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Kloeckera apiculata (X Thiamine BRME OB T 5% 0ABEBIIH
O Thiamine FHEEC & v B { HHEIMEE I n 5, EHEIL Thiamnine Fil
HOBBRERC KN EHA Y 5 B89 T Thianine propyl disulfide
(TPD) 2L KS—Carbethoxythiamine ( C ET ) ®Kl.apiculata
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(1) Thiamine, CET % X (*TPD b%ﬁgﬁﬁ@@m@

CETHIUCTPDZAMUTKEEYT S & Kl.apiculata OHBJHE

Thiamine MM ULABE L YREIN 2 OWBE, HAER, 217

BEEBXLUCHEROMNEHELLHLATE2, LALEIN b2 BOES

KROBMEREHCHTRO L 5 %MERS bk, CET . T PDE AWK

Thiamine 4 HAE KF T Kl.apiculata KERIE L O 5 M %M
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THCETOBRTHACEMLZOEIIHAMNKE Y ZE Nk & & Thia—
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HERTEEL b b, £ A Kl.apiculata @E]%%%%%ﬁ& 5 &

Thiamine OHEFERENE & OEAT P DRBEMLL & = 15 B B oW

B, CET2RMULALE IR Lbnk, |
(?) Thiamine ¥R & Thiamine HikOEHE

Thiamine Z LU W XD FEAR OIEFAREMC 2 \v 5 2 Thiamine FH

__.1___



ROEE% L OLNBECETH IO TP DL Thianine & 9 B INFHR#E
HEERTIC Y 2D b T OBIEEEKEIE Pyrithianine % X IF Oxy t—
hiamine ¥ X DT Thiamine DA X VM CEEFINL, LA L T.hia—-
mMeikm%@%%ﬁ%éamCb%@m%ﬁégkegowmumnm
FRMUTEESTIENATh IR BEZHEENE LB OoN %, Thianine %
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FRBBCAESED 5 EBdN B,
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PIELTHRIEEINAR, TADBCET, TPDREMINADIDOTNT
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OHFBEROEREELCD s &AL,
(4) Thiamine ¥ X {f Thiamine FHBEKOER
B4 Thiamine ZRBE T 2B REEH (2 DAL T B 25, K1.
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(S8 e LT) D10 %ICs £ Thianine % Free thiamine O&E T
B LAk, B A% Thianine /4 Thiaminase € X Y FE S+ Th—
jamine * EB L ABS MMM R T 5 & Thianine X FNTHLL
HMREBECEALAIOERBO LN R DR, Thiamine THEE L/ K1.
apiculata € 0 8 ML } U o WS CRREEEERLER 3L,
Protoplast %88 3 2&# 6 0% © Thiamine MR ICHH Lk,
Thiamine Z{Z & A Eéé % L s L& LNk ProtoplastCThiamine
ZWMT 5 & Thiamine DEBMA S bk ds Intact cell KRB EE
BEOEY, InboFEREER I Thianine ORBIHRHEELE
HRECHKBET AL LEEREBTHIOT H 5,
| K1l.apiculata [ T D P ( Cocarboxylase ) % V&M % & Thia—
mine &IEEHLABOERMS N, Lid§~TFree thiamine
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| VD ZOIERWK X DTTDP A Thianine KELL AP D TH 5, Protop—
last # AW T 5T & IC L DT Phosphatase {1 bBELALE s H
%\t Phosphatase HERIZR/RMUL A LS KE T D POEBEBEEIN
7o Thiamine AEEIN 57D Free thiamine DHETH 5T & 77
BEEBED N D, -
TPD& XU CETOKL.apiculatalC X 25 8(d Thianine IKH~
LEFBECEANCAPBORIGHEP CHBEACERILCLLCETE
BIEREARCEMLARBABITE 2R L. tABRN TRERMO
EMTRHELALECETOROEEIMEINA, CET 2 &ET LHR%
REOEREBCHETHECET HRBACEE Lk, TADBCET
ﬁmﬂedﬁﬁmmnKQOTE%EﬁEEEbfmﬁmﬂn.%ﬁm;
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D457 F Sinple diffusion W XD THH LA EFE 2 bn 5, rﬁ'
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1) BEOEBEFABLBECL VEBUS2 EHEEHOBEKF O Thia—
mine OHF %A % Bioautography THH L. ¥ X Antithiamine L&
LCETEARTPD LEORBRAERTLAMBRCETHET PD CHENREE
THAERIC—WCET & LU THBBEVHMICKREINZDSTEL, TPDK
HIEEO®HIKEH " T Thianine I & AWEE E 5 & Uk,

20 CETHEFAWTPDZAMLTEELAHKRKEIT DPOL BRI IH
KD\ L TThiamine ZHRML THEBELABEHEICEL A % D D Free
thiamine $M&Hidh %k, C B Tk& TPDRERWMD XS ZMHEEERL 25,
BMECHZ%ZTD P~OBEKEN TOEIZE? Thianine L Y FERL T B E
THREHEL —H ULAEEZRU Ko

(3) Thiamine ¥ 72/f Thiamine FER*ARUEARL BEHI L (ERER
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EE S - §BE O I Free thiamine & LT& &% ) Protoplast
OBRICLOTHEH T %, EBDOCET %Ak L & Thianine KHENE
EABEN AR Sinple diffusion K DTHRBEARKEEL, TP DA
Thiamine S CETOHHMMZEBEETR T,

@) BMEOREH LEEVYORKEEET L0 B TEEACEB LA
ATHCETORTS A0, KESBRFEBENICEBT 50T Thianine
5®TTDPWKEM|T HICANVL T, Thiamine BIR/M LA & & —MWF
HEME E §REBEOMIC Free Thianine & LTERAZ AW CE TERMT
& Thiamine M LA LS L VEWTIDPERELZ VB WEHEREREL

EOTCHNLA3OELCHATE 5,
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S O Thianine BEAEHSAMINEAMLINTE k225, Thiamine
FHHEO D5 MK Thiamine 2 ERT 5B (LBE. BE. 4
REZE) KWL THIGED Thianine F O HIEREN R4 54 & & 2
%ﬁ%éﬂf\gg?) U# L Thiamine X DNWRI R BN % 5 RRTE#EIN
BRI DONTRERAEFTDCRIBHINTWE W, Thiamine propyl di-
sulfide(TPD) wEIN ZIEMF Disulfide BF M I3 o My
i UT Thianine L DB WEETEIR LD B2 T T 3 O)\ﬁg (. H¥ Thia—
mine AL HMINTEL % AlkylnercaptolbA WM % RET 20 T
BAEWNnpEEL bl s, B5H5iC Thiamine & Alkylmercaptofb & & @
WM Thiamine BIRFRMIC < & ~HEFE I %%ét&(a(f) Thiamine35 &tk
& Thiamine i { bRABRN TCOREENE .\ COLdDF -+ 27—
REHLNRBEEPCHREINLEBD R Wi Thianine L b BA7E# %
Y ENS R VMO LON, £~ /v — FNEE A Lo T o
DIEHEREC  HEROBAED Thianine B8 % HE T 5 &y 1% 21 L
TIREZNTERLZDERIEEIN K, TPD 2O MiD Thianinedil
ERFMREOMO B WMAIC Thianine L VABKEBT 2 LBEC D
ZEECIpHREINTKH g)ﬁ?\mﬂ@gl‘m k%%& "fé%%)a?c L% ThiamineFFi
BOE YT AR Thianinel ME R LS REAUTCEDEBBOERD 3
ThianineBHMED RGO REEBAT 52 L 4 TE 2, L L
Thiamine & Thiamine FEBIEEN K22 VRE Y., L hrOKED
ALz ihn Thiamine@ﬁmtgbiﬁﬁ%f%éé LBbh., o
RBEROE LR > ThbbN S E & HFESA 5K loookora apiculata

( IFC 0680 )i3 ThiamineBERMED R TH 545, ThiamineFLfh %
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(3¥4)
FMAT LB TES, BB Lactobacillus fermenti 2% Cysteine

TOMORTHEDEEZHEHCRMUA L X DD Thianine FHilhth% I FH LB
BDWLINUTEBERILTDO L5 ZWEDRIM%Z LI Thiamine FHititk % F

® : 19
AT rZ L EEETH B, B L. fermenti, Esiherichia- coli’ 70-28,

Saccharomyces cerevisiae 77539)2(_ T U THERFEEDOHB N S~
Carbethoxythiamine ( CET ) iC X » Thiamine X D’}‘ﬁ(ﬁﬁﬁiﬁﬁﬁé
NHORBREKRDBK[THD, EEHRTPD B LFCET © 27D Thianmine F
§¢%¢&&LTKLamcMam’mtmjé%%ﬁﬁﬁﬁxy%wﬁ%%
FiLONTHRELEO THRT 5,
LRI RHUNAOBEELER L,

