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SUMMARY 

I An enzyme which catalyses the L-a,7-dlammobutyrate-dependent exchange 
of ATP with PPI was partially purified from sonic extracts of the polymyxm B- 
producing organism, Bacillus polymyxa 2459- This enzyme could be separated from 
most other amino acid-activating enzymes and exhibited an apparent Km for L-a,7- 
dlammobutyrate of 0.6 raM. 

2 Treatment of somc extracts with streptomycin sulfate led to an alterahon 
m the properties of the activating enzyme This appeared to be due to the conversion 
of the enzyme from polydlsperse aggregates of average molecular weight 300 ooo to 
umts of ioo ooo molecular weight 

3 In lysed protoplast preparations, the L-a,v-dlamlnobutyrate-actlvatmg 
enzyme was predominantly associated with the particulate fraction, m contrast with 
other amino acid-activating enzymes The Km for L-a,7-dlammobutyrate of the 
particulate preparation was the same as that of the soluble enzyme 

4 The specific activity of the L-a,7-dlammobutyrate-actlvatmg enzyme rose 
about Io-fold during vegetative growth, beginning at the time of the first appearance 
of polymyxm in the growth medmm 

5 Mutants of B polymyxa that had lost the ability to produce polymyxm also 
lacked the L-a,7-chammobutyrate-actlvatmg enzyme On the other hand, other poly- 
myxln-producmg orgamsms, such as B polymyxa ATCC 10401 and B c,rculans 
ATCC 14040, were found to have significant levels of this enzyme These observations 
suggest that  the L-a,7-dlammobutyrate-actlvatmg enzyme plays a role in the bio- 
synthesis of polymyxln 
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INTRODUCTION 

Although ample evidence has accumulated, both from experiments an vavo I-5 

and an vitro 6-13 that  the biosynthesis of polypeptlde antibiotics proceeds by a mecha- 
nism which differs from that  of protein synthesis, little anformatlon is yet available 
on the nature of the reactions involved However, attention has been drawn to the 
activation of amino acids by the finding that  the biosynthesis of tyrocldmes by  
Bacillus brevas as mediated by  two enzyme fractions (presumably multlenzyme 
complexes) that  also catalyse an exchange of PPI with ATP in the presence of the 
constituent amino acids6,1°, I4 

In this report, we describe some studaes relating to the biosynthesis of the 
antabaotlc polymyxan B by  Bacillus polymyxa This branched cyclic decapeptlde is 
termanated by a fa t ty  acid and contains six residues of L-a,~,-daammobutyrate (Fig I) 
Previous reports by  CIFERRI el al 15 and from this laboratory 16 have described the 
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Fig I St ructures  of  some po lymyxms  MOA, (+ ) -6 -me thy loc tanoa te ,  DBA, a,~,-dlammo 
bu ty ra t e  

presence of an enzyme in extracts of B polymyxa that  catalyzes an L-ad,-dlammo- 
butyrate-dependent exchange of PP1 with ATP Some of the properties of this 
enzyme will be described, and evidence wall be presented which implicates the L-a4,- 
dlammobutyrate-actlvatang enzyme in the biosynthesis of polymyxan 

MATERIALS AND METHODS 

Chemicals 
L-a,7-Dlamanobutyrate was prepared by  the Schmldt degradation of L-gluta- 

mate as described previously 3 The product was recrystalhzed 6 tames as the mono- 
hydrochlorlde from aqueous ethanol All other amino acids were A-grade materials 
from Calbiochem [3zP]PPx was purchased as the sodium salt from New England 
Nuclear or Tracerlab (NH4)2SO 4 (enzyme grade) and streptomycin sulfate were 
obtained from Mann, lysozyme (egg white) from Armour, pancreatic deoxynbonu- 
clease from Worthington, and alcohol dehydrogenase (yeast) from Calbiochem 

