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Abstract 

The tripeptide crystallizes as a zwitterion with a proton- 
ated histidyl ring and the C-terminus ionized and with 
five water molecules of hydration (C21H27NsOs.5H20). 
The tripeptide adopts an all trans extended confor- 
mation with the histidine and phenyl rings parallel 
to one another. The C-terminus coils into a helical 
conformation. An intramolecular hydrogen bond be- 
tween the C-terminus and the N6 atom of the histi- 
dine ring stabilizes the helical conformation. The prin- 
cipal torsion angles are ~1 = -67.7  (8), ~bl = 140.8 (5), 
wl = 171.0(6), qo2 = --156.5 (5), ~2 = 162.7 (5), w2 = 
175.0(5), qo3 = --96.4(6), ~ r  1 = 14.5 (8) and ~br 2 = 
-164.6(6)  ° [IUPAC-IUB Commission on Biochemi- 
cal Nomenclature (1970). J. Mol. Biol. 52, 1-17]. The 
tripeptides are linked in infinite chains through a short 
intermolecular hydrogen bond between the C-terminal 
carboxylate group and the protonated histidyl Ne atom. 

Comment 

Angiotensin converting enzyme (ACE) cleaves the 
neurotransmitter angiotensin(I) to the octapeptide 
angiotensin(II) and the dipeptide L-histidine-L-leucine. 
Kinetic studies of the inhibition of ACE are often car- 
fled out using hippuryl-L-histidyl-L-leucine (Hip-L-His- 
L-Leu) as the substrate (Cushman, Cheung, Sabo & On- 
detti, 1977; Galardy, Kontoyiannidou-Ostrem & Kortyl- 
ewicz, 1983; McEvoy, Lai & Albright, 1983; Cheung, 
Wang, Ondetti, Sabo & Cushman, 1980). Hence the 
structure of the substrate molecules should provide in- 
formation regarding the geometric requirements of the 
ACE active site. In the crystal, the tripeptide terminates 
in a helical conformation stabilized by an intramolecu- 
lar hydrogen bond, as has been found in other peptides 
containing a terminal sequence of L-histidine-L-leucine 
(Krause, Baures & Eggleston, 1993). The ten-membered 
ring thus formed, which was also observed in the dipep- 
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tide structure (Krause, Baures & Eggleston, 1993), is 
similar in conformation to a beta turn. 

The geometric requirements of the ACE active 
site have been proposed by comparing the observed 
and preferred conformations of several ACE inhibitors 
(Vrielink, 1985; Hausin, 1989; Hausin & Codding, 1990, 
1991). The crystallographic conformation observed for 
the ACE substrate is consistent with the postulated 
requirements for inhibitor binding to the enzyme active 
site (Hausin & Codding, 1990) and matches the low- 
energy conformation of a high-affinity inhibitor with 
a superposition of the atoms that are believed to be 
involved in binding to the enzyme to within 0.3 A. The 
tripeptides are connected by a short, almost symmetrical 
intermolecular hydrogen bond between the protonated 
histidyl Ne atom, N2E, and the C-terminal O atom, O', 

I 1 of the ( - ~  + x, - ~  -y ,  - z )  symmetry-equivalent posi- 
- 

tion. 

C3DI /~h ~ O" 

c3v2 d~ o 2 ~  ~N' "3' '~' 
C2'~ N2D ~ O C 2  E 

cz~ C2G ,f ~ 
N 2 ~  ~ N2E 

c~~CIcIAY 101, C2B T ~ C 2 0  

N I ~  ~ O11 

CII ~ C  
17 

CI4(~I27~ ~, CI5 

Fig. I. The tripeptide structure and the atomic labeling scheme. 
Displacement ellipsoids are drawn at the 50% probability level and 
the H atoms are assigned arbitrary radii. 
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Fig. 2. A stereodrawing illustrating the intramolecular hydrogen bond 
between the C-terminal carboxylate and the histidyl N atom, as 
well as the intermolecular interactions with the sheath of  water 
surrounding the tripeptide in the crystal. The structure is drawn as 
in Fig. I. 

E x p e r i m e n t a l  

Hip-L-His-L-Leu was obtained from Peninsula Laboratories, 
Belmont, USA, and crystallized by slow evaporation from a 
methanol-water mixture. 

