C~ 119 
Cx-O~ 1 . 2 6  Cx0-C~l-C12 120 

C~-C12-C~3 121 
Cs-O S 1"23 C12-C~3-C 8 119 
C~-O 4 l'21 C~s-C8-C 9 119 

~_ ~.~ ~6 I 1'46 

T 

1"461 

Fig. 2. The bond distances (a) and bond angles (b). 

close to the accepted value of 1.39 A. Wi th  the excep- 
t ion of the N2-C5 distance, which appears to be about  
0"07 X longer t han  usual, the  distances wi th in  the  
pept ide and earboxyl  groups are close to the expected 
values (Paullng & Corey, 1958); the surprising length 
of the N2-C5 bond is, we feel, an art ifact  associated 
with the diff iculty discussed earlier in positioning the  
carbon and oxygen atoms of the peptide groups. Ad- 
di t ional  evidence tha t  the parameters  of the atoms in 
the N- terminal  peptide group are especially poorly 
determined is furnished by  the small  value of the  
N~-Cs-C6 bond angle and the general lack of co- 
p lanar i ty  of the five atoms (Table 6). 

(ii) Intermolecular packing 
The most impor tan t  result  of this s tructure inves- 
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; o ; ° F  ° C _ A  '° C2~=, 
i, - C 9  

g 6 - 

(a) (b) (c) 

Fig. 3. Drawings showing the pleated-sheet arrangement of GPG molecules. (a) Portions of three molecules viewed at an 
angle of 15 ° from the c axis. (b) A single molecule viewed down c. (c) Three molecules viewed along a. 

tigation is, we feel, the observation that  the parallel- 
chain pleated sheet configuration of a polypeptide 

Table 6. Best planes through various groups of atoms 
T h e  e q u a t i o n s  of  t h e  p l a n e s  a r e  e x p r e s s e d  in  t h e  f o r m  
A ( a o x ) + B ( b o Y ) + C ( c o z ) = D  , w h e r e  D is t h e  o r i g i n - t o - p l a n e  

d i s t a n c e  
D e v i a -  

P l a n e  A t o m  t i o n  A B C D 

C a r b o x y l  C 1 0.020 A - 0 . 0 3 2  - - 0 . 2 2 4  0.974 0.121 
g r o u p  C 2 - - 0 . 0 0 6  

O 1 - 0.007 
02 -- 0.007 

P h e - g l y  C 2 --  0.004 
p e p t i d e  C a - -0 .011  
g r o u p  C 4 0.000 

N 1 0.009 
0 s 0.006 

G l y - p h e  C 4 0-025 
p e p t i d e  C s --  0.034 
g r o u p  C s 0.027 

N 2 --  0.025 
04 0.006 

B e n z e n e  C 7 0.011 0.448 - - 0 . 5 7 8  0.682 2.324 
r i n g  C s - - 0 . 0 2 4  

C 9 0.012 
Clo - - 0 . 0 0 2  
C n --  0.009 
C12 0.021 
C13 --0.010 

0.980 - - 0 . 1 0 2  0.169 3.941 

- - 0 - 5 0 3  0.863 - -0 -051  - - 2 . 1 1 9  

chain occurs in crystals of a simple peptide. This con- 
figuration was first formulated by Pauling & Corey 
(1951), who later (Pauling & Corey, 1953) modified 
the atomic parameters and, on the basis of the close 
agreement between the predicted repeat distance along 
the polypeptide chain and the observed fiber-axis 
identity distances in the fl-keratin proteins, suggested 
that  it may be the basic structural feature of these 
proteins. In glycyl-phenylalanyl-glycine we now find 
direct evidence of the stability of this configuration. 

Views of the pleated sheet structure of GPG are 
shown in Fig. 3. The dimensions of the two-residue 
fragment occurring in GPG differ somewhat from 

those proposed by Pauling and Corey (1953) for the 
parallel-chain pleated sheet. The distance between C2 
and Cs, which corresponds to the repeat distance in 
the pleated sheet configuration, is 6.74 ~ compared 
with the proposed value of 6.50 A; the distance be- 
tween adjacent chains within the sheet (the c-axis 
identity distance) is 4.90 A compared with the pro- 
posed value 4.85/~, and the dihedral angle at Ca 
between the chains of the two peptide groups is 
126.2 ° compared with 117.8 °. Thus, the peptide chain 
in GPG is slightly more extended than in the parallel- 
chain pleated sheet configuration; this extension, 
which causes some distortion of the N - H . . . O  hy- 
drogen bonds between chains, might easily be ac- 
counted for by considering other intermolecular forces, 
particularly those involving the terminal groups. 

Besides the N - I t  . . .  O hydrogen bonds between 
peptide groups of adjacent molecules, there is a net- 
work of hydrogen bonds between the terminal NH3 + 
group and the carboxylate ions of adjacent molecules; 
this network is shown in Fig. 4. The distances and 
angles involving the hydrogen bonds are listed in 
Table 7; these values are similar to those found in 
other peptides and amino acids (see, for example, 
Fuller, 1959). 

The water molecule, when present, is surrounded 

Table 7. Hydrogen-bond distances and angles 
N 1 . . . O  a 2 . 8 9 / k  C 2 - N 1 " ' ' O  a 119 ° 

C a - N 1 . . .  O 3 119 

N 2 . . .  04 3"00 C 4 - N 2 - - .  04 132 
C 5 - N 2 . . .  04 l l 0  

N 3 . . .  O 1 2"78 
N a . . .  01 ' 2"91 
N a • ' '  02  2 '77  

O w ' ' "  02 2"80 
Ow " ' "  O2" 3"09 
O w ' ' "  04  3"12 

C6-N3 • • • O 1 124 
C 6 - N 3 . . .  01  ' 92 
C6-Na • • • 02 102 
O 1 • • • N a • • • O 1' 119 
01 • • • N a • • • 02 101 
O 1 " . . . N  a . . . O  2 115 

0 2 " ' '  O w ' ' "  O2" 113 
0 2 " ' '  O w ' ' "  O4 97 
0 2 " ' '  O w ' ' "  04  75 
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Fig. 4. A drawing of the structure viewed along the c axis. 

© 

b y  three oxygen atoms at distances of 3.12/~ or less. 
On the basis of the interatomic distances and angles 
in Table 7, there is l i t t le evidence for deciding which 
two of the three H~0 . . .  0 distances represent hy- 
drogen bond interactions;  nor did the difference maps, 
which contained background due to uncompensated 
tempera ture  motions, decide the question. We believe 
tha t  the negative charge on atom Oz would tend to 
make  it a significantly better  hydrogen-bond acceptor 
t han  04, and tha t  accordingly the water molecule 
probably  forms hydrogen bonds to the two neigh- 
boring 0~ atoms rather  t han  to 04. As is the case in 
the crystal  structure of leucyl-prolyl-glycine (Leung & 
Marsh, 1958), the principal  role of the water molecules 
appears to be one of filling space. None of the H 2 0 . . .  O 
distances is very  short and the water molecule is not 
impor tan t  in hydrogen bonding the tr ipeptide mole- 
ctfles together. I t  is hard ly  surprising, then, tha t  the 
structure is stable with only half  the water sites 
occupied. 

We are indebted to Dr J.  R. Vaughan,  Jr. ,  of the 

American Cyanamid  Corporation for the sample of 
GPG. We also wish to thank  Dr Robert  Ddgeilh, who 
grew the first crystals and measured the cell dimen- 
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