C ET 2 S—Carbethoxythiamine

T P D S Thiamine propyl diéulfide

C BT 2 S—Carbobutoxythiamine

DCET : 0, S —Dicarbethoxythiamine

TTFD

Thiamine tetrahydrofurfuryl disulfide

TATD

o0

Thiamine —8—(methyl—6-acetyldihydrothioctate)
disulfide

BTMP { S—Benzoylthiamine—0—monophosphate

S8 BT . S—Benzoylthiamine

T D 8 : Thiamine disulfide

T D P.: Thiamine diphosphate

TMP ﬁ Thiamine monophosphate

tg Eg © Equivalent to Ag thiamine

M B : Methylene blue



2851 % Thiamine, s—Carbethoxythiamine
¥ XX Thiamine propyl disulfide

D Kl.apiculata /T 7 \a 3 % BAGEIR
e :

E1E Thiamine, CET 3 L X TPD D Kl.apiculata
Clend b EHEEEDLR
£ B FH &
() Kl.apiculata 5% -

Hoff—J$rgensen O kM ( Tab. 1 ) 2 HEBEREME LTHNWE,
%K%bk%%&ﬂﬁ%%%%2ﬁ%#~b?v—fkf&75@/%?
BE L. MR AR RS LOREREKIMA TR 4L L,
RIS #&E U/c Kl.apiculata O B AEKTABRL EHE Lo 1 Ems
302 oMBBERELK,

Tab. 1 Basal Medium for the Cultivation of Kl.apiculata

(Double Strehgth)

Casamino Acids 0.5g Choline-HC1 400 ug
(Vitamin free)
Nicotinic Acid 100 pg
Glucose 4 ¢
* Pyridoxine—HC1 100 pg
Salt B 10 m1
Ca—Pantothenate 100 ng
15% Na—Citrate—bHL0
Solution 5 ml Biotin 1 #g
2% L-Asparagin
Solution 2 ml
meso—Inositol 2 mg

Adjust the pH to 47 and add water to make 100 ml.
-3



* Dissolve 22g KHpPO4, 17g KCl, 10g(NH4)3S04, 4g CaCls,
4g MgS04—TH20, Olg FeClg, 0.1gMnSO4, and 10ml conc. HC1

in water to make 1000 ml.

@ BEO [T
HYABEEHZT LRI IFHBELEH THNTEERE 610 ntit BWNT
B Lo
(3) HEEEOHE
 OREEE 3000 rpm 1 5AMERE L THERE LK T2 ERES
9 0 TEEE RS THIL (2N R L.
@ IS BRBEORE
ERUILHEERTTFE R K jeldahl E K L DBEESL R, O
6.25%FL Iy RI2EBELL 1,
5) BHROEE

Thoma O MERFTEE® BATHE L.

£ B B &

(1) EFLEOBBEREED LE -1 ( Fig. 1,2)
WECHIEMIC X5 TPD , CET , CBT %X DCBT OMMMERK
% Thiamine & i LS/RL 7, CET 5 X0 TPD 2AMLUABACE
HIGED Thiamine 2 AWML 2L E L VEWNLO.D. 2R LM ( Fig.l )
CBT ¥ L(U'DCETWICET &@%iﬁé’ﬂiﬁ'ﬁﬂbl% b b3 Thiamine &
DIE WEELPRI Ah27, ( Fig., 2)

2) BFEEROWBREMRED KB~ 2 ( Tab., 2,3 )

Thiamine, TPD B LIF CET OBEEEE 2 HE, RBEEKEE,
-4 —



- Pig.1 The Growth Stimulating Activity of Thiamine

Derivatives on Kloecke:é aplculata

FP
>

at 610 m

o
[
&

-~0— QET
—&4— TPD
—e— Thiamine

Density

o
.
o

Optical

4. ¥} el

0.02  0.04 0.06 0.08 0.10
pug Eq./tube

o
o

Pig.2 The Growth Stimulating Activity of Thiamine

Derivatives on Kloeckera apiculata

&

0.8 |
O
Q; CET

Thismine

B 0.6} '
By
D
o
3 0.4}
()]
3
s
8 0,27
g, . _ Dbemr . o
D —0 " 0—
o!
O 4

00 5253 - 5200 ‘0:06v 008 L
| 18 Eq./tube.
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Tab. 2 Optical Density,Cell Counts and Dry Weight of Cells

after the Cultivation with Thiamine,CET or TPD

Concentration of samples: 0.5 pg Eq./40 ml

0.D. Cell counts Dry weight.
. x10! cells/ml mg/ml
Thiamine 0.527 4,01 0.23
CET - 0.787 T.25 0.39

TPD 0.680 5.54 . 04,32

Tab.3 Optical Density,Dry Weight and Protein Contents of the

Cells after Cultivation with Thismine or OET

Concentration of samples: 0.5 pg Eq./40 ml

0.D. (A)Dry weight (B)Protein B/A

mg ng A
Thiamine 0.83 14,6 8.5 0.57
CET 1,17 27.2 14,7 0,55
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B2H TPD & oET OERMEOMEE

FIHEWLALLOTPTECETRER K K1.a§icu1§ta iinl
T Thiamine & D MBI &ML AT, WE O Thianine~O BTH K
KENESD B, §%ZbDHTP DidCysteine, ‘ﬁﬁ@% NI T AREDE
THNC L A S Thianine W BT 2D LWL TC ET B3RTHIO ER
PRI, BERKC Thiamine K ZfL L . BpERkic & A& O Thiamine
«®Ek%§ﬁ%k§&§ﬁébng%C®ﬁ%®%ﬁf@%ﬁﬁ$idm
THEREZTE 2.

£ BR H B |
() Thiamine , CET 3 ARTPDZRBLAEROEE
ThiamineBZ#HIRL B HTHEL TRLALERKRI 0 ng T EHER
YEKd AM L. 0.0 1 MERRE®ENIC T pH 4.7 & U Thiamine , C B
TF7@3TPD1Qug Bq 22 30 CIBERRBLEEZAHEmMIN
7z Thiamine d L < Gi%i%@éﬂiﬁ%ém’%@ht%%énf:a) T, Thic
BEHEML T4 nl Pic0~0 1 pg BEq. ® ThianineF L RFHEKRZ S
BLOBWULS 0, 2 0RFRERO.D. DRIEETZ 21,
@, %ﬁiﬁtﬂﬁm Bioautography
Wtk % E AT 2EYERHL 01 NERTO 0~ 9 5°C, 54N
U fll R E REFSAS 0120 B cn—7%/—rik=1:

.

CE L BEALE LTI RENL. RERFEL 1 055 LATFEA &%
PEsEshic AL Kl apiculata #HE LT3 0C 2 ORFHBERIBEE
EHIE Lo '



(3) CysteinefLEE# ™ Thiamine® %2 T P D O MFE{E &%
HEHCKBES Ong % &% 5 X5 CysteinelERIET 4. BED
ThiamineZ xR TPDZAMLE 0, 304HRERBL., Bk Ki.
apiculata ZEML30¢, 2 ORFHBEREHEBEELAE L .
) Takadiastase MEH O ThiamineX 72X CE T DEH
BEMBICKBIE25 Ong % &% 5 L5 Takadiastase B %14,
Thiamined LS ZCETA#MA TS 7TC2 4AREMEEHKLLIO00C, 15
SERE L . BHKl.apioulata HML3 00, 2 0 BHME%RHE
EEAIEL '
(5 Kl.apiculata O [FFFEEEE
N.Sandfsf T.Yanagidg?)»fb DHEEBEL LT ROBIELTOR,
Kl.apiculata O 4MERMAEERE L5 0 0 rpn, 55HRLT 5
et SERETC L SO THOKE SE£54 . BoNLBEEEEBI
BEE (10° colle/ml ) KITAEIE30°c, 2EREFERL 20 bR
BEaOBH Tl 0 0BcERLI30CTRE SBEELTEA 2k, 1 54
CrkERE Anl EARUBEONEL bU CE O M % 7% 0%,

£ B R &
(1) ThiamineZ %R CETHRBEHOMER ( Fig. 8)
Thiamine it C B T % M8 L BIfko 2 0B 868 K34 o 1 S
% Fig.3 WRL%E, Pig.l OBHALFEHCE T RN MR i3
‘Thianine MM LV H <. CEBT REEREAKD THECKRIN L
& %L H Thiamine & D BHWITEMEM 2R U .
(@) CE TRIEENOBEREERD BE (Fig. 4,5)

ThiamineZ A BC ET2EBUL-EHAELTIREL o5HE UNMHEE % KN
.



