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RIEEFR K ROLE T
WH LEE A m o BETAL o2 S@ HA
X A B O B F
B &

SERAT AL B O S B AINERGLE, KRR KENIC 2 5 LS DR BEO ML L b % v, HREE
MIZLEBEMICO RBIMIEL £ -2 B> FM2 MR+ 5 (1, 2,3) 2 0OFEFaHMIL4,5),
BRI T Y POV EN—EDEFIRRORE L 5 VI HEBLEHIE 2B TERINILDT
HY, Ere o5 OFYBEERBOFRIKEITEbR TV 5, ZOVED L LT HREK
BRICRRREMIIED SNIMEL ITEL, ZOMBEOELS 2 VI FIIHKEEICH 122 0HEII->V
THET22E L0, WEOL A THFRIBRMEHEERIIL L5 &3R5 45 5, AL TE
FTIZ cortex DM, spore coat D/-AHE, V¥ vEEIIMT AWESTohbhTw
57, HRAHREEL OEBNLEELHS AT A ETCICEE>TwAEY (6, 7, 8, 9, ).
Z ZTE#EIX, B. subtilis O FRaBAMILICHENCEbLN T 2 ESTFRAWEDRE % RA,
ZOMAEFLE L THREBEBHORO: RET 2 2 Rb 7,

ARERIZEWTE, TV FREBAMIATO M) 7 OVEEEE (TCA) TTRMEmEmZERL, 20
FEIZDVTHREFL & & 2 A FRa MO M 12 Cysteic acid PERENLZ LIRS AL % -
72DT, ZOWMRDFRIGEREN 31T 5 858K U FRHR L OBEM % BRI L 7,

EN E

F1E MEEFRYRAIIED TCA AR5 0B Ninhydrin RGN E D FES &
U [ElE

RO AN % 1910% TCA THI L, MEHEE 7 I VBT F 54 ¥ — 12 L0 3 L4584
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Fig. LIZiR L 72 TANSIXF VBIIET L TER SN AMEOFEESIBD S, RED & BIKS R
LEBRILLT I/ BT A ¥ —COBRBMNBIIBINAKSEE R TH 72, 22T, ZOESY
DILBDO AL S Izt 5 -0 KL -, T4 bbb, TCAHEHL Amberlite CG—120
hobhrva<wh, BIIKG@ERL, B Amberlite CG—120 # 547 0< b L EERVIELITE
27, D &2 2 4—dinitrophenyl {t L, ECTEOLA—t VO —2Z# 5 A7 u<}, Sephadex G—
10CHE L, BiEdA%E1T% DNP—Compound I %1757,

ZOMEAER B LU —/3—7a< b (Table 1), oEBRAE) (Fig. 2) &L UEmERAKS O
v MIEY, B & HEL 7245 R, Cysteic acid X% S N7z,

(A) (8)
0.4" 0.4L
e Asp. e Asp.
= c
o o
™~ ™~
[";] w
< <
0 A — 0 A
0 30 60 0 30 60
Elution Time (min) Elution Time (min)

Fig.1. Elution Pattern of Ninhydrin Positive Materials in
TCA Extract from Sporulating Cells by Amino Acid
Analyzer

Table 1

Rf Values of DNP-Compound I and Other DNP-Derivatives in
Thin Layer and Paper Chromatography

System A System B
DNP-Compound 1 0.81 0.53
DNP-Cysteic Acid 0.81 0.53
DNP-Taurine 0. 60 0.55
DNP-Phosphorylserine 0.72 0. 57
DNP-Homocysteic Acid 0.55 0.90 ’

System A: Thin Layer Chromatography
Gel; Silicagel 60 PF,s,
Solvent; 1.5M Levy’s Phosphate Buffer
System B: Paper Chromatography
paper; Toyo No. 51
Solvent; n-BuOH-AcOH-H.O0 (4 : 1 :5)
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pHP-Compound [ o

I¥P-Cysteic Acld

0 2 4 6 8
Fobility ( em )

Condition: L Voltage; 10V/cm
Time; 2,.5hrs
Buffer; 0.15M Acetate Buffer
( pH 5.0)
Paper; Toyo No. 51

