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8. On the metabolism of arginine by the intact

cells of Bacillus subtilis

. Kiyoshi NAGAO
Faculty of Fisheries, Hokkaido University

Abstract

1. Ths intact c:ells of Bac. subtilis were able to accumulaté arginine, in the free state in the
internal environment, and the concentration within the cells was higher than that existing in the
external medium at equilibrium. The concentration of free arginine within thg cell was determined by
the balance between the rate at which the amino acid entered the cell and the rate at which it was
being metabolized wifhin the cell. A considerable portion of arginine that enterecl' the cell appeared
to be converted into cellular matter in subsequent reactions. The passage of the arginine into the cell
may be produced by physiéal diffusion or by an active procéss on‘the part of the cell. ]

2. The washed cell susbensions of Bac. subtilis yielded evidence consistent with the idea that
the following metabolic pathwéy was invblved. ‘

Arginine
Orni%hine + Urea
Carboxylic acid « Proline’e Gintamic acid

Citrulline was not found as an fntermediate and was not attacked and therefore was ruled out as a
possible intermediate.

FExHER ornithine: RFEL TV ARG LD ch S 2o arginase 2BXHES
arginineFEEERIC X o TE U= T 5 L b 50T, fr’(:‘f%:%‘ﬁ:ﬁi‘?qﬂ. X b 5rEEL 7o B.subtilis
o> arginine Rﬁ:}k’.ﬁ)\»f ER L7, BWfF% D arginase IO TIXH 47 Krebs o ornithine cycleas
HehTwa, BRYHEC X 5 'arginine DFICONT, arginine 225 ornithine %EMT 5o ik
arginase & ureasz DEFHR I OTERINALLDTHL 3 LRSHHVEENDHP Lo LWlERKLS

. arginine PAHEPEIIXREAER S WA WL H B LRBN TV,  HillsY X7 7 ABMREC X 5
arginine DAMEDWT, 14-F0 arginine #+5 14-F 0 ornithine, 2 4+F> NHs& 145F0CO% 4
%o Citrulline %= OESEC Lo CHREhiV 5, citrullineldhBEERBIc iy o Hillsik & oiFs f
o> arginase & [X75l3 % Ak arginine dihydrolase t%ﬁ'&fcé Slade % txSlampVixgroup D.streptococcus ’
J&o\C arginine % & tolHhic 2384 5 & arginine dihydrolase DIEH:EATH 5 £ W& LTV 4, Horn®



1% B. pyocyaneus 1.k % arginine OARICOWTHEERBE LT citrulline %4381, = oKE]
54 2@3%E% arginine de51m1dase k%ﬂ'ﬁ'ho RE®% B. pyocyaueus, Salmonella enteritidis .= o

BEREOFAET 5 T h T LT 5 o E AR, §§7§7)ﬁ: Streptocoécus faecalis 1o\ ~C, arginire dihydrolase
B2 o0oBROBA X5 LT, Hills &% b PRSI & LT citrulline & 2&ERET 50 &0 2 DD
Ex metarginasé % citrullinase j:‘Uf, metarginase X Horn © afginine desimidase ¥ [Fl—D % D TH
BEFRCTV A, v

metarginase >' o _ citrullinase
- c1trullme+NHs Citrulline — ornithine+NHs+CO2
or arginine cesimidase ,

Schmidt, Logan Z&)t Tytells‘) \& Clostridium ﬁerfringens (BK6K) 1o\ T, Oginsky FKrx Gehrigix
Streptococcus faecalis 7o\ TRHROTEREB TV 5o

2kt B. subtilis K")L\*CLJJ:Oﬁﬁ:;g‘?ﬁik ET? 6%*%%1571@1 = K%ﬂi‘i'éﬁ(ﬁ"&% 5o

Arginine

iﬁﬁiﬁ

1. BEBROME:E Bouillon X (broth, pH7.0) & B. subtilis %ML, 37°, 18RRI L:
Hthx n, Tk 2 EEEATEHNE Bt  homogenizer KT homogenize L, FRIKICEES
i, HRENEREHE E, BERORRKELNEL CHSABECHERT 5, T EEAGERO R
B L RS RO BEMIE LT <o BHx 4mg. dry wt./cc RO TEREERL BRI

