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r. TNTRODU0'fIOU

rr... if the nysterious influence to wllch the dissynnetry of
naturaL products is due ohould, come to change ia sEnse or
direction, tbe conetituting eLements of all living beings
would take an inverse d,issyhnetry. Perhaps a new worLd would
be preeented, to us, Who couLd foresee tbe organization of
S.iving beings, if the celluJ.ose, which is rigbt, shoulcl become
1eft, if the left alubumen of the bloocl, should become right?
there .are bere nysterlee wlulch prepare irnmenee labore for the
futuro, a,nd. from this hour inv:lte the nost Eorioug meclLatl,onE
of ecience.rf Pasteur (f85o),

A. GeneraL Considerations

1. Occurrence of D-.0nino AcLd.s i.n Peptide .AntLbiotice

Many peptide antibiotLcE aro proaluocd by a varisty of
nicroorganisraE and the structuree of these antlbiotics have

becn erucLdated, by naby investigatore. sEveral conmon featurcE

are found. (1): one or mor€ p-am{1s acids are prescnt in thE

nolecules and noat of the pepticte aatibLotice are cycJ.ic

peptides. l[he dietribirtion of D-arn{ no acLds 5.n peptlcle ;:.

antLblotics are shown in Table I. '

0

●

●
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TABロ エ

OCCurrence of D― anino ac■d inlpeptiO, antibiotiCS

●

D-Anino acid

PenicilLin Penicilliuq-chrvsosenun valine

Malfornin AspeTgiLLue niger val-ine, cysteLne end lcucinc i i i:;

Actinonycin D Streptomvgsrs enlibiotics velLnc

poLyni:cn B $!s,,F3.!gggg, .. noonyral-enine

Antibiotics.     tibiotic proこ
ucing    ‐

organ■ s■ s、

POly漣懇 海D  量・
"ltty経

Circulin 3. 9i{g!g " leucine

Bacitracin A 3. ]s!gg!!g!g phenylal-atil.r gLutanLc acidt
aaBartLc' acid, and orni.thinc

Granicidin s B. brevie Nagano or phenyLalenincTJtCffi I'ses"-s-b-v

Tyrocid■nel 
鷺辮

ATCC 8ゃ

Grnmi ciこ ■6 
鷺 壼観 静

ATCC 8■防

●

louoユ違e and 働o雷島躍o      
・

phcaylalanine and tplTtophaa

Ieuclne and vallne

●
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Gra.sricidin S prod.uced by BacilLus brerris Nagano (2) ana g.

brev:is NICC a999 (t) ie known to be a cyclic decapeptide possessing

2 noleculee of D-pbonylalanine. fhe tyrothricin produccd by

Bacil-lus brcvie ATCC 8185 is a nixture of gralcicidins and tyrocidLnce

(4). Gra'ici&ln6 are liaear peptid,e antibioticE conta-ining D-

valine and, D-Leuclne, whereas tyrg*dine, Ar Br C end D.aFo cycLi,c

decapeptidee conta-tnLng D-phenYfaft ne 

;ndD-trlptophan. 
Onc haLf

of the structure of tyroci*ines bas the\ eequence of the five rurino

acicl of gramicidin S (5.). fhe sequonces of granicidin S and

tyrocl&inea ate given in the diagram.

3

●
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2 Bioayntheeis of Peptide Antibiotics

The Lncorporatioa of arino acids into several antibiotics

haa been etudled, Elth intact ceLLe (5-1r) and more recently rrtth

cell-free systems (t4-t8). It ie proven from these etudies that

the nechanlem of biosyntheeie of antibiotic peptid,es LE different

from that responsibJ.e for protein biosyntb,eeis.

There is evidence for incorporation of the l-isoners or of

both I- and D-anrino acids into the D-anino acid noieties of tho

peptide antibiotics. L-Va.line is more rapidl,y incorporated Luto

Ben:icillin by etrains of &gigiJ@, or into actLnonycin by

Streptonyces antibiotics than ie D-valine (I9, 7). In addition,

tbe ritrogen atom of tl.-val.ine LE retatned during incorporation

Lu botb caae6, Lndicating that there is inverslon of thc confJ.guration

of l-valine d,uring biosynthesis o! tb.e antibiotLce fron this anLno
\/

acLde (t9r 2O). SLnce D-lEucLns inhLbitod tbe fornation of
L:/

polyni:dn D-and, leucine revereed the inhibition, Lt was postulated

tbat l-Ieucine night be the procursor of, tbe D-Ieucine residuc

of the polyuixtn D (9). The fornation of bacitracin by p.

Lichepifornis ie aleo inhiblted by thc addition of D-phenylalanLae

and the inhibltion can be'roloased by L-phenylalan:ine (tt). It

wae observcd by Toniao gg gI. that in the cell-free eyston of

3. lg14b Nagaao D-phenylalauinc as wcl-J. as l-phenylal.anine
,. l

!
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served as thc precursor fpr the D-phenylalarriae rosidue of
grap{ cidin S and, that at the ainultaneous pres€nce of botb forme

of pbenylaLanine the tr- forn was preferentially incorporated iato
grenicid,in s (rZ). lhe ceLr-free syeten of g. brevie Nagano

enz;matical.J.y eynthcsizes tb,e peptid.esl euch as D-phenyla1.aayl-

L-proline diketopiperazlne. (Ot<p) and D-phenylalanyl-t-prolyl-I-

vall'ae and D-phenyS.alanine anide from the L- forme of the
I

coastituents a'nino acide (a1, 22, I?). The fact that tbe

configuration of phenyLalaal ae of these pept5.d,es and phenylalaninc

a.id,e is all the.D- forn suggests that the inversion of the

coafiguration of phenylalanine ia graniciclin s nay occur prior
to the peptidation of tbe aniino acid. tbo cerr-free extract. of
B. hrevis ATCC 8185 aLso incorporates both D- and L-phenylalanine

into D-phcnyrb,Lanlne residue of tyrocid,inee (zt). rbo sr.nil-ar

effect of D- and L-leucine and D- and L-cysteino on thc incor-
poratioa into thc D- moieties of narfornin ie obtained with

an coll-froe preparation of Agpglll5 niser (t4).

It wiLl be concluded, that L- rathor than D-ar,'i no acid,e is
&ore efficLently utilized, ln the fornation of peBtJ,de antibiotice
and. that thc free !-omi1q acid. is not' an obligatory procrasorr

Eowever, the mechaniEn of tbe conversion of L-arniao acid to tbs
p- saanf,ionorph haE renaiaed obscure Ln aLL Lnstsrcssr ihe

pbenomena involved, in iaversLon of ltbe configuratlon ouggest sone

more novel enztrnnology. '

`
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Raccnagce cetalyzc thc fornalion of raccntc af{no a
rl

f,ron cithcr D- or L-arLno aclct at lcqual ratce.l thcrc Lslt:
avldcnco for tho occurrcncc of andno acld gpcc[.fJ.ci raccn

:liii:i:。i:iii:IB:°

CI:iili: l:。

:lil: i:laF:i:il:::::aii:::::------t --::- 5----'

rn gjlgglgggg.gg lgge$E and to {o"or", pyrra[xa1 ptesphetc
.-lli(parB) aa a procthctLc group (e4)j Both PALP bnit I'AD rcrctt,:-tt-.rcquJ.rcd for thc actLon of alanLn{ raccnaec frpn 8,. gubtills

il
IQs). sLnLtar activlty Lg found 1o " nunbcr olf othcr organlanal
,l
i

includLng leucongetoc ncscntcroidis, EechcrLchLa .g$L, and

≠乱 証 =冨 耳
罵

●

rac●mages,

euch aa gJ.utanr{c acid reccnaacr lyelnq raccnasf r and prollnc
|

racGmagc arc knorn Q?-ag). A prcllnirary
t\

t of thF● o■in●

raccnaao ahorccl that ATP or Al'[P etLuu].etcd L ection (ro).
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glutqtn{c acl,d'raa ehb=-fi-uy lborn {t *. tn !.
and ユ・ anthraci6 ('■ , 32).  Th, rlactiOn io clta■

'Zea bya coup■●d ●nzyコic syste■  of a■anil●
 :a,。
ma'・
 lnd l「  an,D「

nml■O aCia trnnsant,a8● 88        1

An alternatlve fornation of
|‐
8■utanic alid fr。 . L‐

=α
―k・ togltt=ric acia + Laュ・ ni n●L‐g■

1ょ
an.ひ＼
::ユl十」:IIIli:

D・ A■ antn●  + α‐k● tog■ttaric

｀    ~  ~VI  I

=~｀
D‐ a■antl●  |

―

― ―――
―
・

-  1

aCid:ミ

==ゴ

≧Pyruvatl + D‐ 8■utaロユc acid

ー

●

Su■ 8

Scvcral othcr !-arn{ 16 aclds such ta

not prcccat la thcsc bactorLl ta! forucd

;yatcu. I .

L‐gintanic acil=:==≧
11‐
8■utal・°

 lCid
l    l

.                   )   |`  ′

phcnylaldniac rhLch arc

Ln vLtro ,by thta cnzlrmo
.:
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2. Fornation of D-phenylala:::rno fron T,-phonyralan{ne

a t was reported, in 1964 by yaroada, Torrinor nnd Kurabasbi that
L-phenyJ-?l anine i.s converted, to D-phenyJ.a]-arrine by a celL-free
extract of g. brevig Nagano aad that ATP is essential for the

conversi"" ; [iuo"ralaaine to the D-isomer (t7). Absence of
p-ann{ se acid transqmi nase in the cei.l-free extract of !. brevi-s
Nagano excludes the possibility of the formation of D-phenyl-alanine

through the coupled enzyaic reaction of alanine racemase and. D-

and L-trg16emia45s5. The enzlrae capable of catal.yzing the fornation

, of D- and !-phenylalaulne from each one of the isorqers wa6 called,
phenylalanine racenase (t4).

The resent study'on phgpyfalarrine rece&ase was deegnibed

la tbe attacbed' paper (Yanad.a and Kurahashlr L96B). The Baper
d'eh'lt with th'e partial purification and some properties o,f the
enzJnoe. The enzyne w&s partially purified. by ultracentrifugation,
ammonium sulfate precipi-tation and, calcium phosphate ge1 adsorption
and elution. In ad'd'ition to ATP and, magneoium ion, i.norganic

I pyrophosphate was requj-red. for the activity. Eigher concentration
of thiol conpoundl such as dithj.othrej.tol and 2-nercaptoethanol'
stinulated the enzyme activity. The rate of the fornatlon of
D-phenyLaLanine frou the l,-isoner was nore rapid. tban tbet of
L-phenyralanine fron the D-ieoner und,er tbe certaia conditions and

the equilibriun of the reactioa is favorable for the fornation of

9
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D-phenylalanino. This A$P-d,epend.ent pbeaylal.anine racemaso wa6

.          a■ so found inュ . brC・ Viお ATCC 8■ 8,  prOduCing tyrOcidines.

●
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racemaB●

lnZyme giv● 8

an17er th●

r Fin dependence

re■ated植th the

(■ )

(2)

(ぅ )

ヽ

●

C  Natur● of P Ob■ 0■

A novel cnzYnc of

wae sboln to bc Prcscnt

rLsc to nany prob}ema.

follorving qucctionel

onzlrn€ eystcme of, grnm{ cLclLn S synthcsls eacl o
\

eynthcaLe. '
\

llbc rcqirLrcncnt of

of phcnylaLanLnc and thc

aetlvati.rg aethdtj,cs ln

fornuLatc a hYPothctlcal

ATP, M8 + and PPi for 十五0 1acOm■Zation

COe=■ 8t●nCe ol L analЬ ttpl11,la.antne

the F● Oema80 preparat10n ,Omptea u●  七●

r●action meё h・"18m aSlfO・10・8:

≠

′

L-Phc + ATP + Ertz. F* L-Phc.'AMPi,nnz; + PP1

L-Phc. AMP.Enz. 
==:=: 

D-Phc..AMP.Enzi

D-Phc.AMP .Eu,z. + PP{
:

ヽ

．■
だ

` Sum : L‐Ph●

On thLs sqhcnc thc raccnLzatL,on of phcnylalani.nc occurg at

thc gtatc of thc-tnzyue bound phcnylelanyl aclcnylatc end L-

phcnylalanLnc nay bc Lncorporatctt Lnto_ D-phcnylalanl'nc nolcty

of granl,cittLn s, not passing through frcc D-phcnylalanlnc,

becauac D-phcnyla!.anyt adcnylatc formcd fron L-phenylalanl'nc

rould bc uEcd for granLcLdln S. lbLs id,ca Le conBatLblc rith.;
thc fact that frcc D-anino acLd Ls not obligatory prtcuraor of

‐  DT警●   i
l         ll

(4)
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tho D-a.nLno acLct nol,otLes of pcpttdc entlbLoticl.' ;
I,

fo vcrLfy thc abovc hypothceLal thc author atianptcd

succceafully to ieolatc thc pbcnylalanl,nc raccnasc aa a
i

honogcneouc protcln from 9. @!g. Nagano aad cxadl,ncd ltl':
cbaractcrLatLcs. llhc purlfJ'cd anrnpLc laE ehorn torcxcrt Lr-

i

,antl 
DiphcnylalanLnc actLvatLng fuctlon lbich f1 lnvolvcd Ln

＼

)＼  |      : :  二ヽ | |  |  .::|
＼     11 1  111 111.‐ r ll

thO pheny■ a■anine rac●口土zation,

the purifild pr.palati。・ ‐that ti

participatoa■ュbOth gran■●■din

SySt●■3●      ‐   |     | |
■ 1、    |  ‐      || `  '
｀
＼
、
:       ・     |
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II′ MATERIAIS AND METHODS

A. ChOn■ ca■s and lsOtOpos

The fo■■ow■ ng chomica■ s ▼Oro obtained cOmmoroia■■y : SephadOx

G“,0, Sephadex Gr■ 50, Sophadex G=200 and DEAE"Sephadox A‐ 50 mcdiun

(ぅ。■ meq/g)were from pharmaciま ; TEムELc.■■u■ose (0.4 neq/g)was lfiOm serva:

nuc■e,s■ de phOSphates, 91ysta■■ine bovino sorun a■ bllmin wero a product

oF Sigma Cho潤・ ca■ Co; 角n・ nO ac■ as ana the ana■ Oguos oF phony■ a■nni ne      ‐‐

were froコ Ma"い ROsё arch Laboratorios lnc:; DTT from Ca■ biOchOm:    ′

tyrOcidine=HC■ ind tyrOthricin from NutritiO■ a■ BioChOmica■ s COrp.:

grnrnicidin S from Mei3i Seika Khisha, Lta: acid a■ uコina froコ M. WOe■ュ

.     EschvOgo: L,p五 6ny■ a■inine_し _・
4c  (322 1nc/D"o■

o)L‐■oucino‐ V―・
4C

(214 コc/コ 7no■o), Ltttyrocine― U二14c (1.8:8 mι/ロロ。■。)fromlaiicli Ptre
Chemica■ s Co.I L_tryptolhanいう―・4c (2■

`キ
mc/m奮。■o)and LJva■ine"u_・4c

(208.5 m。 /口 7nO■ 0)frO■  Nei Eng■ attd Nuc■ oaF COrp.: L“ pheny■ alanine‐

u_ 4。 was purュ fied by trOatmont w■ th DTnrni nO aC■ d 。メ■dase Fo■■ovod   i

by cO■ umn chFOmatOgraphy On Dowex 3o (H+): L‐ phOny■ a■ anュne‐ ぅ_・
年
c

l   l  andD"pttely■ a■anュ no‐ぅ‐ 4c werO proparOd frOn DL「phely■ aianュne"ぅ‐14c       .