Fig. 2. I dentification of DNP-Compound I by Paper Electrophoresis

$°% Cysteic acid DEREH L UMBEEEFRIZH T 5#KA Cysteic acid &

B E O R R MR 2 Cysteic acid P"FET A LWL » & B 5724, £EFERTO
Cysteic acid EEZHIET 570, EmEMHEA7 2~< M2k b Cysteic acid DEREIZ OV THRET
L7

Sk ov N HEROREMAE, BeREL 2R, Milan TCA Mt % Amberlite CG
—120 A FLIZRE S, BA A VKRTHEBLZES % DNPILT 22 L ICKDBET NERERHIE
SN, 7=, EHEEARS ﬁ'? Mz 3 Cysteic acid OFBERMAIZOVWTHRETL /2 & 2 A, zorbax
ODS # 5 4, #EH# 0.01 MEEEEF L) LEWE, &ES0C, £/ 100kg/em® DEEVRIFTH -
Fro ZTOHEEIZ KD RIMBURERRE T % - 28R, EINEKIZN~8%THY, Cysteic acid DER
HELTHWARZEDATEBZ LMWL -

ZOHEERWT, MEEOEIERIZHT S Cysteic acid FEBEZHEL 2 & 2 A(Table 2), &
K100 mg X1 FERMITIZ69nmole, FHIFRHAMPETIE 350nmole F7EL /=A%, FHATIX
B ACHEERT, FRERBOMIZICESFEETAILAHLPEE o2,

Table 2

Content of Cysteic Acid in Cells at Variour Stages

TCA Extract After Hydrolysis

Cell Phase (nmol/10mg)
Vegetative Cell 69.0 69.0
Sporulating Cell 350. 0 384. 0
‘Spore 0 9.1
Soluble Fraction 7.1 —
Insoluble Fraction — 2.0
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E=FE Cysteic acid OFREMTOXEE & & OUFIEK & O BEE

FERARHAIZ 1T B Cysteic acid D#EB % Fig. 31278 L 7=, Mgl Cysteic acid SEI3Fha
AR CHEMLIZ LY, FROBEBRSTH 2V VEOEESHARS W 3FETESINE
L, IRFROBBUIONTEDT 3 ZEFBH N, ZORAIZEH T 2R8I LEFIZ£L
Cysteic acid RPN EZVWZ L2 5 Z0FDITMIBNTRBEE NI L IBET AL 0 L HEES
7,

4200 ~

N W o

y)at 610nm

BO

15

( o—o
P Y
b .
OPA ( pg/m1 ) (O—0 )
— —
(=)
Cystefc Acid ( nmol/50m)
( &—A )

Optical Densit

F—— +—4d 9 0
0 2 4 6 8 10 12 14 24
Time { hr )

Cells harvested at the indicated intervals were extracted with
10% trichloroacetic acid. Cysteic acid was determined by high
pressure liguid chromatography.

Fig.3. Level of Cysteic Acid during Growth- and Sporulation
of Bacillus subtilis NRRL B558

2 X2, FRAEEEIZE T S Cysteic acid DX A, FEWR LEEEIH 208 2IZONT
RETL, ZOMEME A ZHEOVEDE LT FREROEES 2 W IZEBEEZ ANGHITE - 7235
&, ZhEHEL T Cysteic acid OHEFNEHRA LD LI IZEMNT 222 BT 5 B EX S
3, & LERERIPHEE NS L &% Cysteic acid ODFRIPHZ 6T, T -FREKRIBEL - L
&, Cysteic acid OEWAZNIIHB L TRBIEL 2z & THiE, $< %< L L FaPREE L Cysteic
acid EGRBIMS A OMEEMRLZETILO LI CE 3, 22T, 9, 70747 20—
VTR & BLE 10 L7 & 2 5, Cysteic acid ORMEIE A, &7, BEREO /T —2%
WL CERIFERK & BEE (1) x & /-3 A 121L, Cysteic acidDEFHELBIET 2ERHH S5 /2 (Fig. 5)

—7%, Cysteic acid DERIIBEORBEIEILT LI L12K0BZ2LbEL5hDT, Fig. 6
WWRTEIIC M 2N 2VTHEEL, BoMEL2ELsE/2E 25 Cysteic acid EIZHML
Bhol. &51Z, M 2L TR A THE 2 &12T % & Cysteic acid OEEFL 507,

INEDEEH S, Cysteic acid OERPFRAREIE L EELBRIZH I L ARBRE N,
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Cells were cultivated in Schaeffer’s medium (open symbols)

Chloramphenicol (10 xg/ml) was added at 7 hr (closed symbols).