Bacterml strains 
The polymyxm B-producang organism B polyrnyxa, strain Pfizer 2459, was 

obtained through the courtesy of Dr I A Solomons and was used m earher portions 
of this work Subsequently, a well-sporulatmng derivative of this straan, designated 
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B polymyxa 2459 s, was Isolated which had relatively higher levels of the L-a,y- 
dlamxnobutyrate-actlvatlng enzyme This strain was maintained at --15 ° as a sus- 
pension of heat-treated spores Polymyxln-negatyve mutants were Isolated from B. 
polymyxa 2459 s after treatment with ethane methane sulfonate, ultraviolet light or 
acridine orange by scoring for absence of antibiotic production both on solid medium 
and m liquid culture B polymyxa ATCC 10401 (polymyxm D producing) and B 
c,rculans ATCC 14040 (clrcuhn producing) were obtained as lyophyhzed cultures 
from the American Type Culture Collection 

Growth of organisms 
B polymyxa 2459 was cultured at 37 ° an the synthetic medium described 

previously 3, supplemented with 4 2% (NH4)2SO 4 B polymyxa 10401 was grown at 
3 °0 in the same medium at low (I 5%) (NH4)~SO4 concentration. B e,rculans 14040 
was cultured at 25 ° In the medium of MURRAY et al 17, containing (per 1) KC1 (4 g), 
KH2PO a (o 2 g), yeast extract (20 g), (NH4)2SO 4 (5 g), CaCOa (8 g, enclosed in dialysis 
tubing) and sucrose (2 g; added separately after sterilization) All cultures were 
grown on a rotary shaker an erlenmeyer flasks filled with one-fifth of their volume 
of medium 

Antibiotic assay 
Polymyxm was assayed by the turbldlmetrIc method of WINTERMERE et al is 

in samples of the growth medium from which the cells had been removed by centrl- 
fugation I unit of polymyxln was defined as the antibiotic activity of o I / , g  of 
polymyxan B.  HC1 

Assay of amino ac~d-act,vat~ng enzymes 
Amino acid-activating enzymes were assayed by measuring the amino acid- 

dependent exchange of [32p]pp~ with ATP (ref 19) The reaction mixtures contained 
in a final volume of o 5 ml the following (unless otherwise stated) io mM potassium 
phosphate buffer (pH 7 5), 2 mM [32PIPP,, 2 mM ATP, 5 mM MgCI,, I mM amino 
acid and enzyme The incubations were carried out for 3o mm at 37 ° (unless otherwise 
stated) and were terminated by the addition of I ml of I M HCIO 4 and I ml of an 
aqueous suspension of Norit A charcoal (IO mg/ml) After 2 h at o °, the charcoal was 
collected on Mllhpore filters and was washed with 5 × IO ml of water The filters 
were transferred to glass vials, dried at IOO ° and counted in a liquid scintillation 
spectrometer using IO ml of toluene containing 2,5-dlphenyloxazole (4 g/l) and 1, 4- 
bas-2'-(5'-phenyloxazolyl)benzene (o I g/l) I unit of activity is defined as the amount 
of enzyme catalyzing the incorporation of I #mole of I32P]PP1 into ATP under the 
conditions of the assay 

Partml pur,fieat, on of the enzyme from son, c extracts 
Washed cells (14 g) of B polymyxa 2459, harvested in late exponential phase, 

were suspended in 4 ° m l  of 5 mM potassium phosphate buffer (pH 7 5) and somcated 
In io-ml portions for IO mIn each with an MSE Model 6o ultrasonic disintegrator 
The extract was centrifuged at ioo ooo × g for 9 ° mm, and the supernatant solution 
(crude extract) was diluted to IOO ml with 5 mM potassium phosphate buffer (pH 7 5)- 

Procedure A Solid (NH4)2SO a (12 5 g) was added to the crude extract (5o ml) 
The precipitate was collected by centrafugatlon at 25 ooo × g for 3o man and re- 
suspended in 5 ml of potassium phosphate buffer (pH 7 5) 

Procedure B A solution of streptomycin sulfate (9oo mg) an 5 mM potassium 
phosphate buffer (pH 7 5) was added dropwise with stirring to the crude extract 
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TABLE I 

P U R I F I C A T I O N  O F  E N Z Y M E  F R O M  S O N I C  E X T R A C T S  O F  B polymyxa 2 4 5 9  

Fraction Prote, n Act,vat, on of 
L-a, 7-Dmmzno- 
butyrate 

Total Specific 
umts actzwty 

(umts/ 
rag) 

L-Met L-Leu 
(total (total 
umts) units) 