(a prOduct Of SoctiOn Mo■6cu■os Marqu`es Fabriqu6 pn" CEA― France, 
・・

■O mc/mm。■。)by treatmOnt with D―  and L‐ ntti nO aOid oxidaso, rOs_

. pectivo■ y.  Resu■ ti■g kotO acid w,s rOloV?a bア pa,Slng t卜■91gh a
coiumn oF Dolex 5o (H+)I ATP-8_・ 年c (b.ぅ mc/mmo■ o)ana AMPttU_■

4c i        ‐

.       6年4o 壼c/mmo■ o)frOm schwalz Bioresearch and New Engiand Nuc■ oar         .:
:    |

.       orp9 respoctivOly, woro purュ fiod by pap,r chi°・ at。甲Faphy 'S

TTTneT・ i .1ギ
|

●
●
■
一
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育桑

S tFept。
■
yCin s■ ■fate Was a gift fr。 ■ Mre Io YOshinura OF

Meiji Se■ka不 五 sha Ltd. ATP― γぃう
2P7as aき

ift froュ Dro T.EOrio

of lnatituto fol・  Pl・ otein Rosearch, Osaka UnivOrsityI  Pheny■ a■anine

hydrOxanic acid was prOparoa by tho ■othOd Or Safir and W■ ■■■an3

(35)frOm LpphOュ yla■ aninO mOthy■ 。sloi hydrOch■Orido, which was

kind■ y givon by Dro Se Sakakibara Of lnstitu10 fOr PrOtein Resoarch,

Osaka University, ana thO prOpこ roa phonyla■anュ no hyarOxanュc acェd

rOpreSOnts a sing■ O spot b,IPaper chFOmatOgraphy in s。 ■vOnts of

sec  butano■  8 fornic acid 3 ▼ator (7, 3 ■5 3 ■O v/v)(ぅ6)and

of n―butano■  3 aCetic acid 8 water (4 3 ■ 8 5i v/v)(ぅ7).  Ca■ ciuュ

phOsphato go■ was pFeparea aOcOrding itO tho ュethoa Of Kei■itt and

=角

"tr。。 (う8).  la■ t‐ fr●。 hydrOxy■ nガino Tras propared btt the moth`d

oF Beinert et a■
` (ぅ
9)=nd stOrod frozOn at ‐20° Cぎ

●

●

●
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B. Grovth of B'actoria
I

1. Bacillus brcrris i,Iarano 1

g. brevis llagano rraa suppLicd by Dr. S. Otarri of Ooaka City
Univorsity Mc*ical School. Thc nod.:iun uscd vras autrient brotb,

' "nhlch containod 1 % l.lolypoptono (nai6o Eiyo choulcal co.)r I ?!"

meat axtract (Kyoku'bo pharnacoutical Ind,ustrlal cs. ), o.?S % NaCl

ana eLugh NaOH to bring ihc pB to l.Z. fhc organisn groF,?t on a
nutrient agar slant was ri'ashod, into JOo n1 of tho mod,inrn ia a

Z-liter Erlenneyor flask aud tro fraek lras incubatod at t?o c for
I

2 days vtlth roclprbcaL shakiag. Onc hund,rcd niLLilltors of tho
proqulture worc lnogulatod.to I lltgr of tbo frcsh 

'sdiu!. ln a

5-Ij-ter Erlon:acyer flask and tho f1aslc nas j.acubated, overnlght at'
3?o c r'f,ith rcciprocal shaking. A total vorumos of 51ltors of tho
inoculun was transfeEed. to a 2OO-Litor fornonter containidg J.oO

liters of tho frcsh ne.tiun. Tho f6rnantor va6 na-intained, at
3?o c and 'aerated. at the rato of ?o riters per ninuto wlth,
stlmi'ng at L?5 rovolutions pcr minute. Tho colls vroro barvosted,

t at the Lato J-ogarithnic phase of growth (4 to J-hour culture) by
' a sharples ccntrifuge and. nashcd. onco rzlth 2 Litors of O.o1 M

TEA-ECI buffer (pH B.O) contairrins O.Ol M tloClrB O.OI M tIgClA. fho packed, ceLLs

$roro kept frozen at.'-2oo C. 
r

●
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.`2. BacJ_1■ 堕 breis ttCC 9999  1

1         ‐      ユ・ brevis ATCC 9999 co■■s grOw■  O vOFn■8ht On a nutriont

l           agar s■ant were washOd intO thO sa=O broth as that aoscribod in

theigrOwth Of B. brovis Nagan。 .  ThO fu■ turO was incubated Overnight

et 3?o c. ThOn, 30m■  Of 。lernight ct■ ture 170rb inOcu■atOd intO

‐       .n■ ■9 2■■iter Er■onmcyOr f■ ab16.liCI.C6ntaining,oo m■ of thO
meditュ ■ニュ.t19y 16re ュncubatlal lt ,7: C Tath shaking in a New

Bruns,軋ёk gyratOryュncubator 1lakeF, ICO■
is Ter。 larvestod by

oOntriFugation at 8,ooo xl軍
 fOr ■5 m¬ nuto, and ヤabhod with ith。

L          Snmo blifor ●S tSed fOr ュ・ brev■ 3 Nagano c01■s.

:     う。 
…

hroi6 ATCC 8■り|                ヽ

ユ, brOvユ ● ATCC 8■8, was gr。、1l by tho mOthod Of K. Fu」 ユkawよ

et aI (23). Thc orgarursn ,,as naintainod, on roilk agar slante
aad thon grolm'on rulrk-yoast oxtract nc.di.um. sno fuIly groyrn
culturc nas inocuratcd, and. grov'r at,3?o c on th,e nutriont modlum
d'escribod' Ln B. brcvia i{agano cxcopt that tbo rrigoroua acration
(90 ■/口in)and thさ  vi。 ■Ont agitatiOn‐ (2■6 Fev。 ■ut工。ns/■■■)TrO壽

needed.

う

●
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, c. Enzyecs

L. Preparation of Granicidin S Synthesiziag Systcn

Iraction I and fraction II vcro preparod fron B. brcviq

I{agano accorcllng to the::,ctlr.od. of H. Itob *t eI (40). fbe procedure

condistcd of ultraccntrifugatlorl, strcptonycia troatncnt, annorrium

sulfads fractionation, thc ad.corp',;ion a::d, olution on caLcium

phospbatg gc1 and, the scpa:atiou of tho calciun pb,osphate gol

fraction by Sophadcx G-2OO l:rto thc trlo complcnontary fractlons,

fraction I and, fraction II.

2. Preparatlon of Tyrocidino Syntiioeizing Systera

Thc ncthod cnploycd in tho proparation of tyrocid.ine
I

6ynthe6izlng, systcn fron B. brcvj-r ASCC 8185 vras tbat d,oscrib6d,.

Py K. Fujikawa ct aL. (Zilz Cclls vorc lysed rritb tbe action of
nssenriflsss' tho J.ysato nas fr.actionatod. by annoniug sulfato

saturati on, (t3 % - +t lD, ilrc selcctivc precipitation by

protar{ne sulfate, 2nd, ar.,noruiun culfato saturation (tZ % -' jB %)

and, resoLution of the cnzlnno syctcn into thc conponont I and II
by col.unn chromatography on DE.AE-ccllu1oso.

3・  CO■■‐froo Extracts of ュ・ brevis ATCC 9999

FOr tho preparation Of the crude extract, 6o■ ■s TOro suspondod

in 4 v。■11籠。6 0f O:0■ M TEl´ HC■  (pH 8。 o)。 Ontaining O。 0■
 Y MgC・ 2         1

nnd disrupted in 22コ■ to aラ  ・ ■ pOrtiOns for, コinutos i五
′
a ■0‐kc        .・

Kubota sonic osci■ ■ator.  Tho crudo oxtract was obtainoa on

●
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ccntrifugatlon of thc sonicato at 18rO0O:"; g for 20 sinutos.

4. korganic Pyrophocpi:.ataoo

Inorgan|c pyroohoophatase rras purifiod froni Fscbc:'ichj-a

coli K-12 through tbe 2nd. DEAE-celluLosc cbronatography accordlng

tO thO 五。thOa of 」6ss。  (4■ ):・ Ons unit of Onzymo activity is

that nttount hyarO■ izing ■O llmO■es PP主  主n ■5 コinutos a, pE 7.5.

ラ.  D―■螂ino ac土こ Oxidaso

D―■mino acid oxidaso was pur■ fic a frOrl     the pig kidnoy

according tO tho r10thod of ttbo Ot a].。 (42).  At the 6na of th。

purificatioュ , tho bOnzo主 ё ,ёia was rO■ oasca by thO aaditi。 ■ 。f

bL"alamr.。  aユa romOvea by ttol filtration on Sophado= 9",o

odui■ibrated   ■■th O・ 02 M Na412° 7"菫
C・ buffe, (p■ 7。 2).  Thこ

■yophi■ized poTrdor of tho oFギ■uont Was storoa in a dOsiccator

at 4° C without ■oss of activity at ■oast For 20 monthso  Sono

oF the prё paration usod was a kind gift frott Dr. H. 颯atari of Osaka

University.

6.、  Cata■ aso                     :

Crysta■■inO cata■aso was a kind giFt of Dr. T。  Ohoka of  ・

Tιky。  14。 troporitan University.                            、 :

7. Snako Vonon

snakO v91,ェ
リ▼
hiCh sorvod as L― nnino acid oxidase, was tho

kind gift fr9EI Dr. Te Suzvkt'Of lnstituto For protoin Rescarch

Osaka Univorもity。

●

●
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D. EnzSnro Lssays

1, Assay of Fb,enylalaninc Racenaao

For routine noasursnent of phcnylalaolnc raccnaso activity,

tbc anount of D-phonylalanlno forned. fron thc L-isonor sas

d.etcrnlnoa (]4). Tiro rcaction ldxture conteiaod 50 irnolcs of

fEA-BqI buffor (pH 8.5), 1 psole of AT? (ad.justcd to pH ?.2

E'ith NaOE), J. pnolc of l{g0J-r, 25 lt:ool'cs of DfTr O.5 pnoLe of

EDA (adjustcd. to pB ?.0 rxi.th Na0E) t o.5 pnoLo of potassiua or

sodJ.um pyrophosphate (ad.juetcd, to pii ?.O T?:ith, i(OE or NaOE),

25 npnolcs of L-phcnylal-anlnc-u-14c (5 irc/i:,aolc ) I and an

appropriatc anount of cnzync protoin j-n a fiaal voLuso of

50O pl. Tb,e reaction sixturc $as incubated, for jO rrinutos at

3?o C' and tho rcaction vas tornlnatcd. by i.uraorsi:rg iho tubo

Ln a boiling vatcr bath for 
.1.5 

m:inutc. The donaturocl protoin

yras rcnovcd by contrifugation. To a ]OO-pt portion of tbo

. supcrnatant fLuid, ncrc add,ed. 2O irl of D-anino acid

oridaso (40 ng of lyophilized, povd.cr per rc1 of O.1 !1 NaPPi-ECL

buffcr, pE 8.0) and 5 pI of cetaiasr (L.7 ng of protcin per. nI)

togothcr uitb, 50 npnolcs of ualabolod, D-phonylalaniro a6 canlor.

After j0 rdnutes incubatlon * 7?o C r.d.th ehakin6, O.1 nl of

O,! % 2, 4-ainitrophcnylbyd.razine i.n 2 N ECl r:as addcd, to tbo

doLution. Tho solution was al,Lonod to stand, for 5 ninirtos at

3?o % and diLutcd. to 1 nI rriih LO ?3 netaphosphoric acld. Tho

●

●
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a,ueOus s。■utiOn cOntaining 2: 4_dinitrophony■ hyarazone Of phOtty■ _

pyruvttc acia was shakcn with ■ 二■ 。f othy■ acetatO on a tost

tube コユxOr.  AftOr briOF contrifugatiOn, ,o_■ ■ a■iquots Of th。  
・・

othy■ acetatO ■ayor 76iO withdratJ`ム  and p■ acOd OF a■ uminum

p■ anchl,s.  ThO rl■ oこctiVity t7aS d,tOr題 ニュOd in gas_f■ ow cOunter.

Tho raこ。activity 」Ound was coriOctOd by sibtractiOn of thO

3 CO1ltS 10und in thO cOntrO■  run ■hich was troatod s■ コi■ ar■y

aざ
ヽd9,cribOd abOvO Oxc61t Foi tho omission Of D― nmino acid

6xidaso troatmont.  o五 e tti■■i_unit of thO pheny■ aユanine racomasO

was dOfinol aS tllat an。・ant Of Onzy=。  ▼hich cOnvOrtod ■ m■菫o■o

of L_photty■ a■aI≧1悪ザモィ: D―isOrler por ‖
・ ュutO u■ dOr thO assay cOnditiOns。

Specific activitデ  Of th。  。nzv‐O was OHpro380d aS 嘲
・ 1■■.uい ,ts pOr ng of

protein.                                               .

Tho n"Oun1 0f L_phOny■ a■anino fOrmod frOm tho D二 isOmor was

det9rninOd by the troatmOnt lith L二 nninO acュ d 6xidase.  ThO procbdurO

was thO sハ
“
e as tlnat 6f thO detOittination OF D―

姜heny■ a■ anino oxcOpt

that 20 ■■ Of L_.・ ■linO aCid Oxidaso (4o濾 g 6f thO ■yOphi■ izoa snak0

VenPF in o。 ■ l・I KC■ )and thO carrioi Of L_pheny■ a■ anino werO usoa.

i  n thO 。メperinOnts in whicll tiO erfoct of p= On thc rac● 二asO
rCa,tiOn was exn“ 、ュOd, aftOr thO tOrr4¬ natiO■  Of th9 raqomaso rOacti,ユ

,

the pH Of thO rOactiOtt mixturo was nttdl up 10 bO optittal (pH 7.2

tO PH 7.5)for the actiOn Of L_n■ 1五。 acid Oxidase by the aadition     ・

I

of TEA Or HC■ .           1      1  1   :

●

●
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2.  島 say oF D" and LⅢ Phcny■ a■aninc― activating Activity

ThO n■ ino acid activatiOn ,as dctOrコ inod byュOasuring

phony■ a■anino hya■・6xn"lc    acid 。.‐ pholy■ a■anino― depondOnt

oxchango roactiOn bOtvOOn ATP 
よnd PPi.