Growth: (—O—), Cysteic Acid : (—A—, —A—)

Fig. 4. Effect of Chloramphenicol on Sporulation and Cysteic
Acid Accumulation

Optical Density at 610 nm

o Iy
0o 2 4 6 8§ 10 12 14 16 18

Time { h )

Cells were grown in Schaeffer’s medium (open symbols) and
glucose was added after 4.5 hr cultivation (closed symbols).
Growth: (—O— —@—), Cysteic Acid:(—ao— —a—)

Fig. 5 Effect of Glucose on Sporulation and Cysteic Acid Accumulation.

— 278—

Cystef{c Actd (nmo1/50m1)

Cystefc Acid ( nmol1/50m1/0.D.5y 0 )



Lt
g
S Mn
s \
> D s o2
- -
E -240 E
v a
o ~
- >
v 160 €
: ~
s =
v
<
80 o
.
-
(L
>y
A y Sl R N 0 (%)
0 12 24 36
Tine ( hr )

Cells were cultivated in Schaeffer’s medium plus 25 mM
glucose with (closed symbols) and without 10 «M MnCl,
(open symbols). Growth: (—O—, —@ —), Cysteic Acid:
(—A——A—), Arrow indicates the addition of MnCl,(10uM)
(10uM) into the Mn’*-deffcient medium.

Fig.6. Effact of Mn**on Growth, Sporulation and Cystaic
Acid Accumulation

F4E FRERIMIZIZEIT S Cysteic acid DEANKE L BB EOKET

Cysteic acid DESRBREICOVWTHETL /2o ®*S—Methionine $ %2 (3*S—Cysteine %1%
LT TR L T HER U 22 AN a D TCA MR E 7 3 /87 + 74— 10T BEL, RETEME
AMIEL 2L Z A, ¥*S—Methionine FRIIDEHES, TCA Tﬂiﬂj?ﬁ@ﬁk%ﬁﬁ@@%%ﬂi ' Cysteic
acid DFEMMBEIZED 5N/ (Fig. 7) * S—Cysteine &ML 2HEI121E, TCA HtiED s
FEMHEDI%LL EA Cysteic acid OBRBMIBEIZED 51,

x 512, *®*S—Methionine L1 *S—Cysteine %R L TE#E L - FaERIH#E0) TCA #
D Amberlite CG—120 F@ Y B %% DNP{tL /=05, DNP H%G & & U DNP L4 HE
SFIZHEL, 20Z2hFhiionT PSIEBLAEMORETE L2, DNPEZS % BF A7 o~ Mok
DML 2 45%,  DNP—Cysteic acid OFEEMIE ICHEEMEARD 5 n/: (Fig. 8), £7-
DNPesh 2 VES D *S B EMEERE 7 0~ Mz XD L /&R, RfE0.35 [T s
EEARO 5 N(Fig. 9), &512, ZOMEIFRFIZLFET 2L AL L, 20k 2HH
OWE & L CIIMERFNEIC Sulfolactate FEET 22 L ARESNTEHED, RIL HER
Sulfolactate & [G%E L /2, Sulfolactate »'Cysteic acid DCHEEMTH 3 »IZ >V T T 3 /-
W, *S —Cysteic acid #HEHIZRIL THEL 2L 25, FhaFBMias & U#Hd 0 Sulfol-
actato |ZHUSEMEARD 5 h iz,

PlED Z & H 5, FREREIRIENC 5T, Methionine & %W |% Cysteine # 5 Cysteic acid
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B, Methionine sulfone; D, Cystine; E, Methionine

Fig.7. Amino Acid Analysis of TCA Extract from sporulating Cells Grown
in Medium Containing *°S-Methionine

Radioactivity
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Fig. 8. Analysis of **S-labeled Compounds in DNP-Fraction R- 1 from
Sporulating Cells by High Pressure Liguid Chromatography



Radioactivity ( cpm x 103 )

Fig.9. Analysis of *S-labeled Compounds in Non-DNP-
Fraction R-1from Sporulating Cells
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Sporulating cells were cultivated in schaeffer medium

containing ** S-Methionine.