Procedure A 
Crude extract  950 37 o 039 403 122o 
(NH4)2SOa 465 39 o 084 63 159 

Procedure B 
Crude extract  95 ° 37 o 039 403 122o 
Streptomycin  360 25 o o70 404 960 
(NH4)2SO 4 lO8 15 o 14 250 605 

(50 ml) The stirring was continued for 12 h and the precipitate was removed by 
centrifugation at 25 ooo × g for 30 rain The supernatant solution (50 ml) was 
treated with solid (NH4)zSO a (14 g), the precipitate was discarded, and the resultmg 
supernatant solution was then treated with 2 5 g of (NH4)2SO a The precipitate was 
collected by centrlfugatlon at 25 ooo × g for 30 rain and redissolved in 5 ml of 
potassium phosphate buffer (pH 7 5)- 

The results of these procedures are summarized in Table I 
Preparat,on of crude particulate fraction 
Washed cells (I g) of B polymyxa 2459 s, harvested in middle exponential 

phase, were suspended in 50 ml of Buffer A (IO mM Trls buffer (pH 7 5), IO mM KC1, 
2 mM EDTA and 2 mM 2-mercaptoethanol) and treated with lysozyme (25 rag) at 
25 ° for 20 rain The lysate was centrifuged at 30 ooo × g for 20 mln to yield a soluble 
fraction and a particulate fraction which was resuspended in half the original volume 
of Buffer A 

Prote~n determination 
Protein was estimated spectrophotometrlcally 2° or by the bluret method of 

GORNALL et al. 21 

RESULTS 

Purzficatzon of enzyme from son,c extracts 
Fractionatlon of crude sonic extracts with (NH4)2SO a effected a partial sepa- 

ration of the L-a,~-dlaminobutyrate-actlvating enzyme from other amino acid- 
activating enzymes (Table I and Fig 2A) Further purification could be achieved by 
gel filtration The L-a,y-diamxnobutyrate-actlvating enzyme emerged from columns 
of Sephadex G-200 before the L-methlonine-actlvating enzyme, which in turn 
preceeded most of the other amino acid-activating activities (Fig 3A) Procedure B 
provided preparations of higher specific activaty than did Procedure A (Table I) 
However, prior streptomycin treatment led to an increase in the amount of (NH4)2SO a 
required to precipitate the enzyme and thus interfered with the separation from the 
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C o l u m n  v o l u m e s  

Fig 2 Precipi tat ion of L-a ,7 -d lamlnobutyra te -achvatmg  e n z y m e  with  (NH4),SO ~ E n z y m e  frac- 
t ions  were  treated wi th  success ive  amounts  of  (NH,)2SO , as indicated,  and the  L-a,7-dlammo- 
butyra te -ac t lva tmg  ac t iv i ty  (sohd symbols)  and the  L-leucme-act lvat lng ac t iv i ty  (open symbols)  
were  assayed  m each of the  precipi tated fractions The  different sets of  symbo l s  refer to separate  
exper iments  A Crude extract  (Procedure A) 13 Streptomyc in  supernatant  fraction (Pro- 
cedure B) 

Fig 3 Gel filtration on Sephadex  G-2oo A The (NH4)2SO 4 fraction prepared by  Procedure A 
was  chromatographed on a co lumn (7 5 cm x 25 cm) of Sephadex  G-2oo m 5 mM potas smm 
phosphate  buffer (pH 7 5) Fract ions  of 9 ml  were  col lected and the  exchange  of [32P]PPI with 
A T P  dependent  on L-a ,7 -d lammobutyrate  (L-DBA) ( • ), on L-methxomne ( - - - - - - ) ,  and on 
L-leucme ( ) was  determined B The  (NH4)2SO 4 fraction prepared b y  Procedure B was  
chromatographed on a co lumn (5 cm X 60 cm) of Sephadex  G-2oo as above  

L-leuclne-actlvatmg enzyme (Fig 2B) Moreover, the L-a,7-dlammobutyrate-actlvat- 
mg enzyme in such preparations emerged from columns of Sephadex G-2oo together 
with the L-leucine-activating activity (Fig 3B) The altered behavior of the enzyme 
after treatment with streptomycin sulfate appeared to be related to a reduction m 
molecular weight, as shown by sucrose gradient centrifugahon While the untreated 
enzyme was polydlsperse with an average molecular weight of  about 300 ooo, the 
streptomycin-treated enzyme gave a sharp peak, coincident with the L-leucine- 
activating enzyme, at a position corresponding to a molecular weight of  about 
IOO ooo (Fig. 4) 