wHIET A ENSEHORECHEREOESDLbR L (Fig.4 ),
Fig.4 WBWTCETZ2ARMUCEEL AL CHKOMBED
Bioautography % 7% 5 & SABAMA% SEEMO WAL B C B T BEb b
N, CETRZTOIIDETHBAKIKEDIINTNEZ EMRENTE,

( Fig. 5 )



Fig.3 Growth of Kl.apiculata after the Accumulation

0of Thiamine or CET

After the accumulation

Without preincubation |with preincubatio
1.0 ) I.O‘in saline
by
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S 0.4 | 0.4}
©
e —o— ' i
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Fig.4  Growth of Cells Accumulsted with

Thismine or CET
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Fige5 Bloautography of Cell Free Extract of Kl.apiculata Cultured with CET

Solvent system Acetic scidin-Butanol:Water (1:4:5)

: TDP

0 .3 - CET Thiamine (CO carboxylase)

0.2
P
o
<
g o | |
r
3 Cell free extract
0. 3¢
© 3 hours 5 hours

0.2'

0.1 __’__m_,—‘

.0 . " —




g.6 Growth of Kl.apiculataiafter the Accumulation

of Thiamine or TPD

Without preincubation After the accumulation
0.6r 0.6,with preincubation
in saline .
B
5
a 0.4 Q47
[})
o
~
g
Eio.e | 0.2}
o —s— TPD
—~ Thiamine
0 y . 0 : —
0 0.05 . 0.10 -0 0.05 0.10
pg Eq./tube

Tig

Optical density at 610 mu

.7 Effects of the Amounts of Inoculated Cells
to the Activity of TPD or Thiamine

1.0¢

—O—TPDv
-~ Thiamine

0.5}

1 10 - 10
Inoculated amounts

8.4

107



Fig.8 Activity of Thiamine or TPD after Cysteine Treatment

on the Growth of Kl.aplculats

After Cysteine \ Without Cysteilne
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Fig.9 Activity of Thiamine or:CET after Takadiastase
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(3) Thiamine¥ 7R TP DEBMADCHEMEE (Fig, 6)

T P D %43 &ifkrh f%%ﬁbf:%@%%%ﬁ& 5 & Thiamine & [&~—
DBFEBMBREEON (Fig.6 ) ABTPD REBAEKP CHECE
Bdht L B4 CTRELI Thianine ELL T,

@) TPDOMEREM I LITTEREREOEE (Fig. T)

Fig.6 OPAOEEHBIBROREHFOM L0 iENT 2, £E
HESESNIHK Thianine L ABREOBE R LA RI AL D2ENI TE
BEZLNDHOT ThianineF 23T P D 0.0 5 pglg .2 {risbicBE D
HEEO 1071~ 103 O MBEEBL BT 2 LERERO S0 h
7H 53 TP DiE Thiamine X DEWIBHEREME 2R L ( Fig.T ),
(ADEEBETT P DA Thianine EFZOFEM L AR I LA DD 3 BEEE -
BOEETIR Y,

5) CysteineLEB# D Thiamine® L{FT P D @ HE{REM ( Fig. 8)

Bhth TCysteineAEB %7 D TT P D % Thianine KL I &0
LrBErEELL L EOMAEE Thianine KWL TRAMBEF 2%
BEDOHEE L LB UL, TP Di3CysteinellE % L ZWIFA & ElEk
Thiamine L ¥ MNEMER LA (Fig.8)o ZBEEMHETT P D 11gEq
% Cysteinefl¥ L/ & & 35241 Thianine KBTEAN0O T LEER
TTPDRALEMET LMK Thianine KB L ThizZ L RHA L HT
5,

6) FHYT2H~EMEHROD ThianineR 7212 CE T O MEMEIDEM(Fig. 9)

CETRIHITRY —HMBI LT Thiaminebcg’fﬁ?é(?g) cé)
L 9%MEB% LikDBizid C E Tid Thiamine & F%D MAEREEE R L

(Fig.9 ),

TEDHT P DR EOFEMUMK Thianine K ZLLTNTS &k %
-9
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ThﬁmMelW%ﬁ%@ﬁEﬁ&%bkﬁ,dETbﬂ&hmMel@%m
W ES 2RI R ORRIBELOEMBRCETOHTH L EBBLEL
Bbh b,

(1) Kl.apiculata® Fﬂaﬁi%af%zcz Xi{¥4 Thiamine , TPDE¥ X3 CET

DFE (Fig.10)

Thiamine . TPD T ik CET#MMLCEAER TR L Lih %
"ML S W1IBEHoFEHOO LERSBEMULBTPDEHML
felEigiz 2B HOAZ M ThianineE 2B C BT ARMLAL L EL R
D . CETZAEMUNEA ThianineRME BRI BT 254 EHH
D5 BAHE T Thianine S D EBFEF R S bbb ( Fig.10 ). % b
BTPP&CETM%K%@—&R%@%T%ﬁTPD@%&%%%@@
#, CETREHMEEPORPOMBEERET 5L NIEBABHI LN T,
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o

Fig.10 Synchronized Culture of Kl.apiculats on Additiom

of Thiamine,CET or TPD
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E3H O EE AR b I N E

% =3

TPDHBLFCE T BHIGED Thianminelt N J:b%%( Kl.apiculata
DHIEFRET AL REIBRALLL SCBE. BAEE. ¥ <28
BIUHEHOWERERDLS ., T 2B 2B RLEL IS C@AHBEHEORED
BONTH b, LELBAED Kl.apiculata RIEWT I2BERE|A>TH
VEB2HERULISRCET:2BMPTCIILS TR —F¥irLoT
Thiamine KBTE LD LR 4 5 & Kl.apicuiata i Thiamine FSIIBE
ERUHBEEE RS, CET ¥ EEAEAD CHEACERI® Ch % i
AN THEE S 5 & Thianine L W B WHEE %2R~ L, 3 f:i%%:%ﬂ;iﬁac it
BHRRIC—WCETOMCTRET D L pHERINL, CET BEHOLE
Kb bFCETOMD I HANIKSEBT 22 LI LD T Thianine &
DRNIBHEREE T RT EE 2O b, —HTPDRELHK Thiamineld
52%7“!:3& TPDOBERZBRHIN T, HELOEMI L VAL Thiamine i
BILIN DS, T il T Cysteineld L B Thianine K BE Lt bicE
LT3 Kl.apiculata 3 ThiamineZRMME LV BNWHBEE LR L. 3
REREBEKR THRCERE Lo o 2 8Mkms C% < 5 L Thianine
EFEORBBEREMELARIANT EHLBHOFELET T Thianine i€ 1k
35 LM Thianine L Y BNWHEREGRE RT LD LELAbR 5,
Thiamine , CET , TP D %ML CKl.apiculata ® FEREEE2T %
5&TPDREBHEBEPOTE., CETRBBBEYTHONk, chZTP
DECET®Thiamine~OELERECEEFT 530 CTH55, MED L5
KCETETPDRENEFNELE DB T Thianine X B NBEFEREX:

ERTEEZEL LN S,
~11-



N ¥
CETH I TP Dz Kl.apiculata DML IEED Thiamine £ D

BCRET 2B 2O EMICERD LS ZESD LN,

(1) GEEEAAT CHARERE LT AL BBICML THE LE & & 05
FEHIREM X C E T3 Thianine X VDD EZWLTT PD R

- Thiamine EFFTH D7, ‘

@ BBV BNTC ETR—BLO IO THEANKKBHEIN 24T
PDR*D3FF CRBHINFTHEHLHIC Thianine K EILL Thi,

(3) F¥Hih T ThianineK BIE L O bHETEBLCEELL L EOBMAER
##12C B T2 Thiamine & M CH oL DKWL TTP D it Cysteine
BILE2TA27DO L3 Thianine LV EWEZ R L %o

@) Kl.apiculata OFBREELTZ LT P D IWYEBEBIOWE. ¢

BT R% A Thianine DIEFHREM L D EF BN,

—192—



=2 %“ Ki.apiculata (C 33 % Thiamine
F ¥k L Thiamine FEHAD B

Kl.apiculata B 5 Thiamine & ThiaminefEM & Lo BEHE IO\
B 3983 i

T X Sakuragi, JIBOL K X VHEINL T B, ThianineFHE MK o

TRBRHE I THnEWNn, TPDBIKCET OHEBEREND Thianine T

BRI ODNWhBEEBEY 5T H0EREL .
51 Thiamine A & Pyrithiamine O FEH

£ B F Ok

EBEH 2 nl i ThianineFHFEHRAERK 1 nl B L Pyrithiamine ¥
W1 ml &imi. Kl.apiculata ZHEBL T3 0, 2 0 REHI5EHE%R610
mp BT HEEEREE Lo

£ B R &
() ThiamineFEED HMREMICE LT PyrithianineDFH
(Fig.11)
0.0 5 #gBq @ Thiamine%‘%ﬁ:m WL TCE&ED Pyrithiamine %
WML L a0 BBHAEMR ( Fig. 11 ) ¥ /RL 7o Pyrithiamine #8
BLE LA & EFGEOHMMBEE L Thianine L DE A Pyri —
thiamine® M K b %0 HEREK 3% ( HEEN 7,
(2 T.hiamine%iéﬁi&c fe\nd B Pyrithiamine® #Hlth ( Tab. 4 )
FREZEBEMOBEOFEERICONTITEWRRIC LD CPyri

~thiamine € L 2#iifltk % ThianmineH Z L CTEH L FDEE% Tab.