2 Arginim oERED  FOSERSELESE L, KBRS L W% D OB R TRE 3+,
5301'11!4 ‘7) filter %H%L\ﬁ‘ﬁ‘%kh@bto ﬁnﬁﬁt‘t& arginine O4Jz5F guanidyl HEx BT PEET <
T%@Tbo

3. Citrulline mgi;zm );z;mﬁr_mm@%mx, ELE, RErkE diacetylmonoxime fpmk
@r Hen s, 470me o filter & FVCREHE Ui, & OBAEYEH & LTH—BRERTER AL ice -

4. Ormthine RO prolme OEREY  SHC=E LR W, BESH, pH1OBMET
mnhydrm t}iﬁf‘é-\i‘ék ornithine ktﬁﬁ@i&‘ﬁ.’:‘r%ﬁ‘é »TC, 530mp - filter T HWEELE LA,
L L= s prolme S ormthm? k»ﬂﬁé?’ B35 0T, EENEET AEARTOREIIE SN S,
5. REDEREY  USHCSH(LESENL, WWESE, dicetylmonoxime THEC BES Y,
470myu o filter % FVRERBE LY,

6. BEXICEIREOREE™ Warburg REF* BV SRS X b IR Lo PP 2cc (8mg.
TtK), arginine 0.4cc (40xM), /5% buffer (pH5.0) 1cck ST +, —Eisiits, = oz
IS5 RIRM L THEE RIS L, Ko ols BoEScAn, B3N @ buffer 1ccRoi2eckAh,
iSEie. 8 urease BRRO.5cck AdL, COMBRMIEL =Nk bIRFEIC BE Uiz, (HfHLA urease XHIIR
urease ¥R %E Fu 7z, :

7. CO.pBiE*"™ Warburg #ER % BIVCRIEERE X b IR L, XS ERER2cc (8 mg. TEEK),
N/ bufer (pH5.0) 1cckrs 2cck Ah, MUK arginine 0.dce (40:M) % A3 TRE LT

8.. Paper chromnatography I & BMIE —KIT, FREIC X 5o BREIEHE Nesok L iz,

.9. Urease pRISE (EFITkD urease #MEF 58, ESICFREER 2 cc (8 mg. D, EEmbuffer
leckrr 2eck A, RIEIR0.6uMERFE AL, 38%100;%&%% Lo

iﬁﬁ%iﬁk#ﬁ
%ﬂiﬁ@ﬁ‘imﬁﬁﬁmﬁﬁﬂm zwmrfpnr b, %o)iﬂﬁé%&uﬁ?ﬁm Wit ho SENERHERD
HeibpH7.0, FOGpHS.0, FUGEESS DRSOV TOLARET 5,
W L-arginine 40xM, EEER buffer W o TR SEH% Warburg BEROERIAN, BTG,
CO: BRURHBEREL, X—Eritt, FRholCHIc SRy ML, BORE, LEERo
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Fig. 1. Changes of rate of arginine Incutation temperature 38°C. pH of reaction

disappearance during the incubation
of arginine with washed cell sus-
pensions of Bac. subtilss
Incubation temperature 38°C. pH of reaction
mixture 5.0; acetate buffer employed. The
Warburg flasks contained 1 cc of 5/M acetate
buffer, pH 5:0, 2cc of cell suspension (8 mg.
_dry. wts of cells) and 0.4cc of arginine (40
gM). The arginine content of 10 per cent
“trichloroacetic acid filtrates "of reaction

mixture 5.0; acetate -buffer -employed:  The- .