Properties of the soluble enzyme from somc extracts 
The streptomycin-treated preparations were relatively unstable, as ind]cated 

by low recoveries of  activity upon (NH4)~SO 4 ffactxonatlon and gel filtration on 
Sephadex G-2oo. On the other hand, the activating enzyme prepared by Procedure A 
was stable under these conditions and could be stored in 40% ethylene glycol at - -  15 ° 
for a year without loss of  activity After repeated gel filtration, such preparations 
were relatively specific for the activation of  L-a,7-diamlnobutyrate. The rates of  
exchange of  PPt with ATP, dependent on L-leuclne and on L-methlomne, were 
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Fig 4 Sucrose gradient centrlfugatlon of soluble enzyme Fractions containing L-a,7-dlamlno- 
butyrate-actlvatlng activity from the Sephadex G-2oo columns in Fag 3 were pooled and con- 
centrated by preclpitatlon w~th (NH4),SO a Samples (o z ml) of the concentrated fractions were 
layered onto 4 6 ml of linear gradients of sucrose (5-20% by wt ) m 5 mM potassium phosphate 
buffer (pH 7 5) and centrifuged at 39 ooo rev/rain in the Spmco SW-39 rotor for 12 h at 4 ° 
Fractions (o 2 ml) were collected from the bottom of the tubes and assayed for exchange of 
[3,p]ppx with ATP, dependent on L-a,},-dlammobutyrate (O---Q), on L-methlonme (@--  --- - -@) ,  
and on L-leucme (X X) Yeast alcohol dehydrogenase (ADH, molecular weight 15 ° ooo) 
was used as a molecular weight marker A Fractions from Fig 3 A, containing i o, o 34, and 
o 09 units respectively, of L-a,~-dmmmobutyrate-, L-methlomne-, and L-leucme-actlvatmg en- 
zyme B Fractions from Fig 3]3, containing i o, 8 5, 33 umt% respectively, of L-a&,-dmmmo- 
butyrate-, L-methlonme, and L-leucme-actlvatmg enzyme 

Fig 5 Effect of L-a,~,-dmmmobutyrate (L-DBA) concentration on the activating enzyme A 
Soluble enzyme (o 23 rag), prepared from B polymyxa 2459 by Procedure A and purified further 
by gel filtration on Sephadex G-2oo B Particle-bound enzyme from B polymy~a 2459s , washed 
twice with Buffer A as described in Table III,  and assayed at 25 ° 

r e d u c e d  to  15 and  3 5 % ,  r e spec t ive ly ,  of  t he  L - a , y - d l a m l n o b u t y r a t e - d e p e n d e n t  ex-  
change ,  whi le  t he  r a t e  of  e x c h a n g e  due  to  L- lysme was  on ly  1 %  and  t h a t  due  to  

o the r  bas ic  a l n m o  a o d s  (L-hlst ldlne,  t - a r g l n m e ,  and  L-or lnthlne)  and  to  D-a,y-dl- 

a l n l n o b u t y r a t e  cou ld  no t  be d e t e c t e d  T h e  speci f ic i ty  of  t h e  a c t i v a t i n g  e n z y m e  for 
L - a , 7 - d l a m l n o b u t y r a t e  was  also s u p p o r t e d  b y  t h e  low a p p a r e n t  Km (o 6 InM) for th is  
a m i n o  ac id  (Fig  5A) 

Subcellular d, str~but~on of the enzyme 
U p o n  c e n t n f u g a t l o n  o f  e x t r a c t s  of  B polymyxa at  2o 000 X g, a s l igh t ly  la rger  

p r o p o r t i o n  o f  t he  L - a , y - d l a m m o b u t y r a t e - a c t l v a t l n g  e n z y m e  was s ed l l nen t ed  t h a n  of  
t h e  L-leuclne-  and  L - m e t h l o n m e - a c t w a t l o n  ac t iv l tms ,  regardless  of  w h e t h e r  t he  
e x t r a c t s  were  p r e p a r e d  b y  sonica t lon ,  H u g h e s '  press  t r e a t m e n t ,  or  g r i nd ing  w i t h  

a l u m l n a  (Table  I I )  Moreove r ,  when  e x t r a c t s  were  p r o d u c e d  b y  a v e r y  n n l d  t r e a t m e n t ,  
such  as os lnot lc  lysls  o f  p ro top l a s t s  p r o d u c e d  b y  ly sozyme ,  a s u b s t a n t i a l  f r ac t ion  