4L,

50 #fHEwEF 5% Pyrithiamine & (#gEq)
Thiamine % 72 {3 Thiamine FHHE (#gBEq)

mE =
Thiamine fo\n§ % Pyrithiamine O Ml iz 6 0 T Sakurag?l), J
ﬂ:%”l’g@#&%kf:{éao—ﬁ Lice TPDB XU ZDOMOD Disulfide @%éﬁt
i ng 22 Thiamine i e W 2PHILLIKEWE T H D fo 88,
Acyl B & X {f CarbalkoxyHl FH AL fon T 5l H i3 Thiamine iT /¢
W BMEILE R DEMD Y, Pyrithiamine i Aoyl B & X {F
Carbalkoxy & FLUKOWMERELE T BR(BEFLICLBHLRLED

2o

—~14—



VPl

o

Optical density at 610 m

11 The Influence of Pyrithiamine to the Growth

Stimulation of Thiamine Derivatives

Thiamine

Tab.4

0
0.5 1.0 0 5 10
Pyrithiamine pg/tube

Inhibition Retio of Pyrithiamine to

Thiamine derivatives

Compounds } Ratio
Thismine | 50
TPD 52
TTFD 51
TATD - 40
DS 41
BTHP 6.1
SET 6.3
CEY 5.8

14.2



B 2%7 Thiamine 53R & Oxythiamine o5 o

F1HICHANT Pyrithianine REEH K BN TR Thiaminell tn L
THRANEFRIER%2 R4 5. KB AN Oxythianine RBMWERN TIxHE K
BHERZRT A b b, BEHIBNTRBERERBIF . KL.

6]
apiculata KB A2HEHELIZH 20000 H/EI N TN B,

£ B F &
(1) Thiémine%éﬁk@%ﬁéﬁi@ﬁbc 72\n94 % Oxythiamine @ E&
H®1HICBNWTPyrithianine O BB HE L ic k% B,
() B Thiamine U < it Thiamine Hilktho T8
HETERREKCT2EESR 01 NERICT 1 5 SMRBML L,
HE I DT BrCN—Thiochrome #5iC T Thiamine BOEE 2T % D
oo %% ThianineFHEEE F LHHER K P W TR TROMLEETAE2DT
ThiamineZFiifk % Thiamine bc?&k{té&f:ojé BrCN-Thiochrome K
IB% % D, ‘
TPD ! RE 1ol tHREERCTCpH6ELZ L 500mg% Cys—
teinetBMIBER 1 ml #M2 T60°C. 3 0NHFERET
%,
BTMP ! TPD(FAKCysteinefiB% T2 27D bL, pHASL %
L1%9 42725 ~€¥BHK 1 nl%Mmes 0, 187
RET 5,
CET ! %K1 nlN-NaOH 1ml%ms Ck#EH 3 0°c, 55}4

MRIGHEN ~EBL5nl 202 CHRMELE T 5,

—15—



(3) B Oxythiamine OEE

' 6
Q& FEREI LB -MEd % Probullda ROEEFHWTEE L.,

£ B K #
(1) Thiamine HKD HMEEM I 2T % Oxythiamine D ¥ B
( Fig.12 )
ThiamineFH LK 0.0 5 #gBq KWL THED Oxythiamine Z /M
ULkBEOBERERR (Fig.12 ) 2/RL 55, AERICHAW K Thia—
mine FHEMiI Oxythiamine BFEE L AW & B {d Thiamine & D3N
BEIHREE Y TRT Y 2:0b 53 Oxythiamine DM L U Thiamine
OHE LB BBERT 1
(2) Thiamine HYMBIC fc\nF 2 Oxythiamine Ol ( Fig. 13 )
| Pyrithiamine ®3FA LEKRIK L CHFILESTE L /o4, Thiamine
ing 20k FBEAC 2T 2106l & D3 Pyrithianine @
BAEIVEETH O (Fig. 18 ),
3) Thiamine FUMKDEMRI B LT Oxythiamine DEE ( Fig.14 )
MgJZJ3@;5mﬂﬁkwk%ﬁ%m%%héﬁ@%ﬁ%?étb
Thiamine ¥ LU HEKOEBE~D LY T AW TOxythiamine 8
N2 EBEREBIFELTHhLNERE L, Kl.apiculata‘ 5 mg
(EHBREE ) ICWL T ThianineFHK SugEq BIUBED Oxy—
thiamine 27ZsMUPpH 47 , 3 0 C 1 Bl D B Thiamined L
RBYUERBELEET AL, ThiamineDEME 2 1000045 D Oxythamine
OEMC LI HTHEI DKWL T ThianineFEHEK ORI

ZFNLLTF O Oxythiamine DHRMIK L 0EEI h, BHERER NS S

EarABERGRRS bR T,
’ —~16—



Fig.12 The Influence of Oxythiamine on the Growth
Stimulation of Thiamine-derivatives on
Kloeckera apiculata

0.D, _
N Thiamine~derivatives
. —_ 0.05pgEq./tube
0.4 \ \‘\"\‘

Oxythismine pg/tube

Fig.13 Thé Inhibition Ratio of Oxythiamine to

Thiamine-derivatives on Kl.apiculata

Thiamine

TPD ]
TATD - )
TTFD ]
TDS ]
BTMP ] )
SBT ]
CET |

— | ]

0 10 102 100 104

_ Oxythiamine at 50% inhibition
Ratlo= amine-derivatives
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Fig.14% The Influence of Oxythiamine on the Accumulation

of Thiamine-derivatives to Kloeckera apiculata

kg

S5ugEq. of thiamine-derivatives added
to 5mg of cells in saline '

5 J _
L\. \ Thiamine

5
/

-0
’
"'
/
/

..‘ ,\\ a
L ST

"‘Eh—’ ] .
1 10

100
Oxythiamine (mg)

o

Total thismine in cells
O
=
/\

Fig.15 The Accumulation of Thiamine-derivatives
- and Oxythiamine to Kloeckera apiculata

100ugEq. of Thiamine-derivatives and
Oxythiamine added to 15mg of cells

Thiamine ]
TPD 1
BTMP . [ ]
CET ]
Oxythiamine ]
0 50 100

Total thiamine in cells (pg)
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) Thiamine FH#M # L{f Oxythianine DR ( Fig.15 )

Oxythiamine & Thiamine%igﬁk@%ﬁ’%ﬁﬁ%?’Z)?bi"Oxythiamine
HHEORMEE% Thianine® X ThiamineFHE k& k4 2 & Thia—
mine BHEIEBEINE L. DPWTTPD,BTHMP ,CETOEEAD
Oxythiamine # CE T X o%%a;éjm%%fa%%%w:o Thbb Oxy—
thiamine 3 Kl.apiculata K LD EBINIBERENENLD
Thiamine 2 D A2/ & & ThianineDEBRK WL TR EASEZE %
BIRLBENWDOR WL T, Thianinek DEBHE D ENBERKIC 12
LTRBEEE2BIET EEL bR 5,

(5) Thviamine HEEEEHO BB H $I1FY bxythiamine D&
( Fig. 16.)