Warburg flasks contaired same mixture as
descrited in fig.1 in thke case of omithire
-determination. The ornithire content of ‘10 ger

cent trichlorcacetic acid filtrates of reaction

mixtures was mesaured colorimetrically by a
precedure employed by Stein and Moore.'® CO?
was measured by Warburg’ s ““indirect methed.”
Urea was measured by mancmetric method,!®
¢® Omithine production = (O COs preduction
@ Urea prcduction. :

mixtures was measured by the Sakaguchi
method as modified by Macpherson.!)- Final
‘coloured solution adjusted to 25cc.

arginine, ornithine Jrx citrulline &Iﬁﬂﬁbtk”%& Fig. 1,2KBRL%. Hib arglmre B EEw
BV 32 #5F, ornithine, JFER 1 CO: B MEERELTL BT EF e\ o RROBITRER L L
TR LA A AU TH Ok X citrulline AR TR TV, = hisfi» MM EshC
VWA ELEHLNADT, paper chromatography CREEHDOHBN %ol B phenol (phénol 100gic
7k23g% 7M. methanol (methanol : 7k =8:2) K1 m-cresol (25% &7k M f= V& Fi\s, —K3E, L5
Rk bHEBAL, - ninhydrin @ butanol FRTERE S5k, Fig. 3RERLHC arginine, ornithine
Drfie. glitamic acid, ‘proline R eI B+ 5 KRR AR £ hics Citrulline i chromatography
o Tkl E L, I phenol CREILA & OIEARKEHES % 2 7L ~+ 5L RE 0.4~0.7CED
THL O R BRI o a  H 2 iz n-butanol « pyridine « JKEEER « & (4:1:1:2) DRI EE: LCR
BAL, $OKMSHE 27 L —3 5 & arginine (Rf 0.20) DIZ-IFBIc. RE 0.35, 0.45, 0.601<. spot ASkH=
AN 5o Glutamic acid OEWERTEE L TL 72\ 2%, chromatogram 0 BEEREHI 6 B5 L VEL
HDAFHEL 75T H 5o Proline BXHIROAKIC ornithire & OREMRIEIN TV DO T O L IFE B
7\ o Glutamic acid 23l T 5D C,  a—ketoglutaric acid OFFEXHEEL, 2,4—dinitrophenyl-
hydra‘z_gn‘ ’gﬂux t»xw——ketogluatanc acido>hydrazonetx il . 700>272,17 Chromatogram _Cninhydrin
B e s B4 4 KWk amine NEx LB, diazo RS, WREAFS, . isonitril KHs, Wagner
HEFGR o Mayer BIEFSEWTRLBIETH 5, BB X A HBRO SR S CHRBEORE

e
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Fig. 3. Paper chromatograms of
reaction mixtures
Run in phenol (contained 23 per cent of
‘water), methanol (methanol:water=8:2),
m-—cresol-(contained 25 per cent of water).
Sprayed with ninhydrin-butanol ‘solution.

TR A LT\ DTl e\t kB T2, & T ‘
N @mﬂﬁbiﬁ*ﬁ@ buffer % A7z 200uM arginire
1£88°, 1RSTIRMS w7 Ttk R FEAKBLES, BB T
HMRLUIZE DL, arginine KB WERCEEY
PR TSR LA & 0 » @288%%  micro-Kjeldah] #
CHEETAL, TEhRSmEHL, EmEail o
0.6480mg~N, Bl X @70\ § 0 130.4866mg -NT, Bl =
A 1 o7C0.1614mg-N AIEAKRICHEMN L A B e
Bo KICTAN 8 mg 1AL CHSER buffer :3TC40.M
arginine 1=33° ML ¥, BhLIHLICREKE TS
KEEL, HREAT205MIMELY  MAnE R,

MU, MEACEBORECHET 5 aginite
DEAFNFEEEE, RELE L, e LT
Z Rt REO Etk A OF R TIR, BOSRE,

RORETEAE kb 0 L EAEY 1002 Ca+#i,

Arginine uM
o

S

B 1 | | ]
30 - 60 90 120 150
Minutes
Fig. 4. Accumulation of free arginine
. within Bac. subtilis