Crystal data 

C 2 1 H 2 7 N s O s . 5 H 2 0  M o  Kc~ rad ia t ion  

Mr  = 519 .56  ,X = 0 . 7 1 0 6 9  ,~, 
O r t h o r h o m b i c  Cel l  p a r a m e t e r s  f r o m  25 

P2~ 2~ 2~ reflections 
a = 10.055 (2) A 0 = 8 . 7 - 1 6 . 4  ° 

b = 1 4 . 9 7 4 ( 4 )  ,~ # = 0 .102  m m  -~ 

c = 17.825 (5) ,&, T = 293 (2) K 

V = 2683 .8  (12) ,~3 P la te le t  

Z = 4  0.4 × 0.3 × 0.1 m m  
Dx = 1.286 M g  m -3  Colorless  
Dm not  m e a s u r e d  

Data collection 
Enraf-Nonius CAD-4F  

diffractometer 
w/20 scans 
Absorption correction: 

none 
4726 measured reflections 
3467 independent reflections 
2418 observed reflections 

[I > 2o'(/)1 

Refinement 
Refinement on F 2 
R(F) = 0.0671 
wR(F 2) = 0.1521 
S = 0.986 
3463 reflections 
325 parameters 
H atoms: see below 
w = I/[O.2(F~ 2) + ( 0 . 1 0 0 0 P )  2] 

wi th  P -- (Fo e + 2Fc2)/3 

Rint = 0 .0359  

0max = 22.43 ° 
h = - 10 ~ 10 
k = 0 --+ 16 
l = 0 ---~ 19 
3 standard reflections 

frequency: 30 min 
intensity decay: 4% 

(A/o. )max -- 0 .019  
Apmax = 0 .189  e ,~k -3  

Apmi, = - 0 . 2 0 2  e ,~-3 
Extinction correction: none 
Atomic scattering factors 

from International Tables 
for Crystallography (1992, 
Vol. C, Tables 4.2.6.8 and 
6.1.1.4) 

Table 1. Fractional atomic coordinates and equivalent 
isotropic displacement parameters (.~2 ) 

Ueq = ( I / 3 ) E i ~ j U q a ;  a; ai.aj. 

x y 
O' 0.2830 (5) -0.0767 (3) 
O" 0.4149 (5) 0.0224 (3 
C3' 0.3148 (6) 0.0015 (5 
C3A 0.2270 (6) 0.0790 (4 
C3B 0.3072 (6) 0.1570 (4 
C3G 0.2305 (8) 0.2393 (5 
C3D1 0.1635 (12) 0.2823 (7 
C3D2 0.3228 (10)  0.3059 (6 
N3 0.1344 (5) 0.0489 (3 
02 -0.0436 (4) 0.0267 (3 
C2' 0.0085 (6) 0.0260 (4 
C2A -0.0646 (6) -0.0113 (4) 
C2B -0.0177 (6) -0.1055 (4) 
C2G -0.0274 (6) -0.1731 (4) 
C2D -0.1134 (7) -0.2407 (5) 
N2D 0.0617 (5) -0.1775 (3) 
C2E 0.0295 (7) -0.2451 (5) 
N2E -0.0776 (6) -0.2852 (4) 
N2 -0.2067 (5) -0.0074 (3) 
Ol -0.2633 (4) -0.0118 (3) 
CI '  -0.2949 (6) -0.0049 (4) 
CIA -0.4379 (6) 0.0135 (4) 
NI -0.5357 (5) -0.0386 (4) 
OII -0.4565 (5) -0.1673 (3) 
CII -0.5409 (6) -0.1271 (5) 
C12 -0.6547 (6) -0.1744 (5) 
C13 -0.7057 (7) -0.1470 (5) 
CI4 -0.8145 (8) -0.1912 (6) 
C15 -0.8663 (8) -0.2625 (6) 
C16 -0.8166 (8) -0.2912 (5) 
C17 -0.7086 (7) -0.2480 (5) 
OWl -0.3909 (5) -0.3427 (4) 
OW2 -0.0957 (6) -0.0522 (4) 
OW3 0.2120 (5) 0.0616 (4) 
OW4 -0.3265 (6) -0.0666 (4) 
OW5 -0.0071 (5) 0.0173 (5) 

z Ueq 
0.0235 (3) 0.0576 (14) 