Fig.10. Conversion of ** S-Cysteic Acid into **S-sulfo-

lactate in vitro

{(A)

0 1
N € Sulfolactate
0 0.2 0.4 0.6 0.8 1

Rf.Value

Radioactivity ( cpm x 103 )

16
14

12
10

—

(s8)

(]

Sulfolactate

Q

0.2 0.4 0.6 0.8 1
Rf.Value

(A): Non-DNP-Fraction R-1of Sporalating Cejls

(B): Non-DNP-Fraction R-1of Spore

Cells were cultivated in Schaeffer’s medium for 6 hrs and
transfered into replaced sporulation medium containing

*S-cysteic (54Ci/100 ml). Sporulating cells and spores
were prapared after subsequent 8 hrs and 20 hr, respectively.
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FAEARENTCHEHENICEEI N, ZhiE S SIZFREROETIZHEY Sulfolactate (2B E N,
FRaFItBGAE N3 2L PS40, RRBEREY, FRESBOES FEmILEmo EERH
BETHIZLIRBREN:,

ZEHE Cysteic acid X Sulfolactate M in vitro IZ& T 3EEHK

ZEiIZHEWT, FHEHREITIE, Methionine —Cysteine — Cysteic acid — Sulfolactate D{{
WROBEEIREEN=DT, cell-free T Cysteine » 5 Cysteic acid, ¥ & U Cysteid acid
» 5 Sulfolactate NDEBHIZONTRETL 7z, ¥*S- Cysteine &1 0.2M glycine buffer
(pH 9) &ML 1T ARMIFRMET, 37C0HMRIC &, RIZEFRMSEMAT TITC, 3057 BRI
LaDb, RKigWaE DNPILL T, @BHEAEZ O~< MIZLOGHL 2. ZOFER, Cysteic acid @
EHNBICHRENEELIRD 5h, F7-, **S- Cysteic acid, 0.01 M-a- Ketoglutarate &
#wa3lC, MR EE-0b, RichzEE 7 o< MITHBEL 2L 25, Sulfolactate DI
BICHEHEEAPRS 5 n /- (Fig. 11, 12).

«DNP-Cysteic Acid

360 nm

2

(=)}

N

Radioactiv
{(cpm x 10

o

Tine ( min )

Fig.11. Formation of Cysteic Acid by Cell-Free System
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Fig.12. Formation of Sulfolactate by Cell-Free System

PlEnZ & &1, cell- free T4, Cysteine » 5 Cysteic acid #%, Cysteic acid » 5
Sulfolactate AWK s 3 Z L ATBD 5N/,

i

A
i}

B, subtilis NRRL B 5580 FRafa e TCA #FEE % @ Ninhydrin RISBEMEIZHOW
T, ZORES LVERE, s5IIFREEHATOBIIOVWTREL 1,

1.
2.

FRa s EA#Ra 1z Cysteic acid PHEETE2ZEEHE2IIL o
Cysteic acid OFEEAE 7 O~ M L2 ERBEEHELL, EIEFRTD Cysteic acid §8%
BEL, FREKBICESGFETIZLEFAD SN,

. RO 1) % Cysteic acid D)L, FhIFK & BEENH 5 Z & ARk,

Cysteic acid FHFENTEAR SN, & ICFRERMEANTERIZEGRKENS D, F
PRI IIRB S N TRD T 5 Z L P e h i,

!

. Cysteic acid X Methionine ¥ LU Cysteine 254G E N, & 512 Cysteic acid 1%

Sulfolactate |ZXFHENBZEAFHEE I L L 572,

5. cell- free RT Cysteic acid # & U Sulfolactate PEHGKEN S Z & HRH 5z,

51 SCHk
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Bacillus subtilis O FfaEmEIMizhIcs A7 4 VBIFET A L é%ﬁ.bto ZDY AT 4
VBRI RO MlaN CE R S MERNE AR ISHINT 2 4, FREAEGIIIRE s i
LFBEZEFHASHLERY, £, FERIZOEER S KUK TREEE  FHLBHI S 3
ZEERBD, VAT 4 VEEEKRLE S CICREBBERT L AR FAZ Y, Y RT 4 Vv ERH
LTy AT 4 vEEVEAK SN, FHERBBRBICEALKT S 77— MioR#ah, ZOMEE % -
THRNIIBET S E2MASPIZL . SNOONBRRIBFEL 25T 2 12T 3R TH S Z
LERD,
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