%

Fig. 4 (22 OH T ERAICEROREE TR S h Organism grown for 18 hrs. at 37°C.in
V= arginine B% BF U, RiHEM 1 BHc1% 8,25  broth,  Accumulation of internal  free
arginine  determined before and after

WM & arginine ATHEBKEML T 5o TLLIEE
oMo arginine EIRRA LTV A, ZEEHE
WD T 3 7 B h e s B i R B B R T
oArBhh s, ZRE LT aginine EXR3.
T\ BDOEEBICE T guanidyl A EHTAWEEE
"5, X ornithine % FHEMEIERINEX bh oAt KE
FprCO: Bots BHEX THEER ST T AR T il
B, WU E LT S oREEER S LT
535, '
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incubation at 83°C. in buffered salt
solution containing 0.4 cc arginine(40uM),
1 cc acetate buffer (pH5.0) and 2 cc cell
suspension (8mg. dry wt. of cells).
Determination of free arginine within cells
was as follows: reaction mixture was heated
for 20 minutes in a boiling water bath and
this heated reaction mixture was assayed
for arginine by the Sakaguchi method. Final
coloured solution adjusted to 25 cc.. Results
expressed as uM increased in free arginine/
8 mg. dry wt. of cells.



MEOHERBEM A BR T4t LTERERE (ARSI NIEC BV oh 28 b,
tryptophane, tyrosine SO RBEMNTE OFETREAK Shis, S OFEKA L\ SHRYBEL LTH
FABe L % £ A% SRT ABERI IR ERESN 5, ANB, C, DEoRE+ETREINL LT
BB, AR AFHIIAICHR S ABERXA > Bx o Sx M s8FEx @R, B-C, C-
DEOREEFNTEA TV Ao D2 b, ADB-C oD LRI BREHRENS P THS, ARG
HLB, CEHEHLCEBSHT 5, X BRAINLAEXERC X E b BT 5%, Alkbs—E0
FUAYET, HiHA->BEBSE T o ERI R I N CHD THRENS, s hEoBEy IFIHL
THREEER OB RGBS £ Ex bh o 0x tB R COMCHRT 502 <, REBEELHER
TAHHETH 2, EEOEROBES, ERHAREERK~D arginite ORBETS b, EHMAH
INARGEGIVETH 50T, kMl a2 arginine DR % EREIET Warburg &E{%{-
T 0z @ uptake ZBR LTI DL TS 50T, paper chromatography ‘&ﬁi‘v\ﬁ%‘&%%ﬁ%Lk}
S4 arginine BASH, ornithire BISHE, glutamic acid HISE& D proline MIEE% b, arginice,
ornithine, glutamic acid & 7* prolire #3H: L (W Fhd 40.M) EEER buffer X 3138°, IF@Fa;iEFEK
%, SHEETRES LY, —/Ot LR TEIIL, ninhydrin TREE ek, B LT phenolk
FlO SERRER % Table 1 ISR Ut o RAMPE L F 401k RE 0.1 @ spot THR BHBL TV 5o BRHS
Bk bz OBEOfGRRER Y RbT L RO 5o :

Arginine
Orni't%line + Urea

‘L .
Carboxylic acide—Proline«-Glutar_nic acid

Table 1. Metabolite in rection mixtures

Cells adapted Cells adapted  |Cells adapted with| ‘Cells adapted -
with arginine with omithine glutamic acid with proiiné 4
Substrate . | Glu- . Glu-‘ P ) ) s~ [Glu-
!8{.‘”' tamic| Protine | AT81" | tamic| proine | ATEI- ?ﬁ’?" Proline A.rg;- &’.‘"-’,tamic
Metabolite | ine | iq nine | i | nine - line nine m?i acid
Arginine . + | + ' +
Ornithine + . + +
Glutamic acid + + + » o+
Proline + + + | ¥ + ‘ +
Carboxylic acid + + + + + I B +
Unknown + + +

