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1, Introduction

~ In contrast to the biosynthesis of proteins by ribo-
somes, cyvclic polypeptides gramicidin § and tyrocidin
are synthesized by enzymes. Lipmann 717 has re-
viewed the work done on this aspect. A mechanism
for the synthesis has been postnlaied by Kleinkant et
al, 12] , which involves continuons transpeptidation
and transthiolation. Laland et 21. ;3] have indicated
that the model of enzyme 1 of gr: micidin S synthe-
tase would possess 18 or 19 catalyiic functions. An-
other of the polypeptide antibiotics, for which evi-
dence has been obtained to show its aoniibosomal -
biosynthesis, is Basitracin A [4, 5] . Bacitracin A, ob-
tained from B, ficheniformis, has a unigue structure
(fig. 1), in that it comprises of a eyclic chain, a
‘straight chain, 4 D-amino acids and a thiazoline ring
formed between isolencine and cysteine [6]. Thus en-
zymes synthesizing such 2 complex structure may con-
“tain many imore active sites % th mors ra-ded fme.
“tions than those of gramicidin 8 or tyrocidin. With
. this in view, therefore, in the present study non-ribo-
 somal synthesis of bacitracin A has been confizmed

- and the enzyme, fractions aymhe Elﬂg it have bean @b—
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Fiz. 1. BacHracin A.
2. Materials and methods

2.1. Analytical meﬂmds .
- Amnetytical methods used were those of | Lco'wry etal.
[7] for protein, of Schneider }8] for DNA and RNA

‘and of Monro and Fleck 9] for total lipids. The anti-
~ biptic aciivity was determined by measuring nhibi-

tion Zomes against J Micrococeus flavus as described by
Hoff et al, {10] wvsing bgcﬁmﬂm {Serva Fembmme:mm,

L Gezmany) as A si‘anﬂarﬂ

' 2.2, Gmwf}z af bz;rmﬂus ami prenm’armn w" a:eﬂs

Bacillus Hicheniformis (ATCC 10716) was grown in

" the medium of Cornell and Sricke [11], but con:
lained 9 g/f of ] L-g'&utanm acid, The inoculum was pre-
: pamd by shkmg the mu:mmgamsm in 15 mi of medi- -
um at 37° for 48 hr and then Iransfﬁrrmg ittoalD%
. glass fermentor (New Brummck) ‘with stirrer at 100
. rpm ‘and airflow at 800 ml/yain i ‘m aldox stmmless

~ steel fermentor (Marublshl Lzb. Eqmpm&ni Co, '

: “Tokyo) with airflow of 20 R]mm ‘When the pH of ﬂm

e medium reached betwsésn 9.0 anid 9,15 {anhmahc R

':, .Summary ‘01 part of 1};15 ”wmk hﬁS heen puhhsheﬁ (Zbl
Ba]-:l I-'iyg I AbL A, 220{1972} f‘ Iho

P coniem 97 pgy’m]}, the cells were hawested The: cells R

'were then washed }wnce with-distilled water amd ihree |
m'nes wﬂh 0.01 M Sgremsen’s, snd:um phosphate '
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buffer, pB 7, s'ntséwa:d al 30° with thrée changes of

buffer after every 3‘0 i anﬁ stored in either a 0.3 M B

phosphate-salt medivm [33 or a bufifer A containing
10 mM MgCly; 0.25 mM EDTA 10 mM 2-mercapto: -
ﬂiham] in D {}25 M smdmm PhDSPhMP buffezr, pH ‘E’ S

2. 3. Preparation ﬂf 1353}511;‘:*117&;’111

 The bacillus was grown (37", 70 I} i 500 ml of
mediv m containing 8 mCi of {335]50:111;1113 suifate.
After centrifugation, the culture broth was adjusted
“to pH 7 with acetic acid and ly ophilised, Crizde

135 Slbacitracin from this was prepared by extraciing -

the aquecus solntion with an equal solume of water
satnrated n-butanol. Further purification was done by
chiomziogrsphy on a CM-cellulose columm {127,

after the removal of buiancl. The specific activity
{0.08 mCiimmole) and the antibiotic activity {5 cnits/
mg) were, however, low and the preperation contained
“large amount of saiis. :

2.4. Preparation of subcelluiar fractions

These were prepared with slight modification of
the procedure of Shimura et al: [5]. 20 g wet ceils of
B, licheniformis, suspended in 5 ml of phosphate-sals

medivm, were disrupied (15X 2 min) with a sonic 05

sillatoy (Branson Sonifier). A stream of moist nitro-
gen was disected a1 the hom during sonication. The re-
snltanit senicate was cenirifuged st 2000 g o ykld a
heavy precipitate and then at 10,000 g giving a light
precipitate ang the supernatant. The light nrecipitate
was purified by centrifuging {3 X 10,000g) in phos-
‘phate-salt medinm. This precipitate: was, hmsefmﬁ}
,a]]red 1D ’D@Dg pamﬂ}es