(1)単OattuFOnOnt Of Phcn'ュ a■ぬ"i no IIyarox"..C Acid

ThO mOthOd was si言
・ ■ar tO that usca by Davio (4ぅ ).  Enzy■ O

was in,ubated ■生th ■0 ■nO■ Os Or Oitlle_‐  Ltt Or D―phony■ a■aninO

at ぅ,° c for ぅ0 ■■nutos, in a fina■  v。■umo Of ■ 菫み of a reacti。ュ
m・ xturo cOntttninど  ■o,二 o■6s of iTP, ■o■ コO■Os Of MgC■

2' ・
°°°

μmo■es Of sa■ t_freO liH2° E, 5 units oF inorganic PyrOphospnataso,

銀 d■ 00■ n。■Os Of電 [HC■ ,pH 8。 oo A cOntr。 ■ 嘘
ル
hOut ph9n,■ dattn。

was run sittu].tanOOus■ y.、  ThO roactiOn va6 StoppO卜
 
ちy the aadition

of 2.多
.■
■ of a sO■ utiOn cOntaining ■o %FOC■

ぅ
, 5:% t2PiCh・OrO acと tic

acュ d, and 2/3.  HC■ .  ThO procipitato was I。 40vOi by celt'IFugatiOn
and the phony■ a■anino ュydrox"mi c ,Cid fOrmod was ■Oasurbd in a

K■Ott_SunttersOn phOtOO■ ectrュ c c。 ■Orュ me tcr 、′ムth a‐ 170.ラ 与_fi■ tOr.

Ono unit Of enzym。  1嵐 s dOFinod as that _‐
"Ount Of PnZynO ,ataユ yzing

:1

the synthOsュ s Of ■       lLコ 0■o of pheny■ a■anino h,aroxハ mic aCユ d
iper 7n■ nuto.

(b) I'teasurcnent of phcnylelanine
i     ｀

=

dopondOnt AT写_PPi Exchnnge

Reaction

Tbo a,ssay rclLos on thO cOnvorsiOn Of γ"P52

●
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to a l・TOri t_nonad80rbab■ o fOr鳳 . Tho assay=ixturo ■nc■udod in  ‐

●           005 m■ 8 25 ■鳳o■c, oF TE■ _Hc■  (,H 8。 o), ■ ■■0■。 of ATP cOntaユ ninor         i

γ二P,2 .aも Oi6d ATP (2う ,000 c」■): . .,。 .0 0f Y,C■
2' 5 ・

二°■o3 0f      °:

2-morcaptOOthanol, ■ ■量。■3 0f i,a4P2°
7' 1 '工

°■ C・ Of L_ Or D―

phony■,lani10 all l19 a'propr■atOlnttount Of enzynO.  ThO rOactiOn

nixturo1 7as 116ubatoa for ■ぅ ■inut。ど at ぅ7°  C w■ th and ttithOu」

1      13°
ny・ alt■ n。

.:・
lhO i°
action rab stoppc・ d by thOladditiOn of o.2 五■

・           of 工
ヽNt Hc■ nnd O:う  mi Of 5 % Nbrit A luspOnSiOn.  Aftor being、

"■ xod :Or t6Vera■  ■inutOsI IIorit was sodiュ Ontcd by cOntrifugati。 ュ

.           : 
ユ
 l,W SpOCl, ald thO purё rnatant Fltaid was Obt,"nodo  ThO

I        ■tadiOacliVity Of 5o_■■ a■iquot Of th6 sup,rnatOnt c6ntaining

hTorit_■OnadoOrbab■ O '2PPュ ‐was dOtOrョinOd by cOunti■ g in a gas―
.

f■ow cOuntor.

う。  Assay Of GFatticidin S synthesizing k6tivity

The ttOthod was that dOscribed by ltOirlニ
ユal。  (4o).  Th。

‐         海ount OF grnnicュ din S fclttOa ξミs ttca,urod as tiO n"。 unt Of
L‐pheny■ a■anュ no"む二・ 46 ..corpOratea. nto gin,.c.と in s.  The 」●action         :

●         渤・ xturo, o。 ■■ 五■, cOntainod 5 ■二。■o, of TEl_EC■  (多H 8.6), も
1:5

■■o■o of ATP, ■ ■■o■o of MgC=2' 
・
 ll五。■
| 
。fiDTT, 3o ユ■■0■OSi3f

OaC■ ol tho fOur un■ abb10d L_amino ,Cid (■ 6ucinし , ,aュin。 , :lttthin。 ,

l          and prO■ ino), 5 ■■■。■c・ 3 0f L‐pheny■ aiattin。 |き_1年c (tOta■ cO、1ls,
4o,ooo Op■ ), and appropriato ハ,。 untsi OF onzy菫 o.  AftOr incubatiOn

fOr 30 ,inuteS at 37°
 9,しhO p10ny手 1■liin。 _U" 与C incorp6rated

●
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into 6r;"nicid.in s sras plccipliatccl';ogcthc=:ith, o.L nr of the

carrier g:.n-ri.cid.in S (tO eg per nJ. !'. cti:aaol) and Titb,2 nl
of 2 I NaCl Ln 5 t'" irichLcroacctic ac:':-ri solution. l,f,tcr
centrifugation, the resLd.uc vas cissoivecl, ir: 1 nL of ctlranoJ.,

and. the soLution nas pasgocl ';rrrcugh a ecid. clurin: colu3n( o.9
x 1.0 cnr). Tho coluan sas'rashcd. nitb.2 nI of ctbanoL. The

rad'ioaitivlty of an aliquo1; of the conbined. ,sffrucet r,,as

countcd in a gas fJ.ov countcr.

4. Ascay of TyroclCinc Syntbcsizi:rg ictivity
Tho a-lrount of tyrocirlinc foi'scd, nas d,etern:lned, by follocring

thc ncthod of Tuji!:ara et r.1. (Z]). fbc alouai of i-lcucinc-U-14
c incorporatcd. ia iho prcscncc of il:c constiiucnt a.nino acid,s,

ATP and l"1g** into thc fraction uh:.cb rzas insolublo ia l,Iaol solution
and nonad'sorbablc 6n thc aclcl alunina coLunn rzad dctcrnlaed.. Tb,o

radioactivity ria6 ncasurcd in gas-fLos counter.

5' AssaY of Catalasc

catalasc rras assaye<i by foLLorz.ing tire d.ecrcasc in thc

absorbancy at 24o np of l{ror. The roaction nixturc, 1.! nr, '

containcd ?.5 pnoles of K-po& buffcr (pii ?.0), l.J ltnores of .

Hzoz and' ) to 10 pI of cnzymc f:.actlon. Enzlnrc acti.vj.ty' 'ir"s
e4prcssed' as the chango of the absorba:rcy pcr 20 seconds per 5 pr

,tof enzyno of cach fract:on.' lhc cecleaso rn thc absorbancy va6

follovcd in a cary 14 Rccorcin; spcctrophoionctcr. '

t

●
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6. Assay of PhenyLalan:u.c-dcpcti<!.cnt !J"IP-.{TP Exchango ReactionI 
thc reaction nlxturc containod. 25 proLes of lE*\-HCi (pH 8.0),

l pnoLc of ATP, l pnoIc of l'1gC1rr5 pnoles of 2-r:crcaptootbanol, 1

pllolo of Al"lP contalning 1.48 x Id cpn, !. pnolc of L-pbeny3.alarr:ine

and' enaync protein in a tcfal ssfsrrs of 0.5 nl. Rcaction nas

. carricd oui at J?o C. A 25-p1 portlon of firo rcaction ruixture
a

tr'as renovcd. and. appJ.icd onto a Toyc filtcr. papcr IIo.51A. Iho

separaticn of tho ad.enosine nuclcotid.cs and. thc cstiu,ation of
the Al4P and ATP was carricC out as Ccscribcd. be1og.

e..t

●

●
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E. Ina1y,.;ica1 l:{cthods

L. Scparatlon of Ad.caooj.:rc lluclcotid,cs
An aliquot of thc reaciion nixturc contsi::ing ihc rcsu3.tiag

rad'i-oactl,ve ATpr iDp an-d ru'F rvas rr,J.xed rith. o.o5 puolo of oach
of the unlaber-cd adcnosinc nuclco'!irr.es1 placcd. onto a Toyo filter
paper No-51$ (z-5 x 50 cn) anc c1.o'rc10pcd. cesccad.l.ngly v:i.th a
solvent of isobutyric acici : as::ro:ie vater : HnO (65 : 1 .: :;i.t
v/d et 2i-z5a c for 12 to L4 hours. Af.Lcr. drying tbc crrronatogran,
the aroa of thc co:rccpon*i*g nucrcotid.cs berc iocatcd. by tho
ultra-uiolct absorption, cut in plecee a:cr counted. in a liquid,
scintiLlation countcr. I

2' Deternination of r'iolccular l?crgb.t by sucrose

Donsity Gradicni Ccntrifugation
Thc rcolccular rveight of r:bcnylalaninc raccnase *as deterniacd,

by sucrose density gra*ient ccntrifugation according to thc ncthod,
of l'iartin and, Anes (44).

. sucro.o gra*icnt : Each, of the trvo chanbcrs of thc gradieni
forning apparatus nas filled' '..'d.tir 2. j nl of sucrosc-buffer soluticjn.
20 ?3 ot colC sucrose j.n O.O5 i.t TrJc_lICl (pE ?.j) conta:-nj.ng O.'OO5 lli
DTT vlas placed in tha nixing chanbcr end.5 % of cold. sucroso i.n
o'o5 l'1 Tris-ECl (prl ?.5) containing o.ooj H DT? rsas pLaced. in the
adjacent chanbcr. The chanbcr 4ext to the outflorv tubc r.ras bubbled
with air.

●

●
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Layer5.ng of sanpLc : Sanple, 0.2 s.L, conoS-o.i;cd. of O.l,B nI
t

of phcnylalaninc racelia$c (abou,; I.9 ng protcla in O.OOL U

' Tris-E01, pg ?.5, s;olution)a::d- of 0.02 EL of catalasc (A.9 ng

of protein pcr nrL) a::d. thc sanplc Hac laycrcd oL 5 % sucro6e. 
.1.,,

centrj-fugation': fhe sringing buclict roi;or s'i?-65 nae fit'ced. '

.a

. to the noclcl 12 Spinco ccnt:'ifuge. fhc rotor iieo run at 35rAO,O,,
a

rpn foi IJ hours at Zo C. 
,,,

sanpling : nach fraction of ? drops iras collcctcd. in " 'rl'tor
,t'fraction of 36 and uscd for assay of catalasc, L- aud D-phcnyJ.alan:ino

activating enzyne and pirenyJ.ala=inc raccnssc.

3. Dlsc Eleoirophorcsis on Acryla.;-:ric.c Gcl

Discc3.ectrophorcg1sonac:.y1rnid'cgc1rascarri.cd'out',..,

accord.ing to thc ncthod of Ornstcin and, Dav:Ls (45). file lprob-fcaure
I

of sanple application vas oi.npliftcrl ao clcscrj-beci by EjeriSn ct e.L.

(45). 100 pg protein in Frac'ilon XIII wcrc appiioa to a po).yacryla:rid,e

colunn (0"7 x 8.5 cn) consisting of 7.5 ?t llo:c aj-zc. Direct cr:,rrcnt

nas appli-cd in thc co1d. ai 5 iliLLi- eilncreo pcr tubc for 50 n::utos.
i

Protcin vas sta:Lncd. rrith 1gi rnld.o 3l-ack 10 ts for 20 n:riritcs dt ti"I
rooa lsnpcraturc. DostainLng :?as carriod. out by appI31rng taoi airict

?^t i'
current at ? nllLi- a.rrpcrcs pcr tubo in clcctrolytc of ? % o"Ett"

-{,

acid. for 16 hours in thc cokl.

●
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4。  DOtcrttinatiOn Of protcin COnccntrati011

prOtOin va3 dOt61ェ inOd by thO biul・ ot ュothOd (47),ith

crysta■lino bOv■nO scru■ a■ubu」in as thO standard.  Protoin in

201■■ 6f oach fractiOniい。ュ the sucrosO density gradiont tias

procipitatod byう % triこ h■OrOacOtic acid and dOtorninod by thO

moth6d tf LO■ rry ot ale(48).

5. 110asurcttOnt of Radioactivity

RiciiOaこ tivity 7as dctorュ inod as fo■ ■OTs3

o              , (a)th6 radiOactivO  iatcria■  was placcd OntO an alu■ いュun

p■anchot as an infi二 itO thinュ●6S S「¬p■c and thb radioactivity was
ヽ

dOtOl・コinod in a IIuo■ oar・・Chicago sa3‐ fユ。ti/ countc・r fittOd すith h
‖micro口i■ ‖ windOI,

(b)thO radiOictiv。  ュatoria■ on tho piOctb of chrOnatOgrnm

was put into ラ n■ Of a to■uOno_PPO_oinOthy■  POPo' scinti■■ator

so■utioll and tho radiOactivity 7aS dotOr嶽 ,nOd in a Packard 二こquid

scinti■ ■atiOn cOuntor.  ThO scニ ュti■■ator 60■ ultiOn was cOコ ΨOSOd Of

.          4 g of PPO and 309 ng of dittctlly■  POPpP in ■ ■ of t。■ucnc.
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IItt  RES ULTS

A. Prcparation of Pirenylalanii:e laccnase frot Bo brc..'rs liagano

-AJ-l opcratj.ons nere caniecl out at O-4o C.
.-)'

'-lstcp 1: Prepara'l;ion of cludc E::tract rhc frozen cclls
le^t' \\576 E ) ucrc thas'i.d anc suspc:rclcc, in 4 voru::cc of o.o1 i.I TEA-Iicl

buffer .(pE 8..0) contai::J.ng 0.oL i.I I'igcrr. z-i.icrc..!;ltocti:aaol ,.7as

ad.d.od.'to tlrc ceLi suspcnslon ai a final conccntratio: of o.o1 M.

fhe ceII suspcnsion i?es son:icatccr in Jo-aL portions j.n a lo-jcc

Rayti:con sonj.c oacillator for J ninu'Lcc at 1.1 €ulpcrc. Unbrokc:r

cclls and celLu'Iar d.cbris ncrc rcnovccl by ccntrifugaiion at AOTOOO

x g for 20 コinutos。、

,top 23  ContriFu6~ati9n at     78,ooo x 意

f■uid,at 20000Q X g vas contrifugod,at 78,oo0

Aftor tho additiOn Of a tvO thOusanath6 v。 ■unl●

to tho supornatant, thO ouDornatant ■iquid was

●

Thn nlnrrAatant

:i g for 60 rrinutes;

of 2-ncrcaptocthanol

slo:'od ovc:n'ight a!
0° C.,                                   

‐

S tCp う3  ,trOp tOユ yc■ n Su■ fatc IETOatnont ―――― Tl10 supcrnatant

f■uid was adjustod tO cOntain ■キ ng oF protoin por m■ by the additiOn

of O。 0■ M TEA― H9■  (lpH 8,o)cOntaill■ ng O:o■  M IIgC■'L and o・ O■ Y

2-morcaptOothano■ .  A twontioth vo■ iュ。 Of 20 % s troptottycin su■ Fato

so■ution in o.ol 卜I IE二_=C■  (pH 8。 o)and o.o■  M llgC■
2 Tas ,da°

d          .

to tho supcrnatant f■ ■■dら  ■ftCr stirring fOr ■ラ ロinutOs, thO   ノ        ・・

proci,itatO ras rCnov(,ct by centriruご a,ion at 18,ooo l1 3 =`r ■ラ n.nut.o3.