Incubation of sukstrate for oue hr., at 33°C. with the cells adapted with each substrate. Adapted
cells were prepared by the incubation of substrate with intact cells at 38°C. for one hr., then the
cells were washed twice with distilled water. Ascending paper chromatograms were employed .
in the identification of metabolite. '
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Fig. 5. Changes of rate of ornithine
disappearance during thte incu-
bation of ornithine with cells
adapted with arginine
Such adapted cells were made by the
incubation of arginine (40uM) with -
intact cells at 38°C. for one hr., thea
the "cells were washed twice with
distilled water. Incubation temperature
33°C. pH of reaction mixture -5.0.
The Warburg flasks contained 1-cc of
acetate buffer (pH5.0), 2 cc of cell
suspension (8 mg. dry wt cells) and
0.4 cc of ornithine (40sM). The
ornithine contnent of 10 per cent tri-
chlcroacetic acid filtrates of reaction
mixtures was measured colorimetrically
by the same procedure as that employed

. by Stein and Moore.'® '

=

Ornithine ¥ 5KET 3 78T proline, glutamic acid
bo*ﬁﬁ:ﬁﬁ’ﬁzﬁ‘i BiL%o AT Roloff'® B AkFEEXSL
ornithine ¥ = F HEIL 54 X 0BAHA T 7 BERS
fol A, ‘pro]ine + glutamic acid (CHHLEOFEKIEN
%iﬁ L,*C\ Tz B IR, Stetten 1t Schoenheimer,®? Stetten

D2 proline & ornithine 1 a—7 b 37 3 ERe R
itk uc*ﬁmcﬁﬁbﬁ HBLEOTW S, 2 DK
prollne, glutamic acid K oF ornithine {22 ﬁ‘*ﬁbf
WAL T ( EFEA L BEVBERY D b Qiﬁilﬁl't‘ﬁ?’ BT

Hikasd oo s FEORRBRF Stetten 4
oty = E’Cﬁﬂﬁﬁaﬁ"”ﬁ% LRAEECTE S, HEC
T & R R RS TR TV TH B,

R arginine : EEEH CHEMIC X b 1 BB X

“ornithine & FEEANI L A rE e BEEREI L T\ 5,

Argixiine TSI BB buffer & 3kic 40uM@ L-ornithine

kM55t Fig. 5 1 BT LR K S#R oornithine

AR S A+ 572 DL-citrulline kK524 5
& citrulline {4 Tzl Ornithine »1& ORI TS
REENBEF AL, arginine EFSLTER S
omithine & ErAAF 2N HH I BIaVLAE
BRix Fig, 2 18057 Ui BOG—P st — g Bic fiich
T\ B, ST A X B0ARETH 5935 B <
ornithine »YEE=hic L 3.0k arginine OIE & R
AR S TR  AERETARINCRE T 0 B

REETHABTHE S o RRERFGHE 1 FT RK

BErR L, DEEY LTV A2 R ER SN urease
AERL AR ERC AT A & Bbiies?,  SENCRPRK
L RER 2 e EER UGER O RBOERFEY I
BERLEE CHIEA Yureassix B A e p DV DT,
arginine ¥ ORJGIC. X b 4L S i RFn: & opETe i
I hREIN AHATETH 50

3]

1. B. subtilis oM (intact cell) liﬁiﬂﬂﬂ?ﬁﬂﬁﬁoﬁﬁﬁ’é arginine #* EHEERIT sTINMkL,
LiaN oW arginine OBEREEOBE X bEL MIENKEREN B arginine Xt 0K

o X b MRS T 50

' 2. B. subtilis HERC X b arginine [ROFELZRL X REENh 5.

Arginine

d
Ornithine - + Urea

; 4 ,
Carboxylic acid« Proline«Glutamic acid .

citrulline 1PRIEES E LTRIFE AL LRERIC X bEBILEN I\, 450C citrulline & oR3SicHg

HELiwWEEbNLs,

HHYTE D, AR B TS W R —RRC Ko By HL 21
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