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it CONSEQTJENCE OE' A I I I D E  RE-
SOSASC'E. I ++ 11, siiuple xinides are  
planar (1 6 ) .  I f  fo r  any reason the atoms AS 

attached to the nitrogen are forcrd out of 

the plane of the remainder of tlie ~ l ~ i i t l e  group, as in 

111, steric inhibition of amide reior ia~~ce 
\hould result 

(7, 8).A nonplanar mnide, such as 111, should have 
enhanccd reactivity ( 7 .9 ) . This is the explanation that 
has been qiven for  the reactivity of the penicillins (7) .  
As iliol~lr in I V ,  fu5ioil of the four-membered 6-lactam 
ring TI 1tl1 the five-n~enibercd thiazolidine ring forces 
onc of the carbons attached to the nitrogen out of the 
plane of the amide group. Although the exact ~nagni-  
tilde of the effect is ulicertirin because of liiilited data 
and because of the coinplex structure of the penicillins, 
it is probable that stcric inhibition of a~uide  reson- 
ance increases the rate of alkaline hydrolysis of the 
aiilicle linkage in benzyll~enieillin ( 10 )  by a factor' 
betx-ecn l o3  and l o 6 .  

Since the extent of tile inllihitinn of aniide reson- 
sncc d c p c n d ~  on t h ~  angle a t  ~ ~ h i c h  the attached atoms 

' Jour11.il 1'nl)cr XI 912. Yc~r.York Stilt? .\grlcultnral Ex-
~)rr iment  Station. 

9 The studies descri1,rd in ( 1 0 )  indicate tha t  tlie effects of 
the substitucnts on the re t i c t i r i t~  of the p-lactarn in benzyl- 
1,enicillin either cancei each other or arc small in magnitude. 
The increased reactiritj- of the 8-loctarr~ in henzylpenicillin 
can therefore he attl.itjuti'r1 to steric inhibition of amide 
resonance. Since benzyll~e~iicillin is l~ydrolyzed by alkali ag- 
proximately 4 x  1 0 V i i n r s  as  fast  a s  l-methpI-'2-azetidinone 
( I \ ' -methyl-8-pro~j io luct~n~) ,  lo3 would toa factor of appear 
bc the minimum for stei.ic inhibition of rc'soiknnce. dccording 
to :I suggestion by \\'onlf\val3d ( 7 1 ,  the fact tha t  8-lnctnms are 
nlore reactive than or~linary amides nlay also be due to  steric 
inhihition of alnide resonance. If this is true, tile reactivity 
of benzgl~~cnicillin s110111(1 he compared with that  of ordinary 
:~lnillz.: irlstenrl of p lacrams. and this conlpa~.ison gives a 
factor of 105 or 108 for the effect of steric inhibition of amide 
IPRO1ILIICC. 

are distorted f ~ o i l i  the plane (8),inhibition woiild be 
a t  its nlaxiinurn in  a structure, such as 111, in which 
the plane of the amide group is perpendicular to the 
plane containing the nitrogen and attached carbons. 
In  the penicillins only one of the carbons attached to 
the nitrogen is out of the plane of the a~nide  group, 
and this is out a t  an arigle of approxinlately 55°.S 
Therefore, the increased reactivity observed in the 
prnicillins is presumably less than the inaxinlum pos- 
slble irirrease in r e a c t i ~ i t y . ~  

Steric inhibition of anlide resoriarice thus offers a 
means by which a steric effect imposed on an ainide 
group can greatly increase the reactivity of the amide. 
The purpose of this note is to suggest that, steric in- 
hibition of arnide resonance nlay play a role in the 
enzymatic hydrolysis of amides. 

According to this hypothesis, an enzyme inay facili- 
tate hydrolysis of a substrate arnide group by distort- 
ing the susceptible amide group into a nonplanar and, 
therefore, reactive configuration. Distortion of this 
nature would be opposed by the resonance energy of 
the ainide group. To overcorne this opposition, the 
forces of attraction between the enzyme and the sub-
strate would have to be greater with the subqtrate 
aniide group nonplanar rather than planar. I t  is 
possible that the hydrogen bonds and other interxc- 
tions between tho substrate and enzyme might be 
greater in nurnber or of greater energy with the amide 
group in a nonplanar configuration than in a plartar 
configuration, and as a result a onpl planar configura-
tion should be favored. The rionplanar amide gronp 
]night then react directly, with water (a  hydroxyl ion 
and a hydrogen ion), or indirectly, by way of soine 
group present on the surface of the enzyme. 