(60%) of  t he  L - a , v - d l a l n l n o b u t y r a t e - a c t w a t l n g  e n z y m e  s e d n n e n t e d  a t  20 000 × g 
whi le  m o s t  o f  t he  L - l euc lne -ac t l va t l ng  a c t i v i t y  r e l n a m e d  soluble  Success ive  washes  

a n d  t r e a t m e n t  w i t h  d e o x y r l b o n u c l e a s e  of  t h e  p a r t i c u l a t e  f r ac t ion  o b t a l n e d  b y  t h e  
use  of  l y sozy lne  led to  t h e  p rogress ive  r e m o v a l  o f  o t h e r  a m l n o  a c i d - a c t i v a t i n g  e n z y m e s  
(except  t h a t  for L- threonlne)  a n d  t h u s  to  a r e l a t i ve  en r l ch lnen t  in t h e  L-a ,7-dla lnlno-  
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T A B L E  I I  

S U B C E L L U L A R  D I S T R I B U T I O N  OF A C T I V A T I N G  E N Z Y M E S  I N  B polymyxa z459S 

Somcatlon Sonic extracts,  prepared as described in MATERIALS AND METHODS, were centrifuged 
at  20 ooo x g for 3 ° rain to yield a soluble and part iculate fraction Hughes '  press Cells (2 g) 
were crushed m a Hughes '  press at  - -7 o°, suspended m IO ml of o 05 M po t a s smm phospha te  
buffer (pH 7 5) and centrifuged as above Alumina grinding Cells (2 g) were ground m a mor ta r  
at 4 ° wath 4 g of levigated alumina, suspended m IO ml of o o 5 M potass ium phosphate  buffer 
(pH 7 5), centrifuged at  2ooo × g to ehmmate  most  of the alumina, and then centrifuged as above 
Lysozyme lyres Cells (i g) were t reated wi th  lysozyme as described in MATERIALS AND METHODS 
and then centrifuged as above Enzyme assays were carried out  at 37 ° for 15 mm, except for the 
lysozyme lysate which was assayed at 25 ° for 30 mln 

Method of d*sruptwn ( m p ) p p ,  exchange wzth A T P  (t~moles/g of cells) 

Partwulate fract*on dependent on Soluble fraction dependent on 

L-a,~- L-Leu L-Met L-a,~,'- L-Leu L-Met 
D~amzno- Dmm,no- 
butyrate butyrate 

Somcatlon 22 34 I o 131 400 266 
Hughes '  press 33 16 4 zo8 460 236 
Alumina grinding 37 14 8 128 38z 243 
Lysozyme lysls 82 27 - -  56 240 - -  

b u t y r a t e - a c t l v a t m g  a c t i v i t y  ( T a b l e  I I I )  U p o n  l s o p y c n l c  c e n t r l f u g a t l o n  in  a s u c r o s e  

g r a d i e n t ,  t h i s  a c t i v i t y  f o r m e d  a s o m e w h a t  d i s p e r s e  b a n d  a t  a d e n s i t y  o f  I 2 o - 1  28 

g / m l ,  w h i c h  w a s  d e v o i d  o f  all  o t h e r  a m m o  a c i d - a c t i v a t i n g  e n z y m e s  e x c e p t  t h a t  fo r  

L - t h r e o n m e  ( F i g  6) 

Propertzes o f  the partwle-bound act ,vat ,ng enzyme 

T h e  a p p a r e n t  K m  f o r  L - a , ~ - d l a m m o b u t y r a t e  o f  t h e  p a r t i c l e - b o u n d  e n z y m e  

p r e p a r a t i o n  w a s  o 7 m M  ( F i g  5B)  a n d  t h u s  n o t  s i g n i f i c a n t l y  d i f f e r e n t  f r o m  t h a t  o f  

t h e  s o l u b l e  e n z y m e  O n  t h e  o t h e r  h a n d ,  t h e  p a r t i c l e - b o u n d  e n z y m e  w a s  d i s t i n g u i s h e d  

b y  i t s  l a b i l i t y  a t  e l e v a t e d  t e m p e r a t u r e s ,  i t s  h a l f - h f e  a t  37 ° b e i n g  a b o u t  5 m l n  (F ig  7), 