2. 5. A7P—32PP em'hmgf MESIrEIMENTS
The emino amuﬂ dependent exchange was measumd
am'smdmﬁ toSand 21al. 113] . The menbation mixture
of 1.4 1], final pH 7.3, contained 3.3 mM ATP: 5 m"M
MgClys 5 mM KF; 1.5 mM:dithiothreiol; 0.5 mM cys

* FEBS 'IE’JTERS

“ﬂa}r EIS‘T3 :

its raﬁemmn by selsc fron f‘mers ((D 45 wm, rlm 74

- wun, Car] Schleicher & Schull, Germany). The incuba-
tun mixture of 0.1 w1, pH /.3, coniained 6.6 mM
ATP; 10 mM cysteine; 3 mM each of vther 9 amino

acids {all Lform); .16 M Trs-HCl buifer and 30 uCi

[ protein hydml}%sa'te ! Amersham Buchler,
© Genmauy). 0.1 ml of enzyms schution in bufier A was

added in cold and n%‘ubaueﬁ{?ﬂ 10 min). Blahks |
were prepared as above, but were frozen immediateiy.

" Blarks and the mevubated mixtures were filtered

through seleciron filters in the cold, weshed with buff-
er A {2 % 1 ml) ané once with water {1 ml}. The filter
dises were dried at 50° for 20 min and counied in 5

ml of 5% diphenyloxazni-ﬁn toluene in 2 Beckman
seintiliation counter L8154, To check further, the in-
cubated mixture was chromatograpbed on TLC-plates
Silica gel Fag, (Merck, Germany) using n-butancl:ace-
tic acidwater (£:1:2, v/v) as the develope:. After the
development, the areas corresponding 1o bacitracing -
wete scraped off, exiracted with methanol {2 X Tmi)
and then with water (2 X 0.5 ml). The posled exiract
wes dried under vacuum and lyophilised with a small

“amnouni of water to remove any trace of methanol.

The residue was taken in waiex and the a=*ibictic ac-

tivity determined.

2.7. Sucrose density gradien: centrifugation -

The procedure of Martin and Ames {14} was fol-
iowed. 60 ¢l of enzyme sclution was carefuliy layerad
an 5 m) of buffer A Kaving a linear sucrose gradient

' -_fmm 5% to 20% and then centrifeged {204,000 gX 3

hr; 3°) in an Omega I ultracentrifuge {Christ,

Osterode, Germany). The marker enzymes used were

iyspzyme catalase and urease and assaycd acenrding:
0 Shugar [15], Bergmsym stal. [16] and Sumner -

"am?u Hand [17], respectively. Two drop fractions were

- pollected from the bottom of she tube by puncturing

. and each fraction was assayuad for ihe a«;iw,my by selee-
©. trom ﬁhe: reilenlmn ms& ' - . ,

teime; 1.2'mM- 132]“] sodium pymphmpha?te {1.37 mCJﬂ‘ S

~mmole) and 1.5 mM each,of other 9 baeitracin amino
- acids and D.2 ml of "nzym*e :soluha:m in | hnﬁ'e:r A and
“incubaled a3 37" for 10 min. Blanks ware prepa:rei mo-

";,ﬂm same :mmmer, but ff'mzem #.fiEI 2@ min. at o

2 r6 Assay far Ew:iﬁraf.ﬂ Wm}zem

. The synﬂmsm of ba-.,ltrmm WAS, measured 53) JHEDI”

: pm'amm nf raﬁmactwe aammo amds in bacﬂmmn anﬂ

3 Resmis &‘mﬂ ﬂ:smssmn

3 1 Bncmacm symhfm by mbce?]ui’m j’mtz‘mm

~Of the ﬁme fractions, only the 10, EUE 4 par"nsr.}as- .

[DNA ?ﬁ%, RNA 39%, proiein 25%; aamd total Bipids
. ]D%) synthemzed bacitracin as s’!mwn in iable 1 ThB K
' r's‘}nmems was :nm J’ E:C‘Iﬂﬁ by ﬁle binck&zrs of
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: , T-a'bze : : -
Eﬂvﬁntt ﬂ)f Yarm‘mo urf;agtms on the synﬂwsm @i‘ bac:tfawcm by 1!@, ’:9:; pmici:is.'
. Conditions - hac? Conditions o ba
B o {mgfml} . ing) ST {agiml).  (ng)
Whole system? ‘Whole system plus '
o ADP ‘ 3 S 35D
. ‘Whole system pins : _ : o s =
RNAase S 450 - AMP+ADP - S3gach.” - 30D
DNAase (] - 373 AMP . 5 . 3bD
Puromycin Dy 400 Substitotion of ' '
; —Fﬂnnm pheﬂylalamne Q.1 375 L-gluforn/phefasp
by their D-form _
Ly.mz,'me ' D 450 sigly or2ll - 3 b
: ’ © Whole sysiem minus ‘
Trypsin 0.6 350 o | | :
EDTA pa 475 ATP ‘ i)
- DOC 0.4 ‘ 300 ary cne of the