I t  is possible to draw a rough picture of the sort 
of interactions between enzyme and substrate which 
iiiight be effective in bringing about steric inhibition 
of alnide resonance. Figs. 1 and 2 indicate conceivable 
cnzyrr~e-substrate interactions that inight account fo r  

"l'l~is angle is tjxsed on x-ray data reported by D. Crowfool 
ct u l  in ( 7 .  1,. 310). 

4 hIilsimun1 reactivity ~vonlrl t ~ e  obsr.rred in it colnpound 
rnc-h as 2-qnini~clidinon~~: 

linfortunately, all atte~ilpts to prepare compounds of this 
type hare  b i ~ 1  unsuccessful. The synthesis of buch a com-
11ound and a study of i ts  rencti\ity would be of great interest. 



F I G .  I. I I~.yothet ical  trypsin nllowilig interaclio~iv surf ' i~t~e 
with 1111 itcyl-L-arginine eniirlc or  ecpl-L-lgsine amidc. The two 
hydrogens on the nitrogen are  distorter1 out of the  plane of' 
the  ami~ lc  group by hytlrogen-bonding, ( d )  and ( e ) .  

the specificity of trypsin. Fig. 3 indiciltcs inter:ictions 
that might account fo r  the absolute specificaity of 
urease. 

I t  is known that trypsin catalyzes the hytlrolysis of 
amides, peptides, and esters of various acyl derivatives 
of L-arginine and L-lysine (11) . Fig. 1 is tlrawn to 
indicate conceivable interactions between trypsin and 
an acyl-L-arginine a~nide  ot, acyl-L-lysine ari~idc. The 
interaction (a )  between a negatively charged group in 
the trypsin molecule and the positil-ely charged argi- 
nine or lysine side chain of the substrate, in  eoncjunc- 
tion with a hydrogen bond ( b ) ,  determines the posi- 
tion of the substrate on the enzyme surface.Tyil t .o-  
gen-bonding (c)  of the osygen of the amide to the 
trypsin surface, possibly in conlbination with ot,her 
steric factors, then deter~iiines the plane of the amide 
group. With these points fixed, it is possible that two 
oxygen atouls in the trypsin nloleeulc rrlay bc so 
sitnated that both hydrogens 011 the nitrogen van be 
hydrogea-bonded, ( d )  and ( e ) ,  if the hydrogens are 
distorted fro111 the plane of thc nniidi~ group. Thc 
amide wonld then be in a nonplanar and, conserluel~tly. 
reactive confignration. 

I f  in place of one of the liytlrogcns on the 11itl.ogen 
of the ainide tliercl is a subdtituent, n d  t,llt>re ~ o u l d  
be in an acyl-L-arginylpcptide or acyl-L-1psgipcl)t itle, 
only one hydrogen is present on the nitrogrn and is 
available f o r  hydrogen-bonding. Tt ntight be expected 
that this would reduce the probability of the nmide 
being distorted irito a rlorlplannr configu~~ation. HOT?--
eret8, t l ~ e  n-carhon atorns, C' and C" (T'), of adj:~ccmt 

\ /
C-S 

/ \ 
C' H 

arrlillo acids in  the pepticles are ordinarily arranged 
tra?&swit11 respect to the carbon-r~itrogca bond o f  the 
arnide (4, 5,12). If this Iratzs-peptidc btructure, V, re-

6 The hypothesit; tloc'i not rrqnire t h a t  thc  i r~tcract ions  ( a )
and ( b )  be of a specific type. However, a t  lcixst two interac- 
tions, i l l u s t r a t ~ d  by ( < I )  and ( b ) , are  reqnired to  deterlninc 
the  positlon of the  anlide group, and to nccount for optical 
specificity. 

places the sirrlple n~niclc of Fig. 1,it is rc~:lsonal,l~. to  
expect that, as interactions between trypsin and the 
substrate bring an acyl-1,-arginylpeptide or acyl-L-
lysylpeptide close to the surfact? of the enzyme, steric 
hindrance wonld teritX to force tile a~nide  out of the 
[~ lanar  corllignration. This tendency, in conlbinat,ion 
witli the f o~nlat ion of one hydrogen bond, may be 
sufficierit to ~ c ~ s u l tin a nonplanar configuratioi~ of 
the a ~ r ~ i d e  group, as shown in Fig. 2. 

FIG.2. IIypotlletical interactions hetween trapsin nntl nli 
Lrcayl-L-arginyl~c~~iide :~c.>,l-1.-lysylpegiiile \Tit11 alnideo r  the 
group ~ror~plnnnr.. 