●
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Step 48  Fractionation on AmmO‐
  uユ Su■ fate 

―
 The Onzyme     ‐

80■■,iOn was brOught tO 与, % saturatiOn by the s■ ow additiOn       ‐
t

of a saturated 80■ uti,on Of nmmonium 61■ fate (ptt aajusted t。  7。 2).

After beinな  stirred For 20 minutes, the so■ utiOn was centrifuged

at 20,000 x g for 2, コinttes.  The precipitate was disso■ ved in‐

a nin・ mum vO■ ulne ?, 0.92 M K■P04 buffer (pH 7。 0)containing

O.0■ M 2-mercaptoethan。 ■ and the 60=utiOn was passed thrOugh  a

Sephadex G‐50 0o■umi prev■ Ous■y equl■ ibrated with 9。 02 M K‐P04

buffer (pE 7.0).  To the ёff■uettt a‐ 6ixtieth vo■umo of saturated

ammonュ um su■fate s。■ution (,H 7.2)land a thOusanath v。 ■ume of

2-mercaptoethano■  were added and stored overnight at O°  C.

、  Step ,8  Ad89rptiOn‐ ana E■ution on Ca19■ u“ Phosphate Ce―

The ammontum sulFate fraction was di■ uted tO● ontain 10 mg of
.0.02

protein per ■■ inth   .M■、K‐P04 buffer (pH 7.0)99ntaining O.0■  M    ‐.

2‐ュeFCaptoetha■01.  Caユ Cユum p●Osphate ge■  suspension (4o mg

dry weight peF m■ )wa6 addea tO the‐ 。nzyme so■ution at a ge■ =

protein ratiO (mg ary weigれ t per mg)Of o。 7.  The pH 6f the

Su,p01SiOn Was brought t。 ラ.ぅ Oy the addition of ■ % acetic acia.

After stirring for ■O minutes, the ge■  was co■lected by centrifugation

at 80oOo x g fOr 7 minutes and washedlonce with 2,0 ■■ of O.02M

K_POキ buFfer (pH‐ 7.0).  ■10 0nzyme was e■ ut● a w■ th tw。  250‐ 4■

」ortio16 0f O● ■ M K‐P04 blfFer (pH 7.0).  To tll enZyme solution

2‐mercaptoethano■  was added at a fina■ ●OncentFatiOn of O。 0■ M。

●

●
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Step 68  U■ tracentrifugation at 269,ooo lx 8~The prOtein

of calcium phOsPhate ge■ fraction was preciPitat● a by lラ % Saturati04

w■ th regara to nmmon■ um 8u■ fate and the precipitate was dis80■ Ved

il a minitェ vO■un, Of °002 M K‐P04 buffer (pH 7.o)●Ontaining

O。■ M KC■ , ■ mM DTA ana ■ mM DTT.  The enzymo,60■utiOn was

ai■■y7●d against 2 ■ of the 8^m, buFfer for ■8 hOurs.  The

dia■yzed enzyme so■ ution was centrifuな ed at 269,ooo X g fo, 2 hours.

The supernatant was poo■ Od and the tube` andl the surfaco of

precipitate were washea twice inth O,, ■■ Of the buffer usea

for the dialysiso  The eupernatant and waghings wore combiュ ea

and stored overnight at O°  C.                 |
ヽ

Step 78  Gol‐ Fiュ tratユon oュ Sephaaex G‐ユ50-The oolumュ

(6 x 98 0m, 10■ume OF 2.8 ■)Of sep●adeX G‐■50 was equi■ibrated

●●.Lth O● 02 M K‐ P04 buffこF (p事 7.9)lontaining o.■  M KO■ , l mM

DTA and O.■ mM DTT for 4 days.  Thirty twO m1 0f the co■ bined

enzym●  fraction were ■ayered on the top of the'81■ umn and)lunk

in the ge■ .  Then, the protein was gel‐ fi■tratOd with O.o2M

K_P04 buffer (pH 7.0)C6ntaining O。■ M KC■ , ■ mM EDTA, a■● 0.6 nM

DTTo  Each fraction, 20 ■1, was co■■ected at ■2 minutes intervaユ 8

in a time“ reg■■ated fraction co■ ■ector.  Active FractionO,wer●  poo■ ed

and concentrated by■■traFi■ tration.through tle Ce■■Ophan ltube

mounted in a vacuun chnmber.  The concentrated fracti。 . wag stored

at O°  C.                     1

ヽ
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Step 88  ChrOmatography On DEAE_Sephaaex A‐ 50-■ 0

oolumn (2 x め  cm)of DEAE‐ SOphadox L5o was equi■ibrated Overnight

inth O.02 M K_POtt buffor (pE 6.5)● ontaining 10% g■ yo● rO■ (v/v) ・ヽ

and O.05 M KC■ .  68 1n■ Of Fraction VII cOntaining 22■  m8 0F protein

werO di■utea tO ■o2m■ by the additiOn of 20 m■  。f each of g■yoero■

and water.  The di■ uted 60■ution was p■aced On th●  tOp       Of th●

′″「PEAE_Sephadex.  The cO■ umn wa5 8uC● eSsive■ y washed w■ th o.o5 M KC■

cOitainュ ng O.o,M K_P04 buffe= (pH 6。 5), ■o%g■ y●erO■ 9 , EM

2‐mercppto,thanO■  and   ■ mM EDTA, and with O。 2 M KC■ cOntaining

O。
92 M K‐

POキ
l buFfer (pH 6。 ,), ■o % g■ycerO■, 5 mM 2‐ m●rcaptoetha■o■

and ■ mM DTA.  Enzyme prOtein waB o■ utea with a ■ineer 8radi●nt

b● two● n 4oo m■ Of b.2 M KCユ oOntaintng 10 % glyo●
「
o■ , 0。 02 M K‐ P04

buffer (pH 6.5)9 5 mM 2‐■orcaptOethano■ ,and ュ EM DTA and 4oo m■

of O。 5 M KC■ Of thO snme 30■ Vent.  Each fractiOn (■ラ ■■)wa●

oo■■octed at ■, DInutes interva■ 6.  E■ution pattern wa3 8hOWn in

Fig。  ■.  Active fractiOns were poO■ ed and cOncentrated by ■■trafi■ tratio五

thrOugh   aia■ysis membrane.  Thelconcentratel enzyme s。 ■utiOn wa8

brought to ,0% (v/v) with respect tO g■ ycer。■ and the s。 ■ution wa8

stored at ‐20° C wit10ut Significanl ■0,8 0f aCtivity fOFi Sev● raユ   
・

mOnth80  The r● su■ ts Of the fractiOttation are shOwn in Tab■ ● ェェ.

The purified racomatte hod a specif■ 6 activity a5o_fo■ a llgher than

the crude extract. The ovも ra■iy■ o■d“8巧 %・ ・ |  |
| | |    _|          ..
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Fig。  ■.I Chromatography Of pheny■ a■an■ne racenaEc on DEAE-
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Sophadex A-5O.

Protein (ZZi- ng) conprising the active fraction from tbc
:

Sephadex G-15O coLumn was placed on a DEAE-Scphadex column
:

(Z x z5 cn), and washcrd. with 65 nt of, o,o5 M KCl-buffcr solution

and 1]0 ml.of O.2 M K0l-buffer solutlon. Thc cnzyne protcin

wae olutqd rnith a Linear gradient of fCf concentration betwccn

0.2 M and 0.5 M. The fllow ratc was 50-58 nl/hour and Lt-

14 nl fractions were coL.Lccted. Each fraction was tcetcd. for r&cenaec

actlrrlty by adding zO-pl. eanplco to tubca of thc etandarcl reactLon

nlxture. O I abnqbenel at 2Bo np; tD r r3oGeasc agtivLty.
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TABI,E II

Purification of PhenyJ_aLanine racemase

of Bacill-us brovis Nagano

Assay conditlong were the 
,serne 

as described. in thc mcthod

section except that KF (tO pnoles) was added.

ヽ

Fraction
Toua・ pr9tein

l(五g)|

TOta■

activity

(mil■■‐units)

Spccific
acti-vity

(niftt-ut:.t,e/
ng protein)

I. Crude extract

II. 78r0O0 x g superpatant

Itf. Strcptonrycin trcatrnent

rv. (lifit)aso4, o-4s yt saturation

v. car(noU), sel eluate

VI. 259f OOO x g 6upor:n,atant

WI. Gel filtration on Sephadox
c_150

VIII. Chronatography on DEAE-
Sephadex

,92|4OOl

45,6oo,
,

I,,
', I lJoO

LrgSo

,582

226

58

,,544

,,472

5,多年4

21,500

ぅ,o■8

2,0■ 4

■,4■ 8

879

ooo6

0.■ 2

o.6o

l.57

ぅ.46

6.26

■,。■6
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B. Characterization of Phenylalanine Raccmasc

I, Honogcncity of Purificct Phcnylalaniac Racemasc

Wbcn tbe phenylalarine racemasc waa purifJ.ed by chronatography

on DEAE-Sephad,ex, a eingle band of protein wae clutcd iiith a

gradicnt of 0.2 M to o.5 M KcL (tr'lg. 1). Thc cnzyne activity
cJ.oscly qaraLled tho protoin, aB etqrectcd of a purc cnzJmo.

Thc purified phenylalaninc raccmase scdinentcd aa a einglc

homogeneous protcin on a sucrose d.cnsity gra*lcnt (tr'ig. 2). The

SAO, s detornJ.ned for thc racemase was 5.L S ueJ.ng catalasp as

a standard nlth t2;7211.J s. an apparcnt norccurar wcight of19t W

the raccnagc ras calculated to be 100ro00. puritl of tho gurlfiOd
la

enz]rmo wae also denonstratcd clcctrophorctl,caiy by clLeo elooirophorceis

on acrylarn{dc gc1 (tr'ig. t). Thcre wgro obecrvcd. thc nain band

comcsponcling to the recenaac and, othcr faint banda. llhcec

findinga indLcatc that thc purificd, cnzlmc is ncar honogc4coue.
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Flg. 2. Sucroee denai.ty gradient centlifugation of a nlxture

of phenyLaLaninc raccmaae and catal-ase'

Scc thc nctbod eection for thc c:qlerincntal dctal}s. Fig.

2a. phenylalanine racenase, D- and L-phenyLaLardnc activating

activity and cataLasc werc detcrnincd. Fig. 2b. For the

scanty of the amount of cach fraction eupplicd for thc

measurqmentg of four enzyne activitieso the othcr one of thc

three tubes was used for thc dctermination of thc protcin

(aftcr lowry ct aL. ) and tbe activating activity. It w'ILL be

ehorn in the text that tba racenase is idcntl.cal w:itb thc protcin

capabLc of catalyzing the activation of phenyLaL"*_ot'.-* 
.- ..'_1=i...
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:0     20
FRACT:ON NUMBER
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Flg. 7. Polyacrylanldc gel electrophorcsis.

10o-pg protein from Fraction VIII waa applicd, to a

polyacrylnnr{d6 column (0.7 x 8.5 cn). Elcctrophoreaia tras

camied, out for 6o ninutce at 6 nirLianporca pcr tubc. scc

thc tcxt for thc e:qrcrinental. rlcieile.
.l
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2. Effect of Tenperaturc on Rcaction Ratc

lbe LnitlaLratc was narimum at 7?o C and bcgan to falL at

4?o C. Thc actLvation cnergy of L-pheaylalaniac raccuization waE

estinato,l at tenperature betweon 22o and ,?o C. When the

Iogarithm of inttial ratc (tog v) wae plottcd againet thc reciprocal

of tbc abeolute tempcrature Q/f), a straight lino was obtai-necl.

fhc activation encrgy was calcuLatcd fron tbe elopc of thc linc

(l.ig. 4). A value of 10.9 x Lal ca;/nolc rae obtaincd.
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tr'ig. 4. Anhenius plot
of, Ir-phcnylalarulnc as e

L2.5 tLg of Fraction vrrr

of the rate of the raccnlzaH-on rcaction
fuctioa of, rccLprocel abeolutc tcnpcraturos.

f,erc uscd.
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C. Proportios of PbenylalanLno Racenaee

1. Iii.nearity of the Reaction with Enz3mc Concentration

lbe proportionarity of the reaction wlth cnzJree conccntratioa

ie eholri in F5,g. 5. The Lincar relation pcreleted up to O.Zfi ng,

or protcin "":. tt;,:'r::::"lr"ll" 
Racenization Reacrion

Fig. 5 represents the rclationship botwcen thc incubation

tinc and thc racenlz.ation rcaction w:lth L- or D-pbenyLalanLnc ae.

substrate. tfbcn the convcrsion of L-phcnylala,4inc to tbo D-ieoncr

wae meaeured, thc rcaction wae fairly linear rith tinc up to

!0 uinutoe and tboh lt lcvclod sff 8reduallyr Wbon tho aonuorslsn

of D-pbcnylalanine to the L-ieomcr wa6 mcaaured, thc rcactLon

procccded at slowcr rato than thc convcrcion of L-phcnylaLanJ.uc to

thc D-isom€r.

7. PhcnylaLaninc Saturation Curvc

When idtial. vclocity was plottecl against thc J.ncrgasing

concentration of L-phenylaraninc, thc hypcrboric curvc vaB

obta-ined (fig. ?). The enzlme waa eaturate{ +t tbe concqntration
_5of 5 x 10 - M. Tho valuc of Ifu for t-phcnyS.alenJ ns ras calculatcd

to bc 2 x LO'5 M fron the Linereaver-Burk plot.

4. Effect of ATP

In I'ig. 8, thc rcLation betwecn thc cnzync actlvity..and ATP

concentration le ehomr. In thc aleeace of $lP no enzlmc actLvJ.ty

●

●
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Fig. 5. PropotionaLity of reaction ratc to cnztrrme conccntrau.on.

firc aesay cond,itions worc thc eane as tboee Ln thc ncthod,

scction cxccpt for O.O5 M TEA-ECL (pH 2.8) used. Fhc anountg

of cnzyne of the calciun phoephatc geJ. fracfi.on wcre uecd a6

indicatcd.. r i

7.5

o 6e.5 f 25 224_- JCO
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Fig, 6.  Dependency Of the racem■
z』tiOn reacti6■ On incubat■0■

tim● .                                     .