-0.0272 (3) 0.071 (2) 
0.0086 (4) 0.042 (2) 
0.0370 (3) 0.038 (2) 
0.0654 (4) 0.044 (2) 
0.0893 (5) 0.066 (2) 
0.0238 (7) 0.134 (5) 
0.1268 (6) 0.111 (4) 
0.0942 (3) 0.0358 (13) 
0.0188(2) 0.0531 (13) 
0.0804 (3) 0.0323 (15) 
0.1501 (3) 0.0344 (15) 
0.1704 (3) 0.038 (2) 
0.1096 (3) 0.0356 (15) 
0.0983 (4) 0.052 (2) 
0.0509 (3) 0.0436 (14) 
0.0077 (4) 0.051 (2) 
0.0342 (3) 0.052 (2) 
0.1351 (2) 0.0348 (12) 
0.2574 (2) 0.0458 ( 11 ) 
0.1918 (3) 0.0348 (14) 
0.1667 (4) 0.046 (2) 
0.2080 (3) 0.0429 (14) 
0.1613 (3) 0.0596 (14) 
0.1992 (4) 0.045 (2) 
0.2365 (4) 0.047 (2) 
0.3051 (4) 0.058 (2) 
0.3365 (5) 0.069 (2) 
0.3003 (5) 0.072 (2) 
0.2322 (5) 0.070 (2) 
0.2005 (4) 0.054 (2) 
0.1749 (4) 0.090 (2) 

-0 .  I 183 (3) 0.088 (2) 
0.2493 (3) 0.072 (2) 

-0.0074 (3) 0.092 (2) 
0.3339 (3) 0.093 (2) 

o 

Table 2. Selected geometric parameters (A, o) 
The bond lengths in the phenoyi ring of the hippuryl residue rangoed 
from 1.352 (11) to 1.395 (10) A with an average value of 1.381 (14) A. 
The internal bond angles in the ring ranged from 119.0(8) to 
121.7 (8) ° with an average value of 120.0 (9) ° . 

O ' - -C3 '  
0"---C3' 
C3'---C3A 
C3A--N3 
C3A---C3B 
C3B--C3G 
C3G----C3DI 
C3G---C3D2 
N3--C2' 
O2---C2' 
C2'--C2A 
C2A--N2 
C2A---C2B 

O " - - - C 3 ' ~ '  
O ' - - C 3 ' - - C 3 A  
O'---C3'--C3A 
N3--C3A--C3B 
N3--C3A--C3 ~ 
C3B---C3A--C3' 
C3A----C3B--C3G 
C3D 1 ~C3G----C3B 
C3D I---C3G--C3D2 
C3B---C3G--C3D2 
C2'--N3--C3A 
O2---C2t--N3 
O 2 ~ 2 ' - - - C 2 A  
N3--C2'---C2A 

.242 (7) C2B---C2G 1.487 (8) 

.232 (7) C2G---C2D 1.346 (8) 

.543 (9) C2G--N2D 1.380 (7) 

.453 (7) C2D--N2E 1.371 (9) 

.508 (8) N2D---C2E 1.312 (8) 

.515 (9) C2E--N2E 1.321 (9) 

.494 (12) N2---CI' 1.345 (7) 

.518(11) O1---C1 ~ 1.217(7) 
1.335 (7) CI'---CIA 1.531 (8) 
1.217 (7) CIA--NI 1.454 (7) 
1.549 (8) N 1 - -C 11 1.335 (8) 
1.454(7) O l 1 ~ 1 1  1.241 (7) 
1.531 (8) C1 I--C12 1.502(9) 

124.1 (6) C2G---C2B---C2A 115.8 (5) 
116.5 (6) C2D----C2G--N2D 105.6 (5) 
119.4 (6) C2D---C2G--C2B 131.5 (6) 
110.3 (5) N2D---C2G---C2B 122.9 (5) 
111.3 (5) C2G----C2D--N2E 108.8 (6) 
112.7 (5) C2E--N2D--C2G 108.7 (5) 
116.9 (6) N2D---C2E--N2E 110.0 (6) 
111.1 (7) C2E--N2E---C2D 106.9(6) 
109.7 (8) CI'--N2---C2A 120.7 (5) 
110.3(7) O 1 - - C I ' - - N 2  123.1 (5) 
123.9 (5) O1--CI t---CIA 122.8 (5) 
125.0(6) N2---C I I---C IA 113.9(5) 
121.5(5) N I ~ I A - - C I  t 113.0(5) 
113.2(5) C11--NI--C1A 120.0(5) 
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N2---C2A---C2B 112.5 (5) O1 t---CI I--NI 121.3 (6) 
N2---C2A----C2 ~ 107.7 (5) OI I----CI I--C12 122.2 (6) 
C2B--C2A---C2' 112.1 (5) N I--C11--C12 116.5(6) 