°®8]scdium sulfate 4.5 pli - 400P

amino acids 0—300

4 "Whole system centained 100 mg wet particles, §.1 M phosphate-sal: medivim, pil 7; 10 mM ATP; 0.16 mM MgS50,; 6 mM each
of 10 amine acids; vel. 1.5 mi. Incnbated at 3%7°, 30 min. Add 2 mi —old methar.of, centriluge and snpernatant vophilised and
wdrsseweaﬂ in 1 ml water. Aliquets were teken for TLLC and CM-pellulne L‘hmmamggmpily and then antibintic assay.

b [ S}Bamtm"cm coulhi not be fmu:mi either 'by fselev-n@n filter retentic.: tes1 011‘ TLC. Incubatmn wns fior 3 hr at 3?“

ribusomal pm'tein symhesis — RNAase, DNAgse, puro-
mysin or p-flucrophenylalanine cr by enzymes — lyso-

zyvme or irypsin. However, there was a drop in the syn-
thesis in presence of deoxycholate, perhaps due 1o 5

deterzent effect. As expacted, omission of ATP or any
one ©of ten amino acids did not produce bacitracin,
Substitution of L-amino acids by D-;gluummc, D-phen-
ylalanine, D-ornithing and/or D-aspariic also did not
synthesize bacitracin in appreciable amount. This in-
hibition by D-amino acids may be similar 3o that of
gramicidin S synthesis [18] . AMP also reduced the

rate, probably due toa sompetition between ATP and |
AMP and PP;. In the presence of [35S]sodium sulfate,

- : | P
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Flg 2 ATP requtremenﬂ {ﬂ hacﬁmm synﬂzeai,s by 'lﬂ DDG w7

w(x -e-xw‘x) Fm sdetmls see :esul&s ami ﬁxscu,,smn

there was 2 syathesis, but of unlabelled bacitragin.

Synthesis of iabelled bacitracin would have mdicated
a conversivm of snlfare to eysteine followed by its in-
corporation into bacitracin. Since only intact cells are

. capable of this conversion, their absence from this -
- preparation was concluded. Bacitracin synthesis is,

therefore, evidently due to enzymes present.

3.2.4 ?Pnguiremem Jor bacitracin synthesis
100 nzg of 10,000 g particles were incnbated in the

- presence of 0.1 to 7 pmoles of ATP in final volume

of 2 ml. To an aliquot o7 0.2 ml, an £qual amount of
methano! was added, anmemged ihe clear superna-

tant lyophilizsd and ATP was determined [19]. Con-

comitas 1y, synthesis of bacitracin was also measured -

‘ _by inthibition test after TLC. Fig. 2 shows Ehaa‘l below
b3 Aamule ATP, no bacitracin was synthesized imply-
' ing insufficient: amount of ATP, However, a linesr in-

crease in baa:macm synthesis wﬂh ATP. mmgmmtmn:

" vas fmmd me the ¢*ata, it cmﬂd be calenlated that
e 2 moles ATP are reiquued fm the fm-manbn Df 1 PEp :
L ,hde bonﬂ : : ,

-particles. Bacitracin symthesized fo~~o—2); ATP mnsumad } o {3 3 Rerem‘mn '_:0' b 7 rmmm by seiecimn ﬁla‘em

in ; ‘qnenus snlu*hon (1 ,umo]e in’
n, 18t m:gd by selecxrmn ﬁlter. :
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T . | Table 2 :
- “E' ‘1',; B Lt ?c ~Svathess Bi' amnbmmgs by anyme ..mzmns I end 3[1
o -l = - — -
oo 3 g o=
- E 2 2 E Fraciions ' Rfva‘fms on TLC . :
249 < = - CBG - 023 C0.23 D46
£ 1 i #U ‘ - {pg bacitzacin} ' .
Y 0.5 1455 pg) Cowes 0y -
FE L M 1megd .20 B T X 7.5
4 ~SJJ-B'E 1+ (6 ug) 1.0 Lo ‘ 0.8 : —
(=4 - — . . .
B 01 2 . After tncubation, artas correspending to the R s.values were
E = exsracted and assayed for am:bm‘m aciivity. .Fj