Th● reactiOn mixture containea ■25 11mo■ o8 0f TEA― EC■

(PH 8.o), 5 ■m。■e3 01 ATP, , ■mole8 0f MgC■
2' ・
25 'mo■ os of

DTT, 2.5 ■molo8 0f EDTA, 2。 5 ,mo■ o8 0f PPi, ■。125 mg OF enzy■ o

protein fFom th6 ca■ cium phosphate ge■  fractiOn and ■25 m■■0■o8

of L_pheny■ a■anine.U_ 4c for ■25 m■mo■ es OF D_pheny■ a■anine‐ぅ_ 4c

in a Fila■  v。■ume oF 2., ■■.  ぅ00‐■■ portiOng of the reactiOn
m・ xture were removed at the ti■ 08 indiCated, and the amOunt Of

D‐ ぬ"d Lpheny■ a■anュ■O fOrmed was determined by: _amino‐ acid

ox■ dase    Or L‐ aninOtacid Oメュda,ご 9 re6peCtiv●ュy。  |            .
―●―D“Pheny■ a■attno fOrmed per 6.5 .■ 。f reactiOn mixture

‐0‐ L_Ph●ュy■a■anine formed per O.5 ml of reactュ on mixture
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FLg. 7. L-PhenyJ.alardne eaturation curvc .

Assay conditions woro thc seno as dcscribcd in thc tcxt
cxccpt for the L-phcnylaLauine cbncentration aE LndLcated.

L2,.5 lLg of FractLon VIII was ueed.

50
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Fig. 8. Effect of ATp concentration on enzJ:ne activity.
Assay cond.itions were the eamc as dcscribcd ia the ncthod

section except that the ATp concentration waa indicatcd. L2'5

pg of Fraction VIfI wcre ueed.

ATP
2            3

CON CENTRAT:ON 〔mM)
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'wag detected and activity incrcased vrlth the increaslng amounta
\

of AlfP.. Eigher concentratl,ons (up to 10 !nM) of AfP showed no

inhibitory effect. The value of Kn for AIP in tbe racemase

reactl,on was caLculated to bo L.5 x tO-4 tt from the LLnefledyor-

Burk plot. Of the nuc1eoside phoephatce teetetl, ASP was found to

bc m.ost effcctivc in the reactLon (TabLe III). IDP was effective,

but the degree of activation was onJ.y L5 % of that of ATP. In
.thc presence of J nM KF', whicb was an Lnhlbitor of adenyLate

kLnase, thc effect of IDP decreasecl to 1O % of that of ATP.

Otber nucJ.eotides, such ae AMP, GTP, gTPr UTP' and T[P, Tae;

found to be inactive in this. reaction. Since the eaztrme

preparation (calcLum phoephate gol fraction) contained. adenylate

iclnase, it pay be conclucled, that only ATP waE the activc nucleotLdc

for the reaction.
:

', 5o Effect of Magnesium and Other MetaLs ri ii
t'Fig. 9 sbows that thc atlclLtion of increa6ing angunts of

Mg" up to O.5 nld to.the reaction ni.xture lncreaEed t,be reactiou

velocLty. Ihe enzyme activity in thc absencelof addq$ Mg++.,rae

lese than 5 % of the actLvity lnitUe presence of Mg+].,
a,4

I*Intt jLon had. a Einilar leve1 of actlvation,-as Mg++.

$rc actdition of netaL ions (e nu)' 6rch ae Ca++, Ni*1, Zo**,

t?**, Fa**, A1+++'r and Fe+++, to the reactLon nLxtur6 Lcontal,niag c ..

Mg" showed, no etinulation of enztrrne aotLvLty but rathcr

tnhibitory ef,fects (tatle IV). , l'
i ;.
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TABLE III

Effect of nucleoeLdc phoephatea on thc ratc of, phcnyLal4ninc

racemization

Tbe rcactioa nfuiture wae that dcscribed in the nothott

scction exccpt that [EA-IIC], (pE ?.8) was used and tho indicatcd
a

nucleotidee werc added. o.z$ ng of protein of caLciun phoepbatc

geJ. fraction was uscd.

ゆ

Add■ t■ons

(■■0108)

D-Phcnylal.aniae forncd
(npmoleo/lo n"Ln)

●

NO五●

空

"9■
ADP,■

ADP, ■ and KF, 2.5

AMP,■

GTP, ■

CTP, ■

UTP,■

TTP,■

●060ラ :

,.■ 0

o。 8ぅ

0。 ,9

0.00

ooo4

ooo4

o。■6

0。 0,

●
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Fig' 9' Effoct of Mg+* 
"oo"ootration on enzJmc activity

Aseay con*itions wcrc the same as deecribed, ia lcgend,
of Fig' J except for MgcJ-, coacentration as indicated.
0.225 ng of enzJme protein fron the calciun phosphate gcr fraction
was used.
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TABI,E IV

Effect of, varlous notal ione 0n raconaEs rsaction

. assay conilitions were the sa.ne as described in Iablc III
i';
"exc.gpt for the addition6 of varLous netal ions. 0.225 mg,
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Additiona
(pnole )

D-Phcnylalan{ ne

formed'
(npnoles,/fo nin)

●

●
　
　
一ヽヽ

■.77NOne

EDTA, 0。 ,   
 `           ｀ 1  ‐         1  10・ 26

1 1    1ち 。45 1MgC・
2'1三吉     :   1 1      ‐4."

IMユ
C・
2'1三も  |    || 1 1 1::%

´         1  1   1

1 MgC・ 2' ・
°°
                1  1   1    lⅢ          …

| | |   |   || 14.■ 9  1`:
l  p■
us  CaC■

2' ・ ・
°
          .  :   |

| 1 1   12.7,
|    '    CuSO年 , ■。°          |  :   |    、           : :
l                        r  l  l   1        2.90
1 ‖ LS04,■ 00

111  Юぅ多

…

‐   |I    ZnS04' ・
°°

‐   |       1 2.44   
‐

・・   C° C・ 2' 1°
°
               .

| " FeS04(平年)2S'4'・°0111 1  `|■
・イ

| ‖  A■ 2(S°4)3(NH4,2S° 4'1・ 9 1    0・°う
|   |  ♂    | ■.84

‐   |I    FeC■ぅ| ・
°°
            |   |
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6. [ffe et of p]i

In Fig. 10, tho reaction ve-loc:Ll:l.so of D- anci L-phenylalan'ine

forrnation from each of the isoners in TEA buffer arc p3-otted.

agai.net the pI'I of the reac'l;ion mixt.ure, The pH ol ihe reaction

rcixture was determined by a Boclcnan pli neter lrith a nno-drop

electrode. fhe reaction of the foriaation of D-pirenylalan-ine from

the L-isemer had a pll opt,i-rnum between pII 8.2 and pE B.S and the

volocity increased vrith pll upto 8.4, while on the.'fornation

of t-phonylalarj.ne j*'on the D-isoner {:he velocity vras not so

much affocted by pII ch.anges and tbe reaction had a pll optinun

botwoen pH ?.5 and. pH 8.0.

I

7, Activation by PPi and, AIIP

In the as6ay in rvhlch the reaction was caruied out w-lthout tb,e

add.ition of PPi and I$' (3il, the enzymc activity was very weak in the

crude extract and. varied frorc preparation to preparation.' As shown

in Tabre v, the ad.<l:i.tion of PPi together lvith KF increased, the

enzyne activity 8-rota, lnd,icatj-ng that inorgan:ic ipyrophosphaiase
iin the crude extract might be ini;erferi.ng vith the, reaction. rn

another o4periment vrith the uso of the purified. enzyme (rabre v),

it was observed that the adclition of PPi increasea: tn" enzyme

actlvily appreciably, and. that the sinultaneous presonce of
PPi and, lnorganLc pyrophoaphataoe dj-nr:irui-shed. the aetivity1!o

3A % of that Ln the absence bt inorganic pyrophosphg.tase. .:
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Fig, ■oo  Effect Of pE On the rate Of the D_phenyla■
anine

FormatiOn and Of tle L二 pheny■ a■ anine Formation.

The assay cOnditiOns wこ re the same as a。 .crェbed in the
text excelt for the TEA_五

c■ buFfer u● ed and Llheny■五■anino_
U‐ 4C or D_pheny・ ■a■anine二 31・lc usede  ■8。 8 ■g of FractiOn
VIII wer` μsed.
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‐ T郷 口 V

Requirement of inorganic PyrOphosphate for pheny■ alnni ne

racemization

Assay conditions werc tb.e eane as dcecribcd in thc text

exccpt for tho ad,&ttions indicated..

E理 . Enzlrne prcp. AaditiOns

(Imo■es)

D-Pheny1alan{ nc

. forned
(mpnolee/lo ntn)

●

】口「 ,

1口
「 ,

1口r0

KF,

2.5
■0。 0
20。 0
,Oo0

0.,3
多.62
多.9,
2。,2
0.2多

2。 36

Crud.e cxtract
2.1 ng of l
protcitt

PPi, 0.う
PP■ , 0。, and
PPi, 0.5 and
PP■ 9 0。 ,｀ and
PPi, 0。, and

KF, ■0。 0

II

DEAE-Sephadcx
fraction
18.8 pg of
protein

no ne
PPi, o.5
P:lis:j,電

:∫:量ld 
‐

PPi, 0.5 and PPase o.2
2.0

PPi, 0。 ラ and KF ■0
PPi, 0.ラ , KF, ■O and
PPage, 2.O units

‐   4.■■
1   ,。 98

6.■ぅ

un■ t   多.2■
unit   ■.7う

6.89,

7.う 9,.
●

1) ftro tubc contalnJ.ng PPasc

bath for 9O minutcs. Bovine

dLd, not inhibit tbe raccmb,se

was Lnmereed for a bolling :watcr

acrun aLbunin (fOO pg of pqoteJ.n)
I

Ln anothcr scrl,ce of 
, 
c6pcrf.ncnts.
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Addition of KF re■ oasedlthe illllibitiOn by inorganic pyrophOs_

phatase.  The bOi■ ed inorganic PyrOphOsphatase ana bovine serum

a■bunan did nOt rep■ ace ■nOrganic pyrOphOsphataso.  ThOse resu■ ts

indicate that tュ O enzylllto actiOl■  was activatod by PPi.  Tl■ e optimum

eOncentration Of PPi was found tO be O.2 nlM t0 2 ュM (Fig. ■■).

The exCess arnOunt Of PPi was Found rather inhibitOry.

Iザ is seon from Fig. ■2 that A(IP as we■■ as PPi had the

e:fe9t On the racemase activity, but that ADP Or Pi did nOt.

When the racemase activity was deter鵬 こned at the ■Ower

concentration OF DTT and at tho 10wer pH, the enzyme ac、 主vity is

negl■gible.  The addition OF PPふ  or AMP to th二● TeactiOn mェxture
ヽ

Cau8ea the sevOFal rClld Onhanconent in the enzymO activユ ty. `In

the simu■taneous lpresence of AMP and PPi, the enzyme actilvity

was enhanced reparkably ana becnme near tO Or higI.er th,l the

activity undor the usua■ assay conditiOns where the higher

concё ntratiOn oF DTT (0.o, M)ana the higher pH (pH 8.6)"erё

usedo  The stinu■ ation by A卜IP in the presence Of PPi shiFted

to the ■ow cOncontratiOn3 0f 題
'P.  This finding showed that

there OCCurred the cO_Operative interactiOn between A14P、 ■nd PPi・

0

り
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Fig' 11. Effect of potassium pyrophoephatc conccntratioa
on enzJrme activity.

Assay conditions wcre the same as described in thc J.egcnd,

of Fig. 5 exccpt for.the ppi conccntration aa indicatcd.
0'225 ng of enzJru.c protein fron the carciun phosphate gcl
fraction uae u6ed.
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tr'ig. 12. Effect of ADP, Al'IPr PPir and

reaction rate.

Aesay conditions were the samc as

cxcept that O.I M TEA-HCI- (pE 7.8) and

with increasing concentrations of IDPt

in thc prclsencc of the conetant amount

Pi concentratione on thc

aescribed in the   text

o.oo, M DTT wore used

AMP, PP■  o, Pi or AIIP

of ■ mM PPi.
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悪豪

8.  EFfし ct of Thio■‐Compounds i          ‐

Tl■e eFfoct Of thiO■  compounds on onzyme activity is shom

キユ Fige ■ぅ。  As DTT was aadOC =■ ■:ュoreasing amounts to the

r`action miXtuiき , aラ .8-fO■d actiVatiOn of the ve■Ocity Of

PTP'9411all叫 lei Formati61n f10m l卜
e L・‐
・ 6°
ner attained at O.■  M

OTT.I When the foFttation Of L二 手:`ny■ alanine from th●  D‐■60mer

WaS111aぉ lred in vaFy■ ng attoullお  。f DII・T, the ve■ oci ty was maxintunL

at th, 6■mi■ar concentration of‐ DTT to that of the D― pheny■ a■anine

FormatiOn, vri■ eroas the stinu■ ation by DTT is nOl so prOfOund as

that in D―phenyla■ anine FOrmation.  Higiter concentrations of

DTT had aュ inhibitory Offect oュ tho reaction.  Of DTlr 4na 2-

mercaptOetllanol tettted, DTT was ttore eFfectlv9 (ぅ 年).

.  19.  Inf■ uence of PH and ThiO■  CoF●pOundi on the Ratio

of D‐ to LttPheny■ a■anine at Equilibriu菫  oF the Reaction

lt was descr■betl above that the ■n■ tiall ve■ oc■ tieslof

D‐pheny■alanine f6rmatiOn frOIIxl the L‐isomer were considerably

hfFeCtea by the concentrations of DTT attd pH ,hanges (Fig:. 10,

■多),'もut that the ve■ ocitie6 oF L‐phenyla■anine Forttatidtti Flom

the D二isomer wero not affectea by these variab■ es.  Thettё    .

rindittgs indicate that D/L=phcnyla■ anine ratio wa■■ varサ lac● Ording

tO the assay c6nditionぉ  and this ■ed us to determine D/■■

0

●
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tr'ig. !3. Effect of DTT concentration on tbe rates of D-

I phenylalanine fornation and of L-pbenylalanine formation.

The assay conditions were the sane as described in the

text except for the conccntration of DTT as indicated and

O,L M TEA-ECI (pE ?.8) ussd.

r D-phenylalan:ine forrnsd from L-phenylalanine ;

, L-pbenylaLan:Lne formed fron D-phenylalanine.