Oxythiamine i3 ThianineFH KD EFE M BET AN, o1
HEEI Thianine FEBE 4 EEI L0 b Oxythiamine %4/ L 7 &
&, TOMIEREREC A NT IEENED L O CENT 502 B L,
Kl.apiculata 80mg i€ Thiamine FH&E K5 pgRq Z I L pﬁ 4.7,
80°C, IRMEBET 5 & Thianine et i3+~ T Bk K L1 X,
COFEEEHRLTO 0 51gEq © Thiamine FHG* S HEK L RS
CANESE LS ED Oxythianine 202 T3 0°¢ 2‘ 0 FFE BRI
FEEZEE L7 ( Fig.16A ) % =i B & UTH—®&I 2 \»L T Thia—
mine &K B LU Oxythiamine % FHICFEML 72384 1€ DT & #Ef
U7 (B ), ThiamineiF A L Oxythiamine # R EML 7 & 2 &
FEEIL AT 5 Oxythianine DEBICREBS LN, bbhLd

- BfRIC Thiamine B2 EEI ¢ -0 b Oxythiamine 245/ UL KB &

CET B2 Ede B B2 MBTMPHE LT PDI2Thiamine

—17—



EEBRZBBESR L, LD T Thiamine FEE OMMBREM i/
\Wg B Oxythiamine DEBILZDA LN 5F 1D REAIZ ThianineFHFE

HROoBERIC L AEHBIc L XL ITF Oxythianine OEEBOETHS 5,

—18—



- Fig.16 The Influence of Oxythiamine on the Growth of
Kl.apiculata with Thiamine or its Derivatives

~ S ____o \‘ \ N
[ RPN \ \ \
—— Thiamine 0 % \\‘ E
. 0 —ooeeslRLde 9.2t Tl ‘°>'~/
0.2 4. TPD .2 o-- g
—a— BTMP
cestees CET
0 Lp—. . . e, 0 Q— . . . .
0 1 10 102 100 10% 0 1 10 102 103 10*

Oxythiamine pg Egq./tube

(A)Yeast cells containing 0.05pg thiamine or its
equivalent derivatives .

(B)The same amount of yeast cells in the broth
contalining O:OSPg thiamine or 1ts derivatives

18.2



E3HT HEE A L KT/

% 7
ThianineZFHEEXD S HLCET , TPDHBIFBTUPH#EAT Ki.
apiculata i %13 % Oxybhianine L{fPyrithiamine L DHEHE L
L ANfops, —RAYIC T LD ThiamineFF&E K3 Thiamine i N Oxy—
thiamined® X {f Pyrithiamine K X AMHIfEM % L 0B ST, T
BR 3 Oxythiamine DHFALHILHEE LA SN CE T i3 Thianine D HBAD
1/1000®O0xythiamine K X VMHFIEAERT /o TOTLIICET
ZOM®D ThiamineFH A Thianine W BT I L HRTIC ThiaminefEH &
DEBEXT AT LEBRT 5o TO—D2& LT Thianine ¥ 73 T O FHH
hoEFEBIC -2 v:—g“%ggégi%z b4 %, Thiamine% BIL BRI R % & &
Oxythiamine %< 5 & Thiamine D &EFEiz 1 0,000 ﬁ%@)xythiamine
OEIME 03 L:a:brﬁﬁ%éﬁf:@ il €, Thiamine HHE KD E K
] L T2 Oxythiamine @i’gﬁ-’éi)i"é%bcﬁbn\ HIERERE IC I 5
%Mf?/‘ﬂ&*é%@ﬁgﬁ:bié-gﬂko o5 CHHEAEIC Thianine BEKR T EFI
7D L Oxythiamine 2 A MU THEL K L 5 OHESL L 2ETP D, B
TMPR7ZWY % Oxythiamine @#ﬂ%ﬂf’ﬁﬁ%ai ThiamineiCc\wd 5 Fh &
FEFREBET O, cmaﬁ LR3TPD,; BT Mé BN TE S Thiam ‘
mine WEALT 57 TH DT, Oxythiamine BELET A EETPD E L
U:’B TMP zﬂ%mc%%én'c ThiamineR BT AT EMTE RN BHIR
WIIHIER 2T 728400 %, CETRODWTHMERTA D5 & & 5]
GIEFRREEINALHNTPD ,BTMPO LR KAEEAN 2o,
CETREARKEBEINIK LS { Thiamine~OL{LEE R ERn % 1oib o D

LOREREELLDOTH B, B EDZ &5 5 0xythiamine 28 Thiamine3h
—~19—



HAOHEGI L 2EHTREET 57D Thianine~O BT HITH I 1,

IR EESTIFI I EE L LN b,

AN ¥

(1) Pyrithiamine # X{fOxythiamine @3CET, ITPD,BTMPO
Kl.apiculata KitW¥ 2 E7EKREHE % Thiamine ® BITE{RMEME X 0 %
<HFIL 7o

() Oxythiamine i3 ThiamineF BAOEM% ThianineDRE L D 358
CBEE L,

3) ThiamineFTGHK 2B LA LOBEAKIKER I D L O0xythianine &
WML CH%E4 2LTPD ,BTMPBEAEANTESK Thianine W &1L
4 5® T Oxythiamine & & 2 HIfEfFH 3 ThianineD B EHMEFTH
7epS, CET 3 Thianine~OELBBELH RO LPLBRNAAFIIEHAEZ
71,

@) Bl B2 SESTE{REMIC 7ond B Oxythiamine O B0 EZ0 KERIEHK

NDEBRBRECET IEBOECD B LHEE Ui,

—20—~



# 3% Thiamine, S— Carbethoxythiamine
F 72l Thiamine Propyl disulrfide
mm%%%@§%¢%mmm@ﬁﬁ
HOAEALY

BIBEKRLULALLSCCET , TPDRAMULCHEELREECET, T
PDREMRHR T Thiamine i 1k § 5, ThiaminelREMKNTIZY ¥BILX
NTTDPREMLERRCMEANL GLTHERLE L COEAERL . Free
thiamineD M TRIFBERTT ENTER WV, LEBOTEHEKPOTD P
FENEZINEFTOHEOHEMEILET L LEEL bR b, ﬁ@%?k%%bc&b
CEN/ThianineBWARR TR INCT DP LT 20BRB0BA R
HiC Free thianmineBEBEHRCEEINS, CET , TP D% &ML T
BHLALSEAEHRT D PEEA Thianine RMOBRL VB %5 & EE
i LN 450 T Thiamine , CETZXRITPDA2AMULTEEL & oD

Thiamine& &% LUK TOF EH 1L D W THES % T4 D7z,
FE 1T HEAH Thiamine % & (XIC TD P BOEAL

£ B F &
() HEEH Thianine BLFTDPEDOEE
BT EEAEKT2EESE®R 01 NEBICT1 5 5MEBHBE LEE
# % H# BrCN-Thiochromel R TEE 4 5 L i L U Free thiamine
EERO, ILCHBEA I nlitknlTl % 5“1*/’725'—4:'B‘i§1m1
Z50°C, pH45, 2HEERAIC O bES ?%Ctzci/)’c Total
thiamine& 2R, MAIEME P ZE 55 Y ¥ #H{LX#u/z Thiamine (T D

PILSBETMP)I)ESRD I,
-1



(2 BEEMHMED Bicautography
MEFBFR LT AHMERERE TEBERBEFETFE4502780%
T /—MITEB L, Tab.5 K%bkM%MSR%ﬁ%Z%%ﬁL%
Ke BB LD HL. fermentiD T AWK ERA UERFRE FEH L 7,
FRoFHK A EBRERFEFRECH L 54HEs>T -0 bIFKE R v E
D, 3T°C, 2 0NSRIKER L. fernenti® MAH 2 b ThianinefEHHH
DHEELZHERL 1,

Tab, 5 Macias R medium

Casamino Acids 1 g Guanine 2 mg
(Vitamin free)

Uracil 2 mg
Glucose 2 g

Salt CX 2 ml
D—Xylose 04 g

Ca—Pantothenate 100 nug
Na~Citrate—2H30 16 g

‘ Nicotinic Acid 100 pg

D,L-Tryptophan 0.04g. '

Riboflavin 100 &g
L-Cysteine 0l g

PABA 200 pg
K3HPO 4 05 o

Pyridoxine—HCl 400 ug
CaCl2—2H20 01 g

Folic Acid - 20 pg
NH,.C1 : 02 g

Biotin 2 tg
Adenine 2 mg

Adjust the pH to 60 and add water to make 100 ml.
X Dissolve 02g NaCl, 08g MnS04—TH30, 4g MgS04—7H20

and 02g FeS0,4—TH20 in water to make 100 ml.