£ 493 95 20 25 30 35
FRACTION MNO-

Fig. 3. Ferification of enzyme on DEAT-cellulose columm,
Fractions of 10.5 mi were collected. A) Protein content (——);
haCl {-===). B) Belectron filter reteniion tesy d----} ; ATP--

J’P exbhange in the presence of aii Dacitzacin sminoe acids
st

When the retained bacitracin was eluted with 70% eth-
anol and the flirate and the eluate were tested for
bacitracin by TLC, it was found in both. This indi
cated an overload. A smaller amount {0.1 pmole)
when used showed only about 5% of bacitracin in the
filirate. -

34, Preparation of the :enzymes
20 g wet cells were distupted in buffer A with

10 X 1 min pulses from the sonifier under cooling,
The brown saspension was centrifuged {100,000 X
15 hr, 2°) and the pale yellow supernatant and top
fluffy layer were decanted. After recentrifugation
{100,000 X 3 hr), the floffy layer was removed and
ilig supernatant brought to 1% sireptomycin sulfate
with its 1085 solution in buffer A within § min and un-
der slow.sthring. The precipitate was centrifuged -
{20,000 2 X 16 min} within 15 min in the cold. Doy,
‘cold anmumoniom suifate {final conc. 55% satnsation)
was added slowly toa z;onstamﬂy stmed suparnatant

. during a. 1hr period. After standing ﬁvpmlgh*l the yel-

Iowish pxempﬂaie was collected by x:entnfugamm
{20,000 g X 20 min). dissclved in mininmm amount

- of baffer A and chmmamgmphbﬂ ona DBAE—z:ellu-
lose (Ceflex D) column {1.9 X 40 cm) using an expo-
‘menttal gradient of NaCl {0—0.5M) in buffer A. Each .

fractmn was tested for proiem, :absmhgme at 280 angd" i

260 nm, selectmn filter retention ‘test and ATP< BQP?
"j"mchange in p:esen»a Df f]i) ammb amﬁs, Scsma Df ihxe

Dr dz:'taﬂs b
WK, .

resalts are shown in ﬁg. 3. The shift in the peak posi-
tion in fig- 3B is not clear, but it appeared that the
fractions between 10—12 and 17-21 synihesize baci-
tracin. The fractions from these peaks were, hence-
forth, referred to as enzyme fraction I and enzyme
fastion 11, respectively. The enzyme fraction/frac-
tions were precipitated by 55% saturation with ammo-
nium sulfate and centrifuged. The precipitate was re-
dissolved in buffer A for further studies or resus-
pended in a smzll amount of the superaatant, quickly
frozen and stored 2t —80°. A rechromatography of
the enzyme fraction 11 on DEAE-cellulose with the
same buffer and gradient, split it giving both enzyme

 fractions T and I3, whereas no such split was obteined

for enzyme fraction 1 on rechromatogrephy. ,

To check for the actual synthesis of baciiracin by
these fractions, the incubated mixture was ckromato-
graphed on TLC-plates. The resuhis are shown in table
2. Enzyme fractions [ and 11 both showed the synthe-
sis of bacitracin A (R vaive 0:43) as well of antibiot-
ic with higher Ry value. Besides these, the antibiotics

 of lower Ry values were also found to be present,

which might mean the presence of other snzymes.
Lombination of the two fractions did not enhance the
rate Uif bacitracin synthesis as compared io the indi-

vidual rates, Inclnsion of the low Ry valng 1}4C)amaino
, dmds (iysme h;snﬁme glmamrm Anc asparagine) in - _‘
“ihe incitbation mixtiure, rzsulted in the synihesis of
. labefled bacitracin, which could be identified on TLC
by mdmscanmng, ﬂrereby meaning an. mmrpmatmn
Coof ﬂ1ese ammﬁ ﬂﬁlﬂs mm Ibamtncm :

35, Surmse demm gmdlem ﬂenm,mgzmor L

Caninfugaﬁﬂn of enzyme fractions T and 1 g:we 'xe- '

_[3111‘1*5 fsjh@wn in. iab;e 3 The afizmme shmam mﬂy fm L




Vo]rnmt 3'3, nmmber 1

ﬂmse frat:&mns mat gave a pmsmve Selemtmn ﬁ]lpr Te-

tention test. It appesrs that there are a number of en-
zymes between molecular weight ol 200,000 to. _
350,000. However, it was interesting 10 observe that
the enzyme fractions further dissociated down to'a
minimum molecular weight of 50,000 vpon storing in
the cold for 1 day. These resulis along with those of
rechromatography of enzyme fraction 1 would indi
cate the exisience of enzyme in different forms that
may be assceiating or dizssociating under conditions of
incubaticns, since each of these molecular entitiss ap-
pears to independenth: macoxrpomm amino acids into
"tbacm.asm
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