T A B L E  I I I  

P U R I F I C A T I O N  OF P A R T I C U L A T E  E N Z Y M E  F R O M  B polymyxa 2459s 

Lysozyme lysas was carried out  as described in MATERIALS AND METHODS to yield a soluble frac- 
tion and a crude par t iculate  fraction (P-l) The lat ter  was washed twice wi th  half  the original 
volume of Buffer A to yield Fract ion P-2 This was suspended in half  the original volume of  
Buffer B (io mM Trls buffer (pH 7 5), io  mM KC1, 2 mM MgCI~, and 2 mM 2-mercaptoethanol)  
and t reated wi th  I mg of pancreatic deoxynbonuclease  for IO m m  at  25 ° The sample was then 
centrifuged a t  3 ° ooo x g for 20 mln and washed once with Buffer B to yield part iculate Fract ion 
P-3 Amino acid-act ivat ing activities were measured wi th  2 mM amino acid at  25 ° for 3 ° rain 

Fractwn A cttvat*on of (umts/g of cells) 

L-a,~- L-Leu L-Thr L-Phe L-Lys L-Met 
Dmmzno- 
butyrate 

Soluble 48 186 14 3 5 3 8 5 7 
P- I  53 39 13 2 6 5 o 20 
P-2 49 12 8 o 2 8 I 7 8 I 
P-3 ~2 19  53  I I  0 6  16  

Btoch,rn Btophys Acta, 185 (I969) 447-457 



454 K JAYARAMAN et al. 

O14 

O~O 

0 0 6  

>e 002 

o ~ ' t . . ~ -  
3 5 7 9 11 "~3 15 17 19Top 

Froctlon NO 

Fig 6 Isopycnlc sucrose gradient  centrWugatlon of part icle-bound activating enzyme A par-  
tlculate preparat ion,  corresponding to Fract ion P-3 in Table IU, was fur ther  purified to eliminate 
any  possible contaminat ion by  unbroken cells, as follows A sample (i ml) was layered onto 
4 ml of 60 % sucrose in Buffer B and centrifuged at  39 ooo r e v / m m  m a Spmco SW-39 rotor  for 
i h The material  remalmng at  the top of the tube was diluted with io vol of Buffer B and 
centrifuged at  4 ° ooo × g for 3 ° mln The part iculate  materials  was resuspended in Buffer B, 
and a sample (o 2 ml) containing I 74, o 56, and o 05 units  of act ivating activity for L-a,7-dla- 
mmo-butyra te ,  L-threonlne, and L-leuclne, respectively was layered onto 4 8 ml of a linear gra- 
dient of sucrose (2o-60% by wt  ) in Buffer B After centrlfugatlon for 48 h at  39 ooo r e v / m l n  in 
a Splnco SW-39 rotor  at 4 °, fractions (o 25 ml) were collected from the bo t tom of the tube  These 
were assayed at  25 ° for exchange of [a~P]PPl with ATP m the presence of 5 mM L-a,7-dtamlno- 
bu tyra te  ( ) or with 5 mM L-threonme ( . . . .  ) 

whereas the soluble enzyme,  when assayed at 37 °, exhibited hnear kinetics  over a 
permd of 45 mmn This mstab lh ty  necess i tated that the particle-bound e n z y m e  
preparatmn be assayed at 25 ° where the rate of inact ivat ion was markedly  lower 
The particle-bound e n z y m e  lost no act iv i ty  when stored for a week  at 4 ° 
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Fig 7 Stablh ty  of the part icle-bound activating enzyme A washed particulate preparat ion from 
B polymyxa z459s was suspended in a buffer containing io mM each of Trls buffer (pH 7 5), 
KC1, MgC12, and 2-mercaptoethano] and was incubated at  the tempera tures  indicated Samples 
were removed at  various t imes and assayed for the act ivation of L-a,7-dlammobutyrate at 25 ° 