5。0

D‐ PH巨

■0

2。0

L‐ PHE
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pheny■ a■anine ratiO at equi■ bria oF tho reactiOn under the

variOus assay cOnditiOns.  Whon thO enzv■ O cata■yzed the formation

Of L“ and D“phony■alanino frOm oach Of the isOnlers in the experiment

in which the roactiOn ttixture cOnsisted OF O.0ぅ  M TEA‐ HC■ (pH 8。 o),

2 mT4‐ ATP, 2 mM MgC12' °°°l M 2-mercaptoethanO■ , the enzyme and

O.05 mM of L_ Or D― pheny■ a■ anine, the racom■ c  mixture of L_ and

D“pheny■ a■anine was fOrmed at the equa■ ratO frOm bOth isOmers

(Tab■e vI).  Thus the va■ ue of tl■ e D/L ratio was ■ undor theses cOnditions.

When the eヽnzyme was incubated 17ith O。 0, M FEハ‐EC■ buffer (bH 7.8).

2 mM.ATP,2m14 YgC12'°・∞ M pTT,1■M EDTA(PH 7.0),l nM PPi

(p耳 7:0)and o.oぅ  m140r L"phcnylalaュユニe, the ■,itial v● 11city of
ヽ

D■phenylalanino fOFmatiOn was faster than thlt of L‐ pheny■ a■ihi ne

formatiOn and the D/L"pheny■ a■ainne ratiO was determined tO be

7/3, at equi■ibrium Of tho reaction (Tab■ e VII)。   When the reaction

reaclled equ■■ibr■um ■n the cxper■ment in Thich the reaction m、 xture

contained O.■ v TE.l_EC■  buFfer (pH   8.6), 2 回II ATP, 2 411 MgC■
2

0.0, M DTT, ■ myA ED TA (pH 7。 0), ■ mM ミュ
キ
P2°
7 (pH 7.0), 1‐

‐ Or          i   .

L‐pheny■ a■anine and an appropr■ ato amount Ofionzyュ 。, the、 initia■

ve■oc■ ,y of D‐ pheny■ a■anine fOrmation was fa,ler ‐han thll 。
= Lニ

phenyユ a■an■ ne FormatiOn and at oquュ■ibrium the resulting,7n■ xture

oF D“ and L_pheny■ a■anino was cOmposed OF the p/L_pheny■ a■amine

ratiO Of 8/2 (Table vIII).

●

ら
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ヽ

TABI,E VI

Racemi c equiJ-ibriuro of phenylalanine racenization

Reaction mixture was 5 times J.arger than the one as

described in the text. 2.)2 mg, pro,tein of 2nd calcium phosphate

gel fraction which was obta-ined by purifyj.ng the caLciun pbosphate

get fraction with alum:ina gel- Cr and 2nd caLciun phosphate ge1

treatmen[s.

hnё

(減 n)

D―Ph6ny■ a.■anine

(m■mo■es)う
)

L-Pheny}aLanine fott"d2 )

(*prot"s )J) (%)
fot*edI )

(%)

0

0

リ

30

6o

90

■20

0.2

4。 o
ヽ

8.ぅ

■2.:'

■2.9

■3.7

o.8

■6。 0

う2.2

50。 0

,■・ラ

,4.7

0。 2

6.■

8。 4

9。 7

■2.5

■■。6

o。 8

24。 4

33.6

多8.8

5000

年614

●

1) L-phenylalan:ine-u-14C (i Vc/lrwole) served as substrate.

il D-phenylalanine- 3-I4c (fo pc,/trnole) was used ae oubstrate

t) fhe valuc wa6 erpreseed ae the anouut of phenylalanine

per O.) nI of the reaction mixture.
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TABI,E VII

Racenlc equi3.ibriun of phenylal-anine racerrization
Reaction n:ixtu.re was 10 ti.nes larger than the one as

described in thc text. 4.5 mg protein of calciun phosphate

gel fraction were used. fOO pt portions rere withdrawn at tines

indicate.d and L-phenylalanine remaining and D-pbenylaLanine formcd

were deternined. as described in the method section.

Tine

(min)

L-Phenylalanine
(*p*oru" )1 )

renalnJ.ng
(%)

D -Phenylalanlne forne d
(*prore" )r ) (%)

0

■5

う0

6o

■20

■8o

24o

ヽ

23・ 6

■6.5

■■。5

8.2

7.■

7.ラ

年

　
６

　
６

　

う

８

９

６

４

う

２

ラ0

0。ぅ

8.■

■2.8

■6.6

■7.キ

■7.4

■8.2

■

多2

,■

66

70

70

7う

●
■)The

O・ラ m■

valuo wa6 erq)ressed as the

of the rcaction nixturc.

amount of phenylalanine per

●
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TABLE VTII-I
Racenic equilibriuro of phenyl-aLan:ine racemLzatj.on

Reacti.on mixture was 10 tinres larger than the one as

described. in the text. 0.5 ng of enzyme of Fraction vrrr was

used. At 6t ralnutes , o.rz5 ng of enzyme protein was futher
added. I00-pf portions of the reaction mixture were withdrawn

at the i.ndicatod tines. L-phenylalanino-u-14c (5 u.c/vnole)
wa6 used.

●

Tine
(nin)

L-PhenylaLanine
(np*dre, )r )

reュaining

(%)

plPheny■ a■anine Formed

(麗転理。leb)1)    (%)

0

■5

う0

6o

■20

■8o

24o

26.7

■5.多

8。 4

4.8

4.9

4.■ 1

5。 0

9■。0

6■ .キ

3う。ラ

19.与

19.う

■6.4

20。 2

0。多ラ

8。 4

■5.6

22.0

20.8

2■ .■

2■ .4

■e4

うう。7

62.う

88.2

8多 .■

84。 6

め
`5

●瓢
　
ぽ

ゝ

″
　

■

■

　

　

■

value was e)ieressed as thc amount of phenyLalanino per 0.)
the reaction nixture.

●
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TABLE VIII_工 工
●

Racem■ c equ■■ibrium of pheny■ alan■ne racem、 zation

The assay condition was the s^7ne as describod in TABLE

VI=エーエ except that D― pheny■ a■anino― ぅ1・
4c (.。

 .c/1L■ o■o)wis

usea as substrate.

Time       D‐ Pheny■ a■anine remn■ ning     L‐ Pheny■ a■anine forlned

(min)         (mllmo■ es)・
)     (%)          (m■ mO■es)・ )     (%)

24.? g?.4 | 0.65 2.5
●

０

リ

メ

2ぅ。9          89.9

2』。8         88。 2
6o zo.z 87.5

Lao rg.z zals

2.17         ■0:■

》oO   .    lヽl・ 8

4。lo         ■6.ぅ

ラ:ぅ           2■ 。5

4。 4          ■8。 o

ラ.,          22。 ラ

■8o

24o

■9.9         82.0

18.8         77.6

0

t) tUe value wae expt:essed as the amount of pbeny}slanine per

O.5 nl of tho reacrbl.on nixture. ' , 
;
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0

/i＼く
\.

. These resuLts indicate that the ratio 'ot D/I*phenylal.anine

at equiLibriun of tho reaction changes with the a66ay conditi.ons,
a

that ier the initial velocities of D- and. L-phenylalarrine forhatiol which are

dcpendent nainly oa the concentrations of thiol conpound and the

pE of the buffer.

10. Substrate Specificity of PhenyLaLanine Racemase

The lbenylalanino racemase catalyzed only the conver6ion

of l-phenylalaaine to the D-isoncr and vice J,9.L,a3. L-fryptopbanr

t-tyrosinor L-vaU.ne, and L-leucine were not converted to the

. D-icroners by the enzJrme (fatte tX). The enzyne acen6 to be
,/

specific for phenyla3.an:Lne. :

lL. fate of AfP during the Reirctio'' of thc Racenization
.l

"i".. Tbe hypothetical" reaction nechbnlsm of ATP-46p6ndent phenyL-

alarulne racemase doscribed in |IINTROOUCTIONI suggests that the

a.mountl of AIP uril]. not decrgase with the reaction of phenylaLanine

racemization. To elueid.ate ]the reaction rnecharrism, it was

exanined whether AtP 'w,ru1d. be consumed d.uring the reactioa of
ai- phenyJ.al-arulne racenization or not ., JabJ.e X presents evid.ence

that \ molecuLe of AI'IP was formed w'Ith L nolecuLe of D-phenylaLanino

fornatibn. Tho d,ata are consistent witb the assunption that

ATP is used to activarte the phenylalan{ne to the activated

phenylalanine such ae; phenytalanyl adenyJ.ate whLch is to undorgo

tho racenization. :'

『

イ
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TA T.E IX

substrate specificity for the raceni.zation reaction

The roactlon mixture was the same a6 described. in tho

text oxcept for 25 nprnolos of each of the fOllowing arni no acid

used as a substrate; L-phenyla1anir,"-u-14c (5 trc/pno]-e ) , L-

1/ rl'

tryptophan-3-r4c (tA pc/Vnole), t-tyrosine-U-rag (tt.B pc,/pnoLe),
ir,

!-varine-u-14c (5 pc/pnore) and L-leucine-U-14c (5 pc/p'aole)'

1B.B pg of fraction VIII were ueed.

●

Substrate '
D-Isoraer forned

(&pnol,es,/50 ntn)

\ / t.o
L-Phcnylalaulne o. 'io

L-Trytrrtophan ' 0'00

L-Tyrosine 0.00

L-valine o'oo

L-Leuciae o'oo
●

ヽ
サ
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fABI,E X

Fate of ATP d.uring the racemase reactlon
o Reaction nrixture contained ln a total, voLuqe sf O.5 mI

the followiags: 25 pnoles of fEA-HCl buffer (pE 8.6), 0.572

pnoles of ATP (5t?r92o cpnr), l- pnole of MgCl'r, o.5 irnolo of

EDTA (pS ?.O), 25,pnoles DIT, O.) pno3.e of PFir with and rritbout
rlr

225 qmoles of L-phenylalanine-u-"-C (to3r00o cpn)

' .2.5 lrmoles of KFoand 250 pg of enzJme protein of
7/

Fraction VIII. Reaction tinre was ]O minutes. D-Phenylalaalne

forned aad the anount of AfP, .0DP and AI"IP were detern:lned as

a described in the nethod sectlon.

、    Aaenine nu。lootides
lttput            rottmed        ‐R°°°VeFy or   D‐Phe

90nこtiOns   ATP   ATP  ADP  肥   響°・
00■
16.‐  for“ ed

(m■mo■es)        (m)ュ o■o6)           (%)       (■■m。■es)

Without Phe     ,72       48o.8  24.9   1.8       88.8
Without Enzyme  572      486.2  26。 4   6.6       90。 8    ‐

.    menn3  ,72      483。 ぅ  め.7   4.2

Comp■ etも       ,72      4ぅ 多.9  ぅ■・多 う2.2     1 9■ .9        46.6
:||●

Sum 81        '72       49.6  ラ.6.48。 o 46。 6    `

Ratio8 ATP    ADP    遭IIP
D‐Phe  D― Phe  D‐ Phe

■.o6  く、く量,  1.0う
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L2. Effect of Inhibitore of pyrid,oxaL Phosphate
o

as described previousry, pbenylalaniae racemase roquires

ATP for 5.ts action, whersas other racemasea are known to requlre

pyri.doxal phoephate, or FiD, or both for their action. Ihus the

effect on phenylalanine raoemase of various inhi.bitors of
pyridoxal. phosphate-contai.niag enzJrmes was studied. Ae ehown

in Table'XI, the preoence of the inhibitors did, not have any

inhibitory effeet on this reaction. fh,ereforer it eeens

unJ.ikely that pyridoxal phosphate is involved in the phenylalanlne
t racenass reaction.

●

“
）

0
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.                      TABLE XI  I

Effect of inhibitOr8 04P pyridOxa■  phOsphate_enzyme on pheny■ _

a■anine racemase reacti.On.

rncubation tine was l0 ninutes at 374 c. Before the

rcaction was started, by the add,ition of L-phenylalanine,

preincubation was carried out for 15 ninutes at 7?o c xrttb

the various inhibitors. o.zz5 mg of enzyne protein of tbe

caLcium phosphate ge1 fraction was used.

Adaitions                    D― Pheny■ a■anine Formeci

(M)     ヽ                  :    (m秘五。10● )

None ) 4.54

Phenylhydrazine ZxIO-3 3.ZO

IsonicotinyJ.hydrazid.e ZxLo'l 4.zz
Hydroxylaninc2xlo-] 4.?O

Cyoteine Zxi':a-3 3.57
a KcN 2 x LO-] 4.2?

0

●
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D. Propertle6 of Phenylalanine Activation Reaction

rn tbe previous section rrr c r,1 it was shown that phenyl-

a].anine wa6 activated by ATP to undergo the racemization. fhus

r exarnined sone pro5rerties of the activation reaction of
pbenylalan:ine as the first etep responsible for the rac6mization

of phenylaLan:ine. It is described here that sone of the propertics

of activation reastion is separated from that of the overalr
racemization reaction of phenylaLanine.

Activation reacti.on was measured by phenylalan:ine-d,ependent

ATP-PPi exchange reaction.

1. time Course

fhe arP-PPi 
"*"li",r.gu 

reaction proceeded. Linearly up to 20.

ninutos with r,- or D-phenylalarrine (nig. j.4). The velocity of
)

the cxchange reaction dependent on D-phonylalani.nE was 6o to

?o % that d.ependent on L-phenylalanine. when both the D- and

r-pbenylalanine were simultaneously present in the reaction

uixturer the enzyne catalal.yzed the exchango reaction at

a rate elightly Lower than that dependent on L-phenyJ.alanine aLone.

This result ind,icates that a singre protein is responsibre for
both L- and D-phenylalanine activations.

Phenyl"alanine-dependent AMp-ATp exchange reaction was not

dctected under the sane condltions (Fig. 15).

`
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fig. 14. Influencc of incubation tine on thc ATP-PPi

exchangc reaction.

,",> The e:qgeriroental conditiong were described' in thc

methd-d- eectionrO.5 nI of the reaction mixture was incubated'

and 100-pL aliquots of the reaction nixture wer6 w:lthdravm

at thc isdicated times. Non adsorbable PJ2 on the charcoL

was deternined as described in the text. The valuc of the

cxchange reaction wa6 exprcssed as thc anount of PPj32 forned

per O.J nL reaction nixture. 6.28 fig of Fractl,on VIII wcrc llscdo
●

◆
　
ヽ
ヽ
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Fig.' lJ. Absence of AMP-ATP oxchango reaction.
ri

Scc the ncthrtcl 6ection for thc experincntal detatlg.

The vaLue of the exchange reaction lras expreseed ae the

rl.
anount of ATP-'!*C formod per O.l n3- r€action nixture.

Fraction VIII (6.28 irg) was ueed.
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2. Effect of D- and' L-Pbonylalardne Concentration

As the concentration of L- and D-phenylalanine waa lncreased,
a,

tbe initial velocity of ihe exchange reaotion was incrsased aad
_lr

the na:dtrun reactioa velocity was attained at 5 x LO M phenyl-

aLanine (nig. L6). The Ifu vaLue for phenylaLani.ne wa6 deternined
r.tbc,,

froilvfiineweaver-Burk plot. The'values of IGn for l-phenylal.anine

and D-phenylalarrine were 6.3 x 1o-5 M, and 2.2 x 1o-4 l't,
a

respectively. fhe vaLue of Kn for th,e D-isomcr waE 3.5 tlnes

as large as that for the !-isomer. In add,ition, the value of

:' Ko for the L-isomer Ln the exchango reaction is tho sa&e

e magnitude ae that for the t-isomer ia the racemase reaction.