Table 3. Hydrogen-bonding geometry (,4) 

NI. • .OW3 i 3.038 (7) OW2. • .O1 "i 2.800 (7) 
N2. • -OW4 2.948 (7) OW2. • .02 2.763 (6) 
N2D. • .O' 2.733 (7) OW3. • .OW5 2.751 (8) 
N2E- • -O 'ii 2.701 (7) OW3. • .OWl '~ 2.667 (7) 
N3. • -OW3 2.878 (7) OW4- • .OW2 3.056 (8) 
OWl.--O11 2.718(7) OW5...O"' 2.710(7) 
OWl- • . O ~ / 2  ii 2.782 (8) OW5. • .O1 2.947 (7) 

Symmetry codes: (i) x - 1, y, z; (ii) x - ~, - ½ - y, - z ;  (iii) - ½ - 
x , - y , z -  ½ ; ( i v ) - x , v  t +y,  ½ - z ; ( v )  ½ - x , - y , ~ + z .  

A single crystal was sealed in a 1.00 mm quartz capillary 
tube along with mother liquor (McPherson, 1982). The crys- 
tal diffracted poorly, undoubtedly due to the inclusion of five 
water molecules per tripeptide in the structure. Data extended 
to 1.03 .~ resolution; the resulting number of observed reflec- 
tions was therefore limited, providing insufficient data to refine 
H-atom parameters and producing large agreement factors. A 
difference electron density synthesis following the initial struc- 
ture solution revealed the locations of five water molecules. 
In order to estimate the validity of parameters introduced in 
the refinement process, every tenth reflection was set aside for 
calculation of an Rfree value (Brunger, 1992). The H atoms in- 
volved in intermolecular and intramolecular interactions were 
placed in observed positions found in electron difference den- 
sity maps and refined as tiding atoms, maintaining the ob- 
served n o n - H - a t o m - H - a t o m  separation. Inspection of  the Rfrcc 
value favored this approach over  posit ions generated by  stan- 
dard geometry.  Lift ing of  the initial restraints in the refinement 
process  resulted in a slight deformat ion of  the phenyl ring. The 
final difference electron density map showed a uniform dis- 
tribution of  residual electron densi ty with some indication of  
disorder of  the leucine methyl  C atoms. 

Data  collection: DATCOL for CAD-4 (Enraf -Nonius ,  1982). 
Cell refinement: TEXSAN (Molecular  Structure Corporation,  
1993). Data  reduction: TEXSAN. Program(s)  used to solve 
structure: SHELXS86 (Sheldrick, 1985). Program(s)  used to 
refine structure: SHELXL93 (Sheldrick, 1993). Molecular  
graphics: ORTEPII (Johnson, 1971). Software used to prepare 
material for publication: SHELXL93. 

This work was supported by the Medical Research 
Council of  Canada (grant to PWC) and by the Alberta 
Heritage Foundation for Medical Research (studentship 
to AV). Computing support from the University of  
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Lists of structure factors, anisotropic displacement parameters, H- 
atom coordinates and complete geometry have been deposited with 
the IUCr (Reference: BK1197). Copies may be obtained through The 
Managing Editor, International Union of Crystallography, 5 Abbey 
Square, Chester CH1 2HU, England. 
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Abstract 

The crystal structure of (20R,22RS)-27-norcholest-5-en- 
3,3,20,22-triol 3,22-diacetate, C3oH4~O.s, is reported. 

Comment  
A mixture of (20R,22RS)-27-norcholest-5-en-3~,20,22- 
triol 3,22-diacetate was fractionally crystallized and 
provided a single isomer, (1), for the present X-ray 
analysis. The 20R/S mixture was obtained by thermal 
decomposition of the hydrazone by the Wolff-Kishner 
reduction of (20R)-3'3,20,26-trihydroxy-27-norcholest- 
5-en-22-one, which undergoes a base-catalyzed 1,5- 
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