Fig 8 Relation of amino acid activation to polymyxln  production Cultures of B polymyxa 
2459s were harvested at  various densities and lysed with lysozyme as described in MATERIALS AND 
~IETHODS The activation of L-leuclne (O - -  - - © )  in the soluble fraction and tha t  of L-a,7-dla- 
m m o b u t y r a t e  (L-DBA) (O- -O)  in the washed part iculate fraction was assayed at 25 ° wi th  5 mM 
amino acid Po lymyxm ( × - -  - -  - -  × ) was determined in the culture m e d m m  
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Rdatwn of L-a,7-dmm*nobutyrate actwahon to polymyxm product,on 
While the specific activity of the L-leuclne-activating enzyme increased less 

than 2-fold during vegetative growth, that  of the particle-bound L-a,7-dlamlnobuty- 
rate-activating enzyme rose Io-fold, beginning at the time of the first appearance of 
polymyxln in the growth medium (Fig 8) The soluble fraction of the L-a,7-diamlno- 
butyrate-act ivat lng enzyme increased in a similar fashion except that  a slight 
decrease was observed towards the end of exponential growth 

Absence of the enzyme from polymyxm-negatwe stra,ns 
A particulate and soluble fraction was prepared by  the use of lysozyme from 

B. polymyxa 63, an asporogenlc and polymyxln-negatlve mutant  derived from B 
polymyxa 2459 s The levels and subcellular distribution of the various activating 
enzymes resembled that  of the parent strain, except that  no activation of L-a,7-dl- 
amlnobutyrate  could be observed The L-a,7-dlamlnobutyrate-actlvatlng enzyme 
was also absent from sonic extracts of this strain and of four other polymyxln- 
negative and asporogenlc strains derived from B polymyxa 2459 s 

Act,vat, on of L-a,y-dmmmobutyrate ,n other polymyx, n-producmg orgamsms 
The presence of the L-a,7-diammobutyrate-actlvatlng enzyme was also investi- 

gated in B polymyxa ATCC 10401 and B c,rculans ATCC 14040, producers of poly- 

T A B L E  I V  

L-a,~-DIAMINOBUTYRATE ACTIVATION BY B polymyxa 10401  AND B c,rculans 1 4 0 4 0  

E x t r a c t s  w e r e  p r e p a r e d  in  B u f f e r  B a s  d e s c r i b e d  i n  T a b l e  II, a n d  c e n t r i f u g e d  a t  3 ° o o o  × g f o r  
2o  r a i n  T h e  s u p e r n a t a n t  s o l u t i o n  w a s  a s s a y e d  b y  t h e  s t a n d a r d  p r o c e d u r e  

Orgamsm Method of extractwn Act,vat,on of 
(umts]mg of protezn) 

L-a, ~.'- L-Leu 
Dmmzno- 
butyrate 

B polymyxa 10401 H ughe s '  press  o 16 I 2 
B c*rculans 14040 A l u m i n a  g r ind ing  o 35 3 I 
B c,rculans 14040 Sonlcatxon < o  o i  3 i 

myxln D and circulln, respectively Table IV shows that  these strains exhibited 
L-a,y-dlamlnobutyrate-actlvatmg activity but  that  the method of disruption of the 
cells was critical In general, sonicatlon resulted in negligible activity, while methods 
that  generate less heat yielded activities comparable to those observed in B polymyxa 
2459 s This probably reflects the labile nature of the enzyme in these strains, since 
the act ivi ty in extracts of B polymyxa 10401 was almost completely lost upon 
storage at 4 ° overnight or upon storage a week in 40% ethylene glycol at - -15 ° 
Like with B polymyxa 2459, these methods of disruption resulted in the solublhzatlon 
of most of the L-a,y-dxamlnobutyrate-actlvatlng activity Unfortunately, protoplast  
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formation with lysozyme was not successful with these organisms, and the subcellular 
distribution of the activating enzyme could therefore not be studied 