—29—



(1) Thiamine , TPD , CETHRMBEFEOEMA D Thianine DHEEH

DE ( Tabb6.7. Fig.17 )

PR L E % B L D&\~ Thianine , CE T 37 T P D % i L Tt
BUALLEHEERCET , TPDRRMLEBECENEE R LKL,
Total thiamineB W i1 3 @%i)ifﬁkﬂ-i)i\ Thiamine Z 4L THEE
LB ®ICIZ 283~42%0Free thianineBREINL DKWL T
CETEARTPDZEARMUTCEELLEAER I Free thiamine i3(%
EAERBINT T DP ( Bioautography THR IO A MM I, %
REWR L nl VO TDPEER2 0BFMOBERCIBZEFELWEL R
VIBTEEOZEZR T D P~NOEMKRLEEFHIL Thi ( Tab.6 )

1 3REHEIEEE LB RO I D Bioautography#fT% 9 &Thiamine
NI EWIC I3 Free thianineB LT D PHHHIN, CETH Lyf
TP DARMBEREICIRTD P O In T Fig.17 )o L7ct8DT
Tab.6 /R L 7 Phosphorylated thiamineid TD P &#2% 5 &8
TE 5,

BHEE D Thiamine 7213 Thiamine ﬁﬁ{z&%?ﬁfm LB &ic Ri80E
BCRESIONZ N, 4 pgBqRMO & & Thiaminez&m%%éﬁac 3%
B D Free thiamineMFHEL TV DOLIWLTCET , TPD %%Bﬂ
ULTHEBULEERICII2~ 8 %@ Free thiamine LR EEI nh iz
YT ATNMELTHEE N, 40 pgBq. BAMOBAETotal thia—
mine B i3 Thianine MO BEBEEE 27~ L. Free thianine T H X
ZHET AL Thianine /SR MERE O Free thiamineid 6 1 % TEEE
R ULkce CB TURMEEZETED Total thiamine B2 REWETH D 4

TORBLITDPTHDOo (Tab.T o B ED X5 K HEEEKD S
—28—



mCETﬁLUTPDm%%Wf%%fTDPK%%LT%%C&ﬂ%%
nit,
() WEFEBIKDP O Thiamine O HFEEMALL ( Tab. 8 )

Tab.6 EEAFHFKLEEZ2EDOHEAEF 1HKEKTHERLCLDT
Protoplast # P8 L T Thiamined & ( Total thiamine ) % HIFE
4+ 54, Thiamine¥EMEEEFE O Thianins BHEBAPPE ML DL, 0
FROESHKEBAO Thianine 23 Protoplast ThbbEBETIZHR

HIhie

24—
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Tab., 6 Free and Phosphorylated Thiamine Contents of

the Cells of K1. aviculata -after Cultivation

with Thismine, CET or TPD

v

Cultivated in 100ml of medium contained

2pngkEq. of thiamine, CET or TPD

Cultivation Growth

Thiamine contents

“time Phosphorylated Free

nours oD. pe ne
Thismine 13 0.243 1.05(0.04L)%  0.75
16.5 0.343 1.31(0.038) 0.52
20 0.390 1.38(0.035) 0.42
CET 13 0.256 1.63(0.063) 0.05
16.5 0.393 1.78(0.045) 0.05
20 0.500 1.89(0.038) 0.03
TPD 13 0.272 1.76(0.062) 0.23
’ 16.5 0.390 1.81(0.046) = 0.10
0.480 1.84(0.038) 0.05

20

# () : pg of phosphorylated thiamine/mg of cells

~ Fig.l7 Bloautography of Cell Free Extract of the Cells

Cultured with Thiamine, CET or TPD

Standard (//’”—_‘\3 J
Thiamine | : — |
TMP d 4y |
70P(CoC) ((___ ) |
S

Cell free extract j—
Thiamine () ) i
TPD ) g
CET { ) |
o , .
Rf O 0.5 1.0

Solvent system

: 80% Ethanol

24,2



" Tab.?7 ,
Free and Phosphorylated Thiamine Contents

of the Cells of Kl.apiculata after Cultivation
with Thiamine, CET or TPD

Added amount - Growth Thiamine contents

pg Eq./50ml medium 0.D. Phosphorylated  Free
| pe % Hg %
Thiamine 0,610 2.50 69 - 1.12 31
4 CET 0.645 - 2,95 97 - ~0.09 3
TPD 0.630 3.40 98 0.08 2
Thiamine 0.640 13.5 39 21.3 61
40 CET 0.645 4.8 T4 1.7 26
- TPD 0.650 14,2 46 16.8 54

Tab.8

Helease of Thiamine from the Cells Cultured with..
Thiamine, CET or TPD by the Treatment with Cell Wall

Digestive Enzyme

Cells were harvested and treated with enzyme after
the cultivation with U4pg Eq. of Thiamine,CET or
TPD in 200 ml of medium for 13 hours.

Thiamine released Thiamine contents
of protoplasts-

Thismine 0.95%8 2,37 K&
CET 0.45 - 2.49
TPD ' 0.16 3.40

24.3



Bowi £ E A b O IC A E

%

BI1ETCONLLOKCETBIFTPDIRKl.apiculata D%

P

Thiamine L DM {BET A M N bOBHEKSBBREEMBEZRT B IC
REEATTID PRELINREEZ LA N, BERNOTD P EE20HELTT
%95 &, ThiamineZ WM L THEL L EAPCIXILED Free thiamine
ﬁ&méntbmtmbTCET,TPﬁ%ﬁMLT%ELt%¢¢KmT
DPOSHRHEAN, MWHEKOHAE L ngH 00T D PEERNFNLEHM
LT EELADk. $AHHEAADT D P AR ICH L LMIENSS 5
NicbCTPD, CETI Thianine L WEZKEEXKANTTI D P e Ekd
LrELOND, BI1ETHRNLZILIOSKCCET L TP DOERKFICIZHEE
ﬁgan\%E@ﬁmmcET@%@WTQ%CET@§§@m§ntﬁ‘
AETRITDAHEESEBO>CHLLOTDPEET KL, CET, TPD
ED R ThiamineNRMOBELVBNLE NI A THER—RULLEEERL
koﬁ%®TDP%é%%bk%%momrﬁﬁgfL%EET&MTéé
5, ThiamineZHEMEM T D P AT 2Bt g+ Thianine BT X
NBLENDD, TNICH Hdb 5F Thianine £ 0 Y “RILIN B ALK
DNTREBHIN TR, BECLEARIEZHMULEE RS

Protoplast%® B3 2 & Thianined —WP iz EF K IEH Lo, KBLOD
Thiamine ¥ Protoplast RRBRFLXx, T4b LEEHoEK LD

Thiamine B3R EAEREHERCFET S LBbn b, HEERL CHE L
Thiamine % 7z Thiamine FEERMEML LB RLENTTH LD REY
BEA~OBBRBCHES DD, TORBET D P~OLEEENRE S L

ST EMEL LNBZDTCOBBERSNWTRETHESL .
—925



A~ g

CET, TPD, Thiamine% MU CHEE L L BWAEHO ThianineDHF
E%ﬁtgvmﬁﬁﬁ%&iﬁé&an%x%%mﬁﬁgmmﬁﬁb‘c
ET, TPD42AMULAEBAETNTCTID PRELL ThiDRIEWNWLT
Thiamine /M LB AKX —¥H Free thiamine & LTEFL TE D,
%@E&TDP%EKﬁﬁ%ﬁ%ﬁ$6ntoTPD,CET@%M%%%

R FN LA Thianine 2 _RMULEBEE LIV ERTT D PRENT 1
EEz2 bh 5,

—~26—



4% Kl.apiculata IC X % Thiamine &)
(X Thiamine #ZHEBRDERE

B2ET—WRLELI O, 2 LMOoEEBERB L toMo BEY T
BRWIZ LS ThianineFBEKROBMEWIC L 2L D T H ik Thiamine ¢ &
&f&mfﬁfgg@:m Ut LB @M ©5 b7 % X 51i¢ Thiamine & Thiamine
%é%@ﬁ%ﬁ%%ﬁiﬁéc&u+ﬁ%ﬁén5c&fééo%ﬁﬁ
Thiamine2 S B BEE T L2EFERLZ(OEEBFRIVREINLTH z%@qw
REIN XThianineD FEBA D2 W3 A ZED Thianine BEHK I h
R EREOEHB Ve T4 Kl.apiculata I L5 Thiamine ® £RHKIC
PNTOHREFERDPZND T Thianinez b FK ZDFHFHARD K1, apiculata

Y BEBCH>NWTHRE L,
5 1#f Xl.apiculata IC XA Thiamine D&

£ R F &
() BH&EH Thianine ODEE
B2ER2HDOFEIKL I,
(@ Thiamin ase IRODFE
YIIERRBAYITIOHARE6HEED 0.1 M Y »BREHK ( pE65)
EINXERE. 10000rpn SOSMBELL THBLN S biF, 2 %R
74 3 ¥ HHIC Bacillus thiaminolyticus Matsukawa ot Misawa
THEEL3 0 C3HHMEBELTBOLNLEREREEL LCHETBR W L

& % Thianminase WELCTHWE,

—27—



{3} Thiaminase /E#® HlixE
Thiamine # & #r* % IC Thiaminase¥, 0 1M U Y BEFHY 5 nl &
FUFOO1MEY Yy 1 ml Mz /K TE£E45 n1l L3 001K
REBNER S nl ML 1 5MEBH L IRILEFIEIELOLER
Thiaminef % BrCN—Thiochrome #iC THEE L, KIGAID Thiamine
Btng 2EF Tianine DE4 E % 3 DC Thiaminase kT b %K
FELLTHLDb LK,
) B MR O A BRI 2 b Sl
B 300 mg#% 025M Sucrose —000IMEDTAKS 0 ml T
ABL. E0.45~050nmdH52E3 0 g %#M2 BraunMimmEms
T20 00 rpmDEBZE5L THIELHELHAFHC—FE2/HLT
Fig. 18D X S WCEWSE LUIc. [FFREIC Thoma O MERFTHEBE L ANWTE

