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Replacement of proline by azetid|ne-2-carboxylic 
acid durin 9 biosynthes|s of protein 

Previous studies on structural analogues of natural  amino acids which can be in- 
corporated into proteins during biosynthesis have not . . . .  ~!ed an cffccti;-c praline 
analogu ez. Two praline (I) homologues, L-pipecolic acid (II) and L-azetidine-2-carbo- 
xylic acid (III), occur natural ly;  several derivatives of these imino acids, including 
A4,5-dehydro-L-pipecolic acid (baikiain, IV) and 4-hydroxy-L-proline (V), are also 
natural  products 2,3. Tests have been made to ascer~ain whether any of these sub- 
stances can be incorporated into bacterial and higher-plant proteins. 
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The imino acids were tested for growth-inhibitory activity on cultures of 
Escherichia call growing exponentially in C medium containing 0. 4 % glucose 4. Only 
L-azetidine-2-carboxylic acid was growth-inhibitory; inhibition was observed im- 
mediately after the addition of this homologue to the culture medium at a final 
concentration of zoo tLg/ml (Fig. x). No inhibition was observed when DE-praline 
(final concn., IDa/~g/ml) was added to the culture at the same time as the azetidine- 
z-carboxylic acid. 

The kinetics of the growth inhibition shown in Fig. x are reminiscent of the effects 
on growth of other analogues known to be incorporated into proteins1, 5. Therefore 
crude protein was isolated from bacterial samples (about 5o mg dry wt.), harvested 
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Fig. I. Effect of azetidine-e-carboxylic acid on growth of E. call in CO medium. Additions (/~g/ml) : 
Cul ture  T, nil; Culture 2, n-azefidine-2-caxboxylic acid, ioo; Culture 3, L-azetidine-e-carboxylic 

acid,  zoo, 4- vL-vroline, zoo. A, point of sampling ,'or protein analyses. 
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from Culture 2 after 4-h incubation with azetidine-2-carboxylic acid, and from Cultures 
I and 3 after 2 h 25 rain (see Fig. I, point A). The bacterial samples were treated 
to yield the protein plus cell wall fractions s, and these were hydrolysed with 5 N 
Ba(OH)2 for 18 h at xoo °. (The more usual method for protein hydrolysis, using 
6 N HCI, was impracticable because azetidine-2-carboxylic acid is completely de- 
stroyed by treatment with strong mineral acidL) The presence of azetidine-2-carbo- 
xylic acid in b.ydrolysates was sought by" two-d;.mensional paper chromatography 
using 75 % (w/w) phenol in the presence of ammonia as the first solvent, followed 
by butan-x-ol-acetic ac id-water  (9o:Io:29,  v/v/v). Quantitative determinations of 
azetidine-2-carboxylic acid after separation on chromatograms were made with the 
ninhydrin reagent of YEMM AND COCKING, following the procedure described earlier9; 
proline assays were performed by a similar technique, but the acid-ninhydrin reagent 
(pH I) of CHINAI~D 10 was used to obtain higher spccificity and sensitivity. 

TABLE I 
REPLACEMENT OF PROLINE BY AZETIDINE-2"CARBOXYLIC ACID IN PROTEIN OF Escherichia voli 

Medium composition CG n~xl...m* Composition of protein fractlon + 
Culture Pro!ine replaced* 

No. L.a:et. idine. A :et id ine. (%) Proline conWnt DL~proli~w z-carboxylic acid (#g/mg protein) z.carboxylic acid content 
(uglml) (uglmO Otglmg protein) 

x Nil Nil 26.8 Nil Nil 
2 Nil xoo 18. 4 6.2 26. 5 
3 IOO xoo 28.0 Nil Nil 

* For details of calculation: see text. 

The results of these incorporation experiments are given in Table I. The proline 
content of the protein isolated from the culture supplied IOO tLg/ml azetidine-2-carbo- 
xylic acid alone was about 3 ° % lower than that  determined for the protein from 
the control cells; the reduced proline content (difference 8. 4/~g/mg) was compen- 
sated by the presence of a nearly equivalent amount of azetidine-z-carboxylic acid 
(6.2/~g/mg, equivalent to 7.~/~g/ml proline). Assuming that  the protein content of 
cells produced before and after the addition of azetidine-z-carboxylic acid was the 
same, then azetidine-z-carboxylic acid replaced neally 5 ° % of proline residues when 
protein was synthesised in the presence of the analogue. No azetidine-2-carboxylic 
acid was detected in the protein isolated from cells receiving proline together with 
analogue. 

Azetidine-2-carboxylic acid inhibits the growth of seedlings of mung bean 
( P h a s e o l u s  a u m u s ) .  The imino acid was supplied dissolved in water imbibed by  seeds 
during the first day of germination. "When increasing amounts of azetidine-2-carbo- 
xylic acid were supplied, inhibition was progressively more marked, and 2 mg[g 
dry  wt. of seeds generally proved to be a lethal concentration. Protein fractions were 
isolated from the radicles of seedlings after 3 days of g~owth; these fractions were 
free of cell-wall material, and had higher total nitrogen and proline contents than 
those determdned for the cruder bacterial preparations. Table I I  shows the proline 
and azetidine-2-carboxylic acid levels observed. The azetidine-2-carboxylic acid 
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c o n t e n t  of t he  newly syn thes i sed  p ro te in  molecules of the  radicles  was  ca lcula ted  

a s suming  t h a t  no tu rnove r  ot p ro te in  origqnally p re sen t  in the  embryon ic  radicles  
occurred.  At  the  higher  level of supply,  the  analogue rep laced  near ly  all t he  prol ine 
res idues  of new pro te in  molecules.  

TAIeLE II 

REPLACEbII~NT OF PROLINE BY AZETIDINE-2-CARBO:KYLIC ACID IN PRO'I'KINS OF 51UNG BEAN 

Compositicm of protein fraction Proline replaced (%) in Azetidine- 
2.eatboxylic acid Fresh wt. of radicles 

supplied (e) Prohn¢ Azetiditte- Total Nce;ly- 
(mg]5o seeds) * (llg]rng protein) 2.caTboxyli¢ acid radicle protein synthesized protei~ (pglmg protein) 

o 5.67 42.0 o o o 
i 1.13 38.0 5.o ( j . 7 )  ~* 14 zi 
3 °.3I 29.7 II.7 (13.3)** 3 i 95 

" 50 seeds equivalent to z.25 g dry wt, 
* "  Figures in parentheses are equivalent amounts of proline. 

R e p l a c e m e n t  of prol ine by  aze t id ine-z -carboxyl ic  acid  m a y  have  an effect on 

p ro te in  s t r u c t u r e  no t  no rma l ly  associa ted  wi th  the  incorpora t ion  of s t ruc tu ra l  

analogues .  Ne i the r  prol ine  nor  aze t id ine-z -carboxyl ic  acid  is a c c o m m o d a t e d  in t he  
n o r m a l  ",-helical s t r uc tu r e  of a po lypep t ide ,  and  the  presence  of such a res idue  causes  
t h e  axis  of t he  , , -helix to  b e n d  TM, 13. However ,  s te reochemica!  cons idera t ions  (see ref. 14 

for r e l evan t  s t ruc tures )  suggest  t h a t  an aze t id ine-z -carboxyl ic  acid res idue will t u rn  

the  hel ix  t h r o u g h  an angle abou t  15 ° smal ler  t h a n  proline.  This  could lead to  a l te red  

t e r t i a r y  s t ruc tu re .  
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