', 7. Effest of pH

The velocity of the reaction d,ependent on t-phenylalanine

was plotted againet the pE of the buffers used. It is seen from

Fig. 3.? that the reaction had a optinun pE between pH ?.4 and

pE ?.8 rAtU TEA-ECI buffer, wherease the enztrrne catalyzed

optinally the reacti'#*ggff 6.2 and 2.2 with K-po4 buffer.

It is noticed tbat an optinun pE of the activation reaction

is different from that of the overall conversion of L-phenylalaniae

to the D-isomer, under routine assay con*itione (pS 8.6).

◆
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Fig. 15.,.. Effect of D- or L-phenyJ.alanine conoentration on

the ATP-PPi exchange reaction.

The assay conditions were ,no"" dcscribed, in the

nethod. section except for D or L-phenylalanJ.rxe concontration

as indicated. 5.28 pg of Fraction VIII wcrc used.
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f, 
Fig. I7. Effect of pII on tho L-phenylalanine dependeut Afp_
PPi exchargc reaction.

the assay conditions were the 6ane a,s those described
in the nethod section except for TEA-HCI buffer or K_po4

buffer as ind'icated. 5.28 pg of Fraction VfIf were incubatcd.
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''-' l, zrrs^ ^s ^ f nrnm n^-^o*.}ro{. i4. Effect of DfT Concentration

The addition of iucreaEing amouLts of DTT did. not €nhance

significantly the excbange re.action (data not pre6ented).

' 5. Substrate SPecificitY

Berg g g!. reported that Dl-p-fluorophenylal.anine rep}aced

coropletely phenylalatliae in the synthesiE of gra.nici&Ln s and

that F-thilnylserine inhibited the greni cidin S formation as

the phenYJ-al-aulne antagonist.

Fujikawagqg!.reportedthat,offourpossitionsofthe

phenyLal.aulne in tyrocidine E, three pbenylalanlne could replace

the other aronatic anlno acids, trtrrptophan and tyrosine. The

\

finding indicated that the activation of three pb,enylal,anlne of.

four i.s not specific for phenylalanine and' that substrate
)

specificfty bf drctivating enzlrne(s) nay be anbiguous urlth respect

to aromatic a.urino acids, phenylalanine, tyrosino, and' tryptophan"

Table XII shows that the purj.fied enpyne is highJ'y specific for

L- and D-pbenylalanine and their analogUes: Dl-p-fJ.uorophenyS'-

aLanine, B-z-tbienylalanine, and Dl,-phenylserine,. But the

enzJnno did not catalyze the exchange reaction dependent on

benzoic acid, phenylacetic acid', !-tryptoPhanrL-tyrooinet L'i

proline, L-valLne, L-ornithlne and L-leucine' ,!

●
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TABI,E XII

Substrate specificity of anino acid-dependent ATP-PPi exchango

roaction

The assay conditions were that described in the method
\e-tc9pP

sectionYfor the substrate indlcated. 6.25 trg of protein

at Fraction VIII otep-were used.

Substrate -Giilres 
)

PPi forned
(npnoLes,/l5 nin)

●
t-Phenylalanine

D-Phenylalan-ine

Dl-Phenylalanine' '

D L-P-FLuo rophe nylalanj.ne

9-2-thienylalanine
\

DL-p-Phenylserine

Benzoic acid

Phenylacetic acid

l'-Trtr4ptophan

I-Tyrosi.ne

L,-Proline

L,-Valine

L-0rnithino

L-Leucine

.|

I

a

2

2

2

I
l_

1

o.4

t

1

1

1

聯
聯
｝

”
”
セ

↓
“
づ
多
曖
づ
“
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E.  Evidence for the ldontica■  Entity of two.Activities3

the Activation Reaction and the Racem■ zation Reaction

工n the preceding sectiOns, it was notea that actiVation

reaction of pheny■ a■anine was ■nvo■vea in the racemase reaCtion.

工t is le■ pFu■  tO the lndOrsta■ ding Of the reaction mechanism to

know urhether or not the aCtiVatiOn step ana the overa■ ■ racem.zation

reaction ara cata■ yZea by a sing■ e enzyme protein.  The Fo■■oinng

severa■ ■ines of eVLdOnCe indicate that the aCtiVatiOn reaction

of D‐ ana L_pheny■ a■an■no ■s a constituent step in the ser■ es of

reactiOn ■eading to raceコユZation, which are cata■yzed by a Sing■ e

enzyme

瓢 o onzynte, which was proVen to be homogenous a●  j■ag・こ by

u■ tracentrifugation, disC e■ ectrophoresis and Chromatography,

cata■ a■yzes ゃoth Pheny■ a■ ani ne‐a,pendent ottChange reaction and

racemization reaction.                          ‐         ‐11
Fig. 2 showea that three enzyme actiVities sedimented with

a SupeFimposab■ e s■ ng■ e peak on a sucroSe aensity gradientllana

that the ratio of three enzyme activュ ties was constant throughout

the fractions。                                              「

When the enzyme was exposea to 49。 ,° 0, the three enをyme     ,

aふ ti↓ities decrease vJLth time (Fig。  ■8).  The curv` f。 ■■Owe10

typicaユ first order kineticso  The inactivation kinetic8 9書 the

three activ■ ties are undisti■ guishab■ o.                    〕

メ|.:

●
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Fig. 18. Inactivation kinetics of phenylalarrinc racemase and

,1fp-ppi cxchangc enzyme. O.Z?r.L of Fraction VIII consieting of

う50｀ llg of protein, 50% (v/v)g■ ycero■ , 0.02 M K‐P04 buffer

(pH 7。 0),｀ 、0.2 M KC■ and ■ mM DTT Was di■ utea to 2.2 m■  by the

adaitiqュ of、  .98 ■■ of the so■ utiOn contni ning O,■
 M KC■ ,

0。 02 M K― P04 buffer (pH 7。 0)and ■ mM EDTA (7.0)・  The test

tube containing the di■ uted enzyme so■ ution was inmersed into

a149。 5° C Water bath:  After equi■ ibratiOn for ,O secOnds, the

snmp■ ing startede  Every 200-■■ a■iquot was w■thdrawn at times

indicatea and quick■ y chi■ led at O° C.  The heatea aliq■OtB were

then assayed for the three activities of ractmase and D_ and L―

pheny■ a■anine_dependent ATP“ PPi exchange reaction ag doscribed

in thc mcthod section. 
I
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●

The onzyme was subjected to TElE-cellulosc cbromatography

aad L-pbenyJ-alanine-d.ependent ATP-PPi exchange and the racomaso

activLties werc detorui.ned on thc eLuates. It is notod fron tbc

olution profiles in two activitios that therc was virtual

coincidenco of two aqti,vi.ties (fig. 
19 ).

It foLlowe from these findings that phenylalanine racenaso

etivity c'nd L- and D-phenylalanlne activating abilitlee rcsidc

in a eingle enzymc entity.

●

●
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Fig。 ■9.  COchrOmatOgraphy Of phony■ a■anine racemase ana

L_pheny■ a■anine“ dependent ATP―PPi exchange activities on

TEAE=oO■ ■■10set

123 ng prOte■ ■ of FractiOn VIII werё  placea on the c。 ■umn

(■ .3 x ■o.5 cm)Of TEAE_ce■■u■ose ivhich was previOusly

equilibrated with O.o, M KC■  cOntaining O.02 M Tris_HC■  buFfer

(pH 7.4), 20 % (v/v)g■ ycerO■ , ■ ■M EDTA and 5 mM 2-mercaptoethano■ .

The co■umn was then washea with 24 ■■ Of the starting s。 ■ution

and inth 42 ■■ of O.■ M KC■ in the same buffer systeno  The

protein was e■ uted with a ■incar gradient botween 7, ■■ Of         ‐

09■ M K03 ふュ the above burfer ttytttem and 75 脇み of O・与 M KCュ   ・

in the above buffer so■ vent system.  A f■ Ow rate was    24 m1/

hour, and 6.■ ■■‐fractiOn, each, was cO■■octed in ム time‐

regulatod fraction co■■ectOr.  Fractions were aosayed for the       ヽ

respective activitiett by the usua■  ■Othod6●   The e■ ution prOfi■ e

of protein agr● es with both OF the enzyme activit=● 30    1

8011

●

●
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F.  Formation oF Pheny■ a■ an■ne Racenasa auring the

Growth of ユ. brevis Ce■■6

When the actiVity of pheny■ a■an■ne racemase was fo■■o7ed

during the growth, the   racelnOse began to appear at the mndd■ e

Of the ■ogarithmic pha彎 0 0f growth and increasea towaras the

end 9f the ■ognrithnic phase.  The activity was maユ ntni nea

at its max■ mum for ■ to ■.ラ‐hOur period ana disappearea rap■ d■y

when the ce■■3 0ntered the stationary phase as shown ■n Fig. 20・

The changes in D‐  ana I._pheny■ a■an・ ne“ activating activities

auring the grOWth Pa・ raユle10, to that i' pheny■ aユan■ ne racemas,.

The resu■ t8 0f neaourement of gra■■c■din S synthesizing actiVity ,ユ a

gram島01ci■ S proαuctiご路 ouring the growth ttre aI場 o ニユCluO● 0 エュ

the figure。

The para■■o■ appearance and disappearance of the racemase

ana the gr^7nicidin S synthesizing system during the grOwth

resu■ ted in ono of「 the .ndications that the racemase mnght be    ´

o■ose■y re■ated with the biOSynthesis Of the antibiotiC・    .1

When the ca■cium phosphate go■  fractiOn puFifiea fron the

crude extraCt of the ce■■s at the ■ate ■ogarithmic phaSe was

m・ xed w.Lth the cruao extract of the c9■ ■S at the tStatiOnarェ ‐

phase, the enzyme activity Of the ge■  fraction w■s not inhibユtea

by the addition of the ■atter extracts (Tab■ e XIII).  This

Finding indicatea the absencel of inhibitors in th9 0Xtract,lo f

0

●
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● latter ceLLs or activators in the forner celle f,or the roactLon

of the phenylalarrine racemase. [he decrease in the onzJ&E activ:i.tics

at tbc stationary phase of the co1l growth nay be attributcd to

the d.egrad.ation or.inactivation of tbe enzy&e. Fujikawa g[ g!.

also reported in !. LreviF ATCC 8185 the appoarance of the

the abrrwt disappearanco of the system on etrtering the stationary

phase of the growth (23). It seems to bo general phenomena that

the fornration and breakdown of the antibiotic syntbcsizing enz1nnea

coordinatc wlth the prod.uction of antibiotics.

9
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Big. 20 Change of activities of phcnylalaninc racemasct D- and

L-phenylalanine activating enzymer gra-micidin S synthesizing

enzJnre actj.vityl and of grarulcidin S prod.uctLon during tbe

growth of g. brevis cells.

B. brevis Nagano was grown on a nutrient broth at t?o C

w■ th shaking in a New BrunslvLCk gyratory incubator shaker.

The deta■ ■60f the cu■ tivation condition of the ce■ ■s wor●

described in the method section.  At the indicatea times,

an aliquot Of the cu■ture was removed ana cOntrifuged at

3000 X g fOr■0直nutes. FOr the preparatiOn of Crude extract,

celiじ wヽere suspenden in 4 vO■ume8 0f O● 01 M TEハ _HC■ buffer,
、ヽ          、

(pH 8。 o).icontaining O,01 M MgCL2 and di6Fup10α  in 22・・議1    .‐

poFtiOns for、、ラ minutes in a ■0-kc Kubota sonュ c osci■■ator.

After sonication, the extract was centrifuged at ■05,000'x  g

fOr 6o 口直nutes to remove the ■ntact Oe■■s, c01■  debr■8, 争nd th0

particu■ate fraction.  The supernatant at ■05,000 X g wtts

used as an enzyme source for the appay of th, vぬ riOus entty■o

activities.  FOr th` determinatio■  of the am9unt10f grnmicidin

S in the ce■■6 gran■ c■din S was extracted from the ce■ ■s with

ethano■ and bioassayed.  The growth of bacteria was fo■ ■9wed by

determining the increase of the l■ rlidity in 4 K■ ett‐Summerson

photoe■ ectr■ c co■ or■ me ter llith , )°
1 66 1Filterl l The aSttaF

:   F

●

ヽ
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cond.itLons of phenyL:rlanine racomace were the sane as thoec describcd

in Tablc III. D- and L-PhenyJ.alanine activating activity was

deternincd, by ncasuring the amount of the hydroxanic acial forned.

Tbe granicidin S-oyntheeizing activity waa a66ayed according to

Tonino gg g!. (t?).
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TABTE XIII

Mixiag of extract of 4-hr old cuLturc witb

6rude extract of 1o-hr old culture

The reaction nil::ture was tho sane as described in the

Table III except th,art ind,icated fractions wore added and I(tr'

(2.5 i.lmoles) was used. Reaction tine was J0 ruinutes.

D-Phenylalarrine forned
(npnoree/5o ntn)

L) Calcium phosphate gel f,raction purified from the crud,e

extract of 4-hr o1d cuLture

● Enzlrnre fraction

crua0 0xtFact oF 10と hr 91d cBュ 七■Fe

(1.6 ュg or prOtein)                         。。11

Extract・ )of 4_hr O■ a culture
4.77(0.225 mg)

Bo■■ea crude extract of ■0‐
1,

hr O■ a cu■ ture p■us
4.ララ

extract・ )Of 4_hr O■ a cu■ ture

●           Crude extract of ■0-hr

。■a cu■ ture p■us
4.6o

extract・ )of 4_hr 。■a cu■ ture

●
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G. Occuryence of Phenylal-an:Lae Racenase in Other Strains

Producing Gra.nicidin S and Tyrocidines

As described in INTRODUCTION, granicid:ln S and tyroc5,d:Lne

contain D-phenylalanine residues in th'eir molecules' Thc

survey stud,y on the .distribution of ATP-d,ependcnt phenyJ.alarri.ne

racemaso was undertaken by routine measurerncnt i.n the pres€ncc

and qbse'nce of ATP.

It is seen from Table XIV that 9. @!g !.5.CC a999 produciag

granicidin S and &. @!g ATCC B1B) producing tyrocidine poesossed

the ATP-d,ependent phenylalanino racemase. Each of enzyne preparation

did not catalyze any fornation of D-phenyi-al.anine from thc L-Leomer

ia tho ebesonoo of ITP and M6C3.r. In both seses, *norgenie

pyrophoephate stLnulated approciab3.y the reaotion. The anounts
)of phenylaLanlne raceulase activity catal.yzed by two }clnds, of

preparations are conperab3.e to the anount of granicldit 1,, forulug

activity, and tyrocidine forn:Lng actirrityr rospectivcS-y.