HROMBEHEZHEL., RU0EHB LOEZERoMBOWRELZFHHE L,

Fig. 18 Destruction and Fractionation of Kl.apiculata

Cells of Kl.apiculata + Glass beads

: |
0.25M sucrose—0.001M EDTA

Treatment with Braun cell disintegrator

Centrifugation 1,000g, 15minutes

I
l . l
Sup. Sed.
(Cell wall and
intact cells)

Centrifugation 1Q000g,730minutes
1
| l

Sup. Sed.
(Cytoplasm) (Mitochondria)

—28—



6 U BREEMEHOME
M1 YBRBERCEELZ00 15 MBELSEOEKCmM .
HCREINAWEE Thona O MRHEME MATHR UL, c 0%
HTRE AN IBBARE ERETCLETE B,
(6) EERWIREEAmER
R+ ?iﬁ: DEAFE I N7 Streptomyces albidoflavus OELET 3
BEEH CW (RFMLALK K ) 26 L7,
(7 protoplast ®AK
BRCERER (RBEOOSMEMLF I YA, BLXUO005MER
RZFZAYOLDBEIPFTOO TN “REGRCERL Wi L AR
ABI00038M 2—Mercaptoethanol % 8 0°CTHEMAZI ¥,
Protoplast 2o HI ic i3 Thoma ® MIREHEME B\~ GREMS L
Kic Lo BEBRINZAMIEHK ( Intact cell ) ZHIFEL. MEOE%
protoplast £ & L,f:(,‘ Protoplast »lcf:m?éﬁkmﬁ’e{’ﬂi_&%%%
SR TEE D%, |

x B B &
(1) Thiamine D REFH DA ( Tab. 9, 10 Fig. 19 )

Thiamine RISME I s HHEs T2 B Kl.apiculata K X D&%
AIND0THEWES% (Tab. 9)D L 5 KATRRSBER D COThianine
ERETHETLLPHAT OBRBHOBOBERE T 2 6 ﬂ'g/mg cells
REIN, HEF M) YA 20O EBIERO RN ERERE L% WS,
Glucose ORMIC LV ERERMALHEER BT BN L s L EARED
REBH LN, TRLLEBHEID® 5 D Glucose DANER#RET

BRFEUTCERLTWEHIT T, &® X5 Glucose 35 Thiamine @
‘ —29—



a5 @@ . o
%%%ﬁﬁ?é$%MSume»Wﬁbmibxyﬁﬂmﬁmfﬁgé

nTWnhb,

2 % Glucose BHRH CTREFGIOZNO /7 BEBEFER LI vHE
?m%&1%ﬁ§%m%#a&pﬁsﬁﬁﬁﬁimﬁkmﬁbhﬁhmwf
SRR E FREEWE M TH%E S LEE pH R—K Lk ot EHE
BZVBEBEEROED NI D30 FEIL T,

pH 4707 =y REGHED Glucose BEZZ(LI& T3 00, 16
MEBoEBELEE TS & Glucose BZIG U TEFE 3HEmML., - 0.5
BCRKICGEL TR ETE TSI ( Fig . ko Vo ZHEEMD 3 0 0
%, RERMaNIRHTEREBRRELZR L.

ME® X5 icKl.apiculata ik £ 3 Thia@ine @%%ﬁ%#ac DT
HLEB, EERHFCRVTRERER (BRI DI 0HBIdBLE
Thiamine RNEE IN k. KBV THOREMETIER éh‘f: Thiamine
RIZE AL TRTFree thiamine THY., T D PIZZEALLDDEIED
B hhDrc,



Teb.9 The Accumulation of Thiamine by Kl.apiculata

(1) Inf luence. of medium
10 mg of cells were incubated with 1 mg of thiamine

at pH 4.7, 30°C for 1 hr.

Medium . : Accumulation of thiamine
pg/mg cells .

water 26
0.9% NaCl ‘ 25
2% Glucose . 81
Inorganic solution#* 24
Basal medium#* 80

*KCl (NHQ) SOLL.CaC12,Mgsou,MnSOLP,FeCI3
##Hoff -Jorgensen medlum( ¢ Glucose,0.25% Casamino aclds
- Inorganic solution, Vitamin solution)

Tab.lOrThe Accumulation of Thiamine by Kl.apiculata
(2)Influence of pH | _ |
pH - 1.9 3.0 4.0 4.5 4.9 5.3 6.3 7.4

Accumulation _
of thiamine 55 69 101 108 122 116 97 10

 HS/mg cells

'80.2



Fig. 19 Influence of Glucose Concentration
to the Accumulation of Thiamine

Accunmulation (pg/mg cells)

20

ol .
0 0.05 0.1 0.5 1.0 L)

 Glucose (%)



) BRCHEBIN I Thianine iK% \W3 5 Thiaminase O F&
| | ( Fig.20 Tab.11)

B EEIN /- Thiamine W=\ 9 A Thiaminase O EE##%
AU 7, Tﬁi'amine?gS 0.5 #g®EBL7Kl.apiculata Img & Thia—
minase0 1 ~1 6 nl 2 RIGZI D HLEE ThianineB £EE L. &
IR E LTEBROFELLZWRET Thianine 1 0 0 #g KWL T
F&® Thisminase .&E&Eé-’éﬁ (Fig.20 ), ¥ 3 :;‘544:0: B.
thiaminolyticus ® Thiaminase i £ 2T Thiamine BB BLHEX
nicH, Kl.apiculata K & DEMRKI N 7 Thianine it X LA EHEX
N Z D7, Saccharomyces carlsbergensis ( IFO0 ‘0565 )%
723 Sacch. cerevisiae ( IFO 03805 )R EHEIN Thiamine
KONTHFREARIZIT A2, PROBBLEFIATHEZ N
Thiamine Zﬁ%éKé}ﬁ?é nAEHET. Th é@ HERRCEBRIN I Thia—
r;xine BoMReESrT %2k (Tab.11) .

3) PRMAVMBIEG#iC X 5 Thiamine O¥H ( Fig. 21 )

Bl mgH720 100 gD Thiamine #EMH L /2 Kl.apiculata
300 mg e MEYICBERL., Fig; 18 WL >THRELSE L TEDHE
O ThiamineBZHE Lo TOBRETLIOOxg B R RKHBOHAEA
SO MIMEEE1 000 0xg (i S b > VY 7% &0 BRI 10000
x g FEREHERD % UK L OMO THEERS EEL 5 LHTE 2,

Fig.2lKRL L X911l 6 Ao MBic & p%&i@a&%@aagﬁiﬁé'n B b3y
MREEE L BT LT Tl';iamine 2 10000xg EHIERL., 1 654
L0000 x g% EZ}\’.&C 10,000 xg ODiﬁ:@&c.m’i & A ¥ Thiamine i3
BEINZH D, $7210000x gh@Fww bty oo iR, KR V=

T



=T A, T ZERMETE Y 0ERT% 9 & PThianine iz
NRCFD LEICREIN, T%bH D Thiamine FHHEEFOMOR

BRDYZ BRIy A" 0BRELEELAEBTREELZWERDN 5,
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Fige20 The Influence of Thiaminase to Accumulated Thiamine

Thisminase of shell-fish " Thiaminase of Bacillus
(Corbculid) ' thiaminolyticus M.M.
100“\%;—4 s "41QQ' A S
accumulated thiamine acoumulated'thiaminel A
50 50t
Thiamine
Thiamine
0 : r . ‘ Q ' N \: :
0 8 16 % 1 T2 " &

Enzyme solution (ml)

Tab.11
Influence of Thlaminase of B.thiaminolyticus M.M.

to Accumulated Thiamine on Yeast

Yeast - Accumulation Décomposition

Kl.apiculata 8.8 pg/mg cells : 14
Sabch.carlsbergensis 5.1 0
Sacch.cerevisiae 8.1 0
10.0pg of Thismine 95

32.2



Cell destruction (%)

Fig.21
"Release of Thiamine from the Cells of K1

.apiculata

by the Mechanical Destruction

100 Cell destruction ___ . ..----° -4100
10,000g sup.
50} |
1,000g sed.
10,000g sed. o |
“é’ J: v ﬁr
%0 2 4 8 160

(minutes)

32.3

Thismine (%)



Fig.22
Kl.apiculata 10 mg and Thlamine 1 mg
Incubated at pH 4.7,30°C for 1 hour

C?ntrlfuged

Sup.l cell 1
Sugpended in water

C?ntrifuged.