D I S C U S S I O N  

The specificity of the activating enzyme for L-a,y-dlamlnobutyrate is indicated 
by the relatively low apparent Km for this amino acid (o 6 raM) and by the fact that  
preparations which are considerably enriched for the activation of L-a,y-dlamlno- 
butyrate  relative to that  of other amino acids can be obtained by simple purification 
steps Moreover, the particle-bound L-a,y-dlammobutyrate-actlvating enzyme can be 
separated from all other amino acid-activating activities (except that  for L-threonlne) 
by mere washing of the particulate fraction That  the L-a,wdlamlnobutyrate-actlvat- 
lng activity is distinct from the particle-bound L-threonlne-actlvatlng enzyme IS 
suggested by  the fact that  extracts of B polymyxa 63 lack the former but have 
normal levels of the latter 

The activating enzyme in sonic extracts of B polymyxa 2459 appears to exist 
as aggregates of relatively high molecular weight which can be dissociated Into 
subunlts of molecular weight IOO ooo by  treatment  with s t reptomycm sulfate This 
IS reminiscent of the behaviour of membrane proteins which, when solublhzed, 
frequently tend to form high molecular weight aggregates (e g ref 24) Indeed, when 
lysed protoplasts of B polymyxa were examined, a large fractlon of the L-a,y-dl- 
aminobutyrate-actlvatlng enzyme was found to be associated with the particulate 
fraction, presumably the cytoplasmic membrane This association seemed to be quite 
specific, since no other amino acid-activating enzyme (except that  for L-threonlne) 
was observed to be particle bound Unlike the solublllzed enzyme, the particle bound 
L-a,y-dlamlnobutyrate-activatlng enzyme was found to be quite unstable at temper- 
atures above 25 ° This difference in stability of the soluble and particulate enzyme 
appears to be an example of allotypy 26 Another example of such behavior IS the 
adenosine trmphosphatase activity of coupling factor F1, which becomes subject to 
reactivation by cold upon solublhzatlon from the mltochondrial membrane 27 

Several observations suggest that  the enzyme which activates L-a,y-diamino- 
butyrate  may  play a role in the biosynthesis of polymyxm (a) The specific activity 
of the enzyme Increased markedly during vegetative growth, begmnmg lust prior to 
the first appearance of polymyxin B in the growth medium An analogous observation 
has been made by  OTANI et al 22 with the ornithine-activatmg enzyme from B brevzs, 
which is first detected when gramlcldin S formation begins (b) The activation of 
L-a,y-dlamlnobutyrate could not be observed in mutants  that  have lost the ability 
to form polymyxln (c) Organisms which produce the related antibiotics polymyxln D 
and clrcuhn are also able to activate L-a,y-dlamlnobutyrate The failure of DIGIRO- 
LAMO and co-workerslS, 2a to detect the activation of L-a,y-dlammobutyrate In extracts 
of B polymyxa 10401 and B c,rculans 14040 is probably due to the lnstablhty of the 
enzyme in these organisms Our results confirm that  little activity can be expected 
under the conditions used by  these workers, which involved disruption by sonlcation 
or shaking with glass beads and 24-h dialysis prior to assay 

The nature of the reaction catalyzed by the L-a,y-dlammnobutyrate-actlvatlng 
enzyme is still obscure Since the amino acid is required for the exchange of PP1 
with ATP, it is likely that  an L-a,y-dmmlnobutyryl adenylate is the mltlal product 
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of the react:on Such a compound would be expected to be very unstable on account 
of its tendency to cyclyze to 3-amlnopyrrohdone-2 (e g ref 25). The adenylate must 
either be stablhzed by  the enzyme or react immediately with an acceptor. A transfer 
of L-a,~-dlammobutyrate by  the activating enzyme to another compound, such as 
transfer RNA, a peptlde, or an amino acid, has, however, not yet been detected 
(K  JAYARAMAN AND H PAULUS, unpublished observations) I t  is thus not possible 
to define the role of the L-a,~,-dlamlnobutyrate-actlvatlng enzyme in polymyxm 
biosynthesis, especially since a cell-free system capable of mediating the biosynthesis 
of this antibiotic has not yet been developed A similar failure to detect an inter- 
mediate exists in tyrocldme biosynthesis, where one of the enzyme fractions catalyzes 
the exchange of PP: with ATP in the presence of the amino acids that  constitute 
tyrocldmeS,1°,14, 22 but mediates neither a formation of ammoacyl  RNA (refs I0 and 
22) nor an amino acid-dependent exchange of AMP with ATP :°. 
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