The d,ata are conpatibLe w:!th tbo fact that the pheqylalanine

racemasc is involved in grarnt cidin S-and tyrooidine-syntbcsizing

systqms. ,i

|(:
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T.ABIE XIV

Occurrence of phonylalanlne racenase in !. brevis LICC a99p producing

graroicid,in S and 9. !.g!g. 818J prod'ucing tyrocid:lne

the reaction nixture was the sane as described in the text

except that 25 pmoLos of TEA-ECI (pE ?.8), tO pmolos of ffi and

the indlcated. enzJnno fraction were used. Incubation tine was

t

J0 ninutes.

E理 . Enzyne source
Onissl.ons

and additions
D-Phenylal"anine

formed
(npnoles/3o uin)

0

Crude extract

ti.:・コ僣|:きlfi:::in)
none

m■nus PPi

'l   ATP‖  Mgcl五

ラ.70
2.90
0.00
0。 00

II

l- st Amrnonium
sulfate fraction of
B. brevi-s BfB5 r \
To.ffis-of protein)t/

2)none
ninus ATP
uinus MgCI,
plus PPi b

, 0.oL
,0.05
- \0'50

none2 /
plus PPase,

4.め
0。 07
0。う■

5.多7
4.2■
■.26

uttitsう
)::l:

■mole
ti

lt

2.4
ら

■)Equiva■ont to the nmount of enzyme lynthesizing 2.■ 7 mllュ o■o

＞

　

　

ｆ

　

　

＞

，
一
　

　

０

　

　

，
，

of tyrocidine in ぅO minutes at う0° C

)

Bnzynre was preincubated with and

Essentially tho 6a.ne as inrrExp. Irr except for thc onissions

KF and PPi

pbosphatase (P?aso ) for 15 ninutes at 3?o Q. Then, tbe reacti,on

wュ thout inorganュ c pyro‐

●

was started by the ad.dition of other ingred,ients.
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E. Role of the PhenyLalanine Racemase in GlramicidLn s-

and Tyrocidine-SYntheses

fhe folLowing linee of ov:idence Euggested the functional

adsociation of pbenylalan:Lne racemase !'J'ith granicidin S blo-

syntbesis: (f) Afp-dependent phenylalanine racemase is preeent

in !. brelnis Nagano, gggg ana B1BS; (a) phenylaLanine racema6e

fornation ls closely reLatEd wlth the formation of gran{ cidin s-

eyntbeeizing syetem. (l) Craroicidin S-synthesizing syeten is

eeparated. into the two complenentary fractions, I and II. The

fraction II contains only L- and D-phenylalanJne activating

enzy-loe actiYlty and phe other is responsiblo for that activation

of the rest of the constituent anino acids (40)' 
r

Eowever, the direct involvemen't of phenylal-anine race,mase

in grarnl cidin S-eynthesizj.ng system shouLd cone to be provQtro

fhepurifiedracemasepreparation,theeeparationof

granicid.in s-forning systen into the fractions, I and II and

the resolution of ty'rocidino-synthesizing systpm into the two

conponents, I and II pronoted to reconsitute the antibiotic

synthesi zLng systen from the two compJ.ementary fractiong or

components and the racellas€r

It is seen fron Table XV and XVI that the

from the grarniciclln l5 producing bactorLa couL{

I'

racelnaee purified

replace co,ptpLeteIY

`

●
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the fraction II for the granicidin S oynthesis and the conponent

I responsible for the biooynthesis of tyrocidine. PhenyJ.aS-anine

r&cenase and. eacb of the tvro fractions for gramicidin S synthesis

and. for tyrocidino synthesis alone did not catal-yze anything

of grarnicidin $ and tyrocj.dine. The combined' system consisting

of the racemase fron E. brevis Nagano and. of the component II from

B. brevis. ATCC B1B5 eid catalyze tyrocidine fornation, but not

grauicidin S. the procluct was tyrocidine which was verified by

paper electrophoresis of the product with granicidin S and tyrocidiae

as roarkers. In the abscence of glutanine in thc reaction mixturet

no incorporation of L-leurin"-140 was observedr indicating aLso

thet the produst ie tyroeidine.

)

/'r

●

●
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TASUE XV

RepJ.acement of fraction rr by the phenylaranine racanaee

for grami.cid.in S oynthesie

The assay cond.itj-ons were that described j-n the text
except for tho enzyme fraction indicated.; fraction t (7t.1 pg),

fraction 3I (30,3 pil and racemage (Fraction VIII 6., pg).

L-Phenyla]anine -u-]4C incorporate d
EnzJnnee iinto grarnicid.in S

(ppnoles/JO nin)

FFactioFI T aF■ d fFaCtion II          :      229

Fractioln l and racemase                   220

FractiOn II and racenlase            ,  1    24

FractiOn I                           ‐     5

Fraction II                          I    ■0

Racenase                          l  1     7.5

ら

●
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TABLE XVT

Replacement of component I by tbe phenylaJ'an:ino

racelnase for tyrocidine synthesis

Theassayconditionswerothe6amea6describediathe

text except for the enzyne indicated; conponent I (pgAp-traction),

45Q pe of component II (hydroxylapitite ) and 25 V.g of phenylalanino

racemage. (Fractioa VIII) purified fron 9. @b Nagano' Incubation

time was JO rninutes at JOo C.

ヽ
”

り

● L-Leucine incorPorated into
tYrocidine

(npnolee,/fo n:in)
Enzlrmeo

Conponont II 0'06

Conponent I and cc,mponent II 4'26

Component II and racenase 4'??

Conponent II and racemase 
0.26

wi.thout g3-utamine

●
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A. Participation of PhcnylaLaninc Racenasc in

Granicidin S Syntheeis and Tyrocidinc Syntheeis

Many studice wcrc und.crtaken in an cffort to trnderstanci the

formation of D-anino acids containect in antl'biotice. Any

infornation, howevcr, have not bcen obtaLned qbout thc biochcnical,
,'t '

fornations of D-anino acids couplccl w:tth thc bioaynthesia of

antibiotics.

The discovery of the exlstencc of thc AfP-dependent

phcnylal.anLne racenaeo in the gramLclttJ.n S produclng bacterl,a

B. brcvie Nagauo qntt ATCC 9999 entt the tyrocldinc producLng B.
G

brevie ATCC 818! havc shcd light on thc untlcrstanding of thc

biochemlcal aepect of thc D-arino acids fornation I'n thc

antibiotics. Conclusivc evidcncc for thc partLcipation of

thc racenaEe fractLon ln the eyntheses of granicidin S and

tyrocictinc was obtained by thc recombination of tbc reccmaEre I '

fiith cach one of the two complqmentary fractions of thc graniciclLn

S-and tyrocidinc-synthoeizing systcms.

Tyrocidine A and B contain 2 nolee of D-phenylalanine'in

their nolcculee (Sec d5-agran) ! onc of D-phcnylalaninc Le adJaccnt

to L-lcucine ancl the othcr foLlowe L-phcnyLalaninc. Thc forncr

ie not rcplacctt by othcr aronatip anLno aelclr whcrcas thc lattcr

ヽ

●

―　
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| |  |    |
cOu■a be rep■ aced by・ D― tryptophan a8 Seeniュ n the structuro Of

of tyキocidine C and D.  The substitution   D‐ tryptophan for

D‐pheny■ a■anine ana vice versa ic aetlrminea by the re■ ative

concentralions of phexly■ a■anine and t,yptophan avn・ ■ab■● on the

tyrocidine synthesi3●   As it i8 kユ OWni that the.racema60 frOm    :

二・ breViS Nagano have th● strict epecificity for pheny■
a■aline,

but not for tryptophan, the ATP‐ dependent pheny■ a■anine racema。●

maybe take part in On■y the formatio● oF the D‐pheny■ a■anine  r

adjacent to L‐■eucine on the tyFOCidine synthesi3●   An a■ter_

native pathway may e=ユ 8t fOr the Formation of the oth● r,中
|           `

pheny■ a■anine or D― tryptophan.                ‐          |

The amount of the production of grnmlcidin S is cooFainat・ d
 ヽ            、

wath the formatio議  of tho raoomage durユng tho growth oF the  ′

Cel■ 6●  It iS not k■ own whether the amount of both two fractiOn8

of tbe antibiotic forming eysten ia rcgulatcd by the bio-
,ttr

synthceis and brcakdown of the enzync eyetcn or: noto Thc abecncc

of actlvator of the racemasc in thc cruttc cxtract suggeet theit

thcre may occur the de nove synthceis of thc raccmasc rlth; thG

|

|ヽ

`

increase of the ●nzyme activ■ty.  The ab80nC0 0F the inhibitor

of the racemase in bacteria■  ce■■s at the statュonary phas, of   l

the growth rises the problem On the mechan■ 8m Of the abrupt   l  、
■  |

disapperance of the racemase on entering the stationary ph,se,    :

of the growth.  The mechan■ 6m On th? reg■■atiOn of the billynttheSiヽ
+               1     1



I
ij
I

.'.&'*,J

95

`                          ′

and destruction of gramiCidin S Syntheslzing SyStemlremain3 19

'         be e■ ucidated.

・´ ■
1

ヽ
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B.  Mechanism of ATP― Dependent Pheny■ a■anine

Racerllase Reaction

FOr each m。 ■o of ATP and L― pheny■ a■anine uti■ iZed,a mo■ o

of each of AMP, PPi and D― pheny■ a■anine is formed auring the

racemase reactio五 .  The equatiOn‐ Of the overa■■ reaction w■■■  |

be described as fo■ ■ows:

.   lIPhe + ATP                D"Phe + AMP + PPi

The presence of D‐  and L‐pheny■ a■ an■ne―dependent exchange

reaction and the absence of D―  and L_pheny■ a■anine dependent

AMP‐ ATP exchange reaction ■,diCate that L_pheny■ alaninё  is

activated to L― pheny■ a■ any■ adenylate enzyme complex, and that

the activatea comp10x ttg not a pyFophosphorylattta cOmpound。 ,

The activation reaction■n the racemase reaction ■6     SpeC■ fic

for both the optica■  isomer6 0F pheny■ alanine, which is

prObaお■y cata■ yzea by the same s■ te on the racemase.

工t is assumed that the tacemase reaction proceeas as

fo■■ows8

the ■st reaction:  L― pheny■ a■anine is activated to L‐ Phe・

AMPOEnz comp■ ex.                 i

the 2nd reactiOn3  L‐ phe AMP Enz complex iS COnveFled to

D‐Pheo■ 14P・ Enz comp■ex.

the ttrd reaction:  D‐ PhO・ AMP・ Enz complex is brOken dovu“

`

`
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to free D-phenylaLardner A![P and enz;rne'

Thc2nclorJrcLreactionwi].].beenhancedbyDTfathighor

concentratlon (0.05 M to 0.1 M) and of the aLkalLnc rangc of

pE (pE 8.2 to pE 8.5) or by the effects of thq co-operativc

lnteractione of PPi and AMP on the etate of Phs'41rtp'EnZ' conplex'

IntbepreBenccofPPiandAlltP,l.nwhlchthcfornationof

granicitlin s ie inhJ.bLtcd, the raccBa6e activLty Le narkedly

enhanced, while in the absence of PPi and AllP' in which the

fornationofgrarnlcidinSprocecdsoptinally'tberace!|at.

reaction cloee not proceed. tbe data arc compatLbLc rLth the

aesunptJ.on tbat the activatsd D-Pher AI'IPrEnz. r ConpleX ie non-

enzyuaticalllroleabcdrlththefornatlonofD-pbcnylal.aaine.

and Al4P by the artifLciaL factors degcrLbcd 4bovc' If thc oth6f

. one of thc two conplementary fractJ.one le acccasiblc to tbe

ufi.lLzatLon of the D-phenylalanyl.AlIP.Enz. cOnplcx Ln the

presence of the othcr conetltuent arino aclde :anc[ ATPe Da

pbenylalanlnc of the activatcdl conBlex le Lncorporatctt dLrcctly

Lnto granl'cLdin S of tyrociilinee;

ゝ

●
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rn frrNTRoDucrroNrr the cteveropenent of the bLoeyntheeie of D-

ani no acLd in conJuctLon w:ith the bLos5mtheeie of thc antlbLotLcs

wls d,escribecl.

. Receut developement concernLng the ATP-dcpendent phenyl-

aranine raccnase, the nechanLsn of the enz;mc rsactLon anct ite
'reLatLon.to the antibLotLc bLosyutheaLe was arso dLscusaed.

The phenyLalanine racemaa€ ras pur{.fled to a ncar honogeneous

statc fron B. brcviF Nagano. the study on the properH.ee of thc

enzlrme has reveaLetl that the racenase reaction conElstg of tbe

actlvatLon reactLon of phenylalanine and the eubecquent raccnizatLon

of tho aatl.vated phoiryLaLanlno conplex and itE bneakdonn to frse

phenylalanine. Bhc racenaa€ reactton of D-phenylalan5.nc fromation

from the L-isomer ie activated by the'higher cancentrafi.,on of
DTT and the alkhLLne buffor or by theisinultaacous proarncc of PPi

ancl AMPr and D-phcnylalanrne fornatLon Ls aot af,fected,, rhiLe

thc actLvatLon reactlon responeLbLe for tde racenl.zatLon of
phenyJ.alanlne is not affectcd apprecS.ably by DTT anct thc alkalLae

buffer. 
i

The D/I-phenyJ.alanJ.ne ratlo at'cqul.librLun of thc r6actLon Ls

d'epcndent on the Lnttial velocity of D-phenylalanLne fornatLon

' rhLcb is narkedly af,fectcd by ths varLabLe of tire DST concentration

ヽ

●
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Thc..racemaEe J.s specific for both optLcal ieoncrs of

phenyLalanLne and thc phenylalanine analoguceo L-fryptophan,'

L-tyrosine, L-lcuciner L-vaLinc, and L-ornithLne do not scrve

. as eubetrate.

In the study of the distribution of the ATP-dependent

phenylalanine racemase, it was found that the grarn{cidin S

producing bacteriar gg brevj-s Nagano ancl p. brevis NICC gggg

and the tyrocidine producing bactcriumr g. brev:te ATCC 8185

poa6e66eiI the enzJrmc actlvity.
I

The racemasc has the tlircct relations with the bLoeynthesis
t\

of granS.cidin S and tyrocld,ine. Tht raccnaE;c could conpletely

replace the onc of the two conpLementary, fractions or componcnts

responsiblc for granicidin S or tyrocitiinc biosynthcecs, rcspcctiveJ.y.

The nechanLsm of action of tUiE enzlrmc and the subatratc

. epccificity worc discuesed rlth lle rcLatl-on to theibLosynthGs€a
1l

- of grarnt cldln S and tyrocfdlnes. ' ,

''
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