The hydrolysis of a c y l - ~ - a l g i ~ ~ i n e  ester5 arid acyl I,-
]>sine eiters nlight take place in an analogous fashion. 
The ester group, lllic the arnidc g o u p ,  is planarb be- 
cause of resonance ( 1, 2, 1;). S ~ n c e  ester5 also exist 
liotnlally (13) in a tttr~is-configuration, T'T, thc alkyl 

group of the ester n-odd be forced out of tho plane 
of the ester group wl~cn the substrate interacts mitli 
the enzgnle. Steric ir~liihition of ester rcsollarlce would 
result, and Ilydrolysis ~voultl bc facilitated. Thus, all 
enzyme surface such as  that pictured in Figs. I and 2 
niay sccount satisfactorily fo r  the spccificitp of 
trypsln. 

I t  is known that ureaqe is abiolutcly spec~fic fo r  the 
llgdrolybis of urea ( 1 I ) .  Irl urea, resonance 1s possihle 
with either or both of the amicle groups. Therefore, In 
order to lncreaic greatly the reactivity of urea, tlie 
l~gdrogens attached to both n~trogens would hare to  
he forced out oll the plane. This might hc accorn-
pliqhed, aq shovn in Fig. 3, by the forlnation of five 
ll\drogea honds. Slnce a11 four hydrogen5 and the 
o'iggen of urea would t a l e  part  in interactions with 
the enzyme, the ahqol~~te  spccific.ilg of urease niight 
be explaitled. 

This Ilypothcsii is, of r o u s e ,  a specialized fornl of 
tlie general theory of enzyme action proposcd by 
illicll~c,li\ and illellten ( 17 ) ,  and it ihonld not be in- 
ferred tliat the ~luthor  d~scounts the po i i~b le  signifi- 



FIG.3. Hypothetical urease surface showing interactions 
wi th  urea. Both amides a re  distorted in to  nonplanar con-
figurations. 

cance of other effects that might make the amide 
linkage more reactive, or of entirely different effects 
(16,  17). Steric inhibition of amide resonance is of 
special interest because i t  has been found in naturally 
occurring compounds, the penicillins, and i t  seems 
likely that it  can be studied in other models. A con-
sideration of the possible significance of a specific 
effect such as  this may be of value in the development 

of experimental approaches to  the important problem 
of enzyme action. 
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News and Notes 

Scientists in the News 

F .  K .  Bannister has been appointed to a new chair of 
thermodynamics in the Department of Mechanical 
Engineering, University of Birmingham. The chair has 
been created in connection with the organization of 
the new graduate school in thermodynamics, and Dr. 
Bannister will be in  charge of lhis school under G. F. 
Mucklow, head of the department. Professor Bannister 
was appointed lecturer in mechanical engineering in 
the University of Birmingham in 1941 and l-eader in 
thermodynamics in 1951. H e  has been closely associ- 
ated with the Air Squadron a t  the university since its 
formation in 1941. 

Christopher E. Barthel, Jr., has been elected chair- 
man of the board of directors of the National Elec- 
tronics Conference. Dr. Barthel succeeds Kipling 
Adams, of General Radio Company. The National 
Electronics Conference is a foruin on electronics re-
search, development, and application. 

Eric Bradshaw has succeeded John Hollingworth in  
the chair of electrical engineering in the Faculty of 
Technology in the University of Manchester. H e  has 
been special lecturer i n  high-voltage engineering a t  
the College ,of Technology since 1944. 

E. Lucy Braun, botanist and forestlands expert, has 
been awarded the Mary Soper Pope Medal granted 
periodically by Cranbrook Institute of Science, fo r  

January 9, 1953 

outstanding achievement in fields related t o  the study 
of plant life. Dr. Braun is professor emeritus of 
botany a t  the University of Cincinnati. 

Colin G. Clark, recently under-secretary of state for  
labor and industry and financial adviser to the 
Treasury, Queensland, has been appointed director of 
the Institute fo r  Research in Agricultural Economics 
a t  Oxford, to succeed A. W. Ashby, who is retiring 
under the age-limit provisions. 

Eduard Farber, chief chemist of Timber Engineer- 
ing Company, affiliate of National Lumber Manufac- 
turers Association, has been elected a fellow of the 
Royal Society of Arts, and a n  honorary member of 
the Mark Twain Society. 

Continental Can Corripany has announced the a p -  
pointment of Raymond G. Fisher as director of eco-
nomic research. His  responsibilities will include super- 
vision of the commercial research and sales analysis 
activities of the company. 

Among the recent recipients of rnedals and awards 
given by sections of the American Chemical Society 
are Reynold Clayton Fuson, University of Illinois, the 
1953 William H .  Nichols Medal, from the New York 
Section. "for studies on nucleouhilic substitutions and 
displacements of a n  unorthodox character, elucidation 
of abnormal organic reactions, discovery of stable ene- 
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