Sup.2 Cell 2 o
ISuspended in 0.8M NaCl

C?ntrifuged

sup.3 Cell 3
ISuspended in water

CTntrifuged

Sup. b Cell 4 |
|Suspended in 0.8M NaCl

C?ntrifuged

Sup.5 Cell 5
ISuspended in water

C?ntrifuged

Sub 6 Cé11'6

Lhismlne in Sup.l~6 and MB positive cells in
Cell 1~6 were assayed

Tab.12 Release of ‘Thiamine from the'Cellé
by Osmotic Shook (1)

0.8M - 0.8M .
water~ NaCl —»W&ter NaCl —> Water

Thiamine - o '
Released (%) 1 2.6 15.3 © 20,1 35.3
MB positive 0 0 5.6 ' 8.6 _'14 )

cells (%)

{ 32.4



Fige.23
Release of Thiamine from the Cells
by Osmotic Shock (2)

50t | ////;//“T/////k
- Lot | ’
301
20

10f

Thiamine released (k)

0 0.5 100 1.5 2.0
NaCl (M)

Fig.24 Release of Thismine from the Cells
by Osmotic Shock (3)

50 |
-b-XC1
—&- NaCl
“: —#-Glycerine
3 —o-Urea
wr
. o207 b
& 7
™
o)
s
¢ 207
g
P!
£
G
© 10t}
C g o

W — > % — > || — > H—— I

#W:iater  #sH:Hypertonic . solution

32.5



4
4

v Tab.12,Fig.22,23,24 )

) BEEZE X 3 Thianite O
DR LABOTCHESRKBBIELL%2 5% 3 & Thianine DEH

Ji\lbﬂfco EGEERCKELALESANVEEREBETAB LA E & i
Thiemine iR L A FBEH LA NWS, SR LEERBLAELESED
ThiapineBEH L. 2 EHOBEBERFLEN 2523 L RIDTLEEED
85.3% 7b>>whiﬁ@§mc A H Lf‘c( Tab.12 ), C O & BN Bﬁ%é},u@?
BeHETs EBRESEDRON TLAEMBERIEN LETOEKE
72 LT 35.3%0 ThiamineS¥EH La & ko RaMiias ( BEM ) T
EMEEO 147% THEH ThianineD ESO FBEL . 22% b OB HAM
'lﬁﬁ%%‘?%bci)?bkﬁxrbfoi"l‘hlam1ne%fjﬁlbjbfc&%éCciﬁ T% 3,
Thiamine 2 BH LTV A WEB K ABABBELN 552 T Thianine
%F%a&&z%w%ﬁ#@c&&#oﬁ

BREOHBT P )Y 2P LKFRB LA E XD ThianineBHE
PERLANBBEDENKA R G ¥ ThianineBEHBEE £ <. 2 ¥ Y
FRIVABEBERLRIZIBLLE ECREERED 50685 H Lk,

( Fig.23)

O8MEE(LF b VY A EBIB e LAt h ) v o ( 62% ), (ke 75>
oo 105%), RE( 85%) .70 &)~ ( 1359/) BNWTBEEL L E
AL ED Thianine FHERBEEN TR UH., WiFnzAnrEs
KABAF bV Y 22 ANABELFAMO Thianine DEH B bR,

( Fig.24 )



{5) .Protoplast@éﬁ‘jbci’a‘I#ﬁ?‘k‘[ercaptcethanol@‘%’é@ (Fig.25 )
2 —Mercaptoethanol DHEME*ZE L CProtoplaste HE T 3 &
2 — MercaptoethanolD ¥R/ X b Protoplast DAERIIEEI N,
G bk Protoplastid 0.7~1.0M (L7 b UV 7 AW h TRE T.
5000rpm UTORLAOBCI D THEINTRERBEI N ABERD
Prctoplast@ﬁigézgiﬁbfto
(6) ProtoplastDFAHIC X 2 Thianined¥EH — 1 ( Fig.26 )
EE1™Y Y 10Qug® Thianine* EHB LA H T K MEREEE+F
A& H Protoplast® FAE ULAFFAY i fRBEE. Protoplast# % "QUK\&CJ‘;,
Her L UEGEDhD Thlaﬂune =2 8E LAk, 3 0 OBENE T 70%, 20
D JLEE T 98%45 Protoplast KA D ProtoPlastDERIE 32 DT
Thianine MBBIAICESH L #5, 4 RfIEE b4 20%D Thiamine 44
RICHRE L Tlnre, BRE S % VRS Lo TEBICRES L Thia
mine Wit ProtoplastD#EEic I D THH Uik Thianined E3 03 b
Hftm,ﬁﬁ%%@bfiﬁﬂﬁﬁ%ﬁﬁﬁé & Protoplastifiic it &8
Thianine® 9 Hi L0UBEELRE &Lk Bo
(7) Protoplastit X % Thiamine O ( Tab.AIS )
Thiamine ZHRE L T A WMAZ A TProtoplaste AH L.
Thiamine% T 2 & Intact celll Thiamine ZHRMULAES X b &

Tk =,

FEBE ZA DL, L wGlucose DEELAWEERICIZBEALE

BINiAH»22Oke
(8) Protoplast D EEMWH LIFT Thianine BEOEE ( Fig.27 )
Fig.26 L WNWTARLA L S CEED Thianine®EE LR

REHHREERAI TS L ProtoplastOBHET AL LEBKORD NHEHE

THOADT, Bk 1M% ) 10,98 1% 91.0vg ® Thiamine %
—84— St



Fi3-25- Influence of 2-Mercaptoethsnol to.the

Fig.26

11 counts( x 1O9 cells)

Preparation of Protoplasts

Mercaptoethanol (M)

—— 0
—t— 3 x 1073
—- 3 x 107°
5
L
3 SR e g 160
7 ? ‘._o‘ .
1’,/’,’—‘“
2 ,’,'/ 140
0
":IJI
1t o 120
5 '
) :
. » '
0 ! 1 1 ) O {
8] 30 60 i Q0 120

Incubation time {(minutes)

Protoplast formation (%)

Release of Thiamine from the Cells of Kl.apiculats

during the Preparation of Protoplasts

Formation of protoplast

3 (
.‘ ‘—_ -..-- - - W W - o s w ™, o - . - - 1
{;7 counﬁ __________ | 00

S Release of thiamine

o :
[\.

e

2ar 50
Fe

5]

5

[o]

o

4

—

[}

O

0 ] 3 e O
0 60 120 180 240
(minutes)

34.2

Release of thiamine or

formation of protoplast (%)



Tab. 13

Accumulation of Thizmine on

Intact cells or Protoplasts

o3}

Cells : 3 X 107 cells
Thiamine : 200 pg _
Incubated in isotonic solution
at pH 4.7, 30°C for 1 hour

Glucocge Protoplasts ' Intact cells
2 % b1,7 B8 112.7 P&
203 9?'7



llg.27 Influence of Accumulated Thiamine to the
Stabﬁkity of Protoplast -

100

50}

Thiamine
~ contents -
ng/mg cells
—"A_— 1.0
—— 908
—o— 91.0

Cell counts (%)

o 1 2 3 k.
Incubation time (hours)

Tab, 14 Release of Thiamine from the Cells
éecumulated with Thi=mine bv the
Treatment with Cell Wall Dicestive

Enzyme

Thiamine contents ' Thiamine
: L a8 reless :

of intact cells ihiz~rine 7 ed contents
' ' of protoplsst

Hg/mg cells | o g ’ - ‘ %
g1.0 . L8 ) . 52
. 9.8 53 i

84.4



Fié.28 Influence of Thiamine Contents to the Viability of Kl.apiculata
10mg of cells were incubated with (A)1000pg, (B)100ug
or (C)10pg of thiamine in fermentation medium

I A

Total thiamine-..-.c.-...

Thiamine contents (ug)

~
~—

Total cell number 4

Viable cell number__ .

Incubation time (hours)

100 10/~ — |
! o

! 110 @

! : X

sl ¢ o :
: 5§

. ! S ]
; ; ~
' -4
4 : ! 8

— 0 . . N— L . )). :
20 0 1 5 20 % 1 5 ¢ 20°



LicBEBE W U THRBERHR 2 FAISMEN cEE e ET 5 &
Thiamine 2 B D BWEIE & Protoplast OB BEE T Ok, %
 FIEHOBELIE I b 90%L L Protoplastit 2D Tned THiK
BEHEOTIOA%RE Lk,
() Protoplast OFAE I X % Thiamine OEEH — 2 ( Tab.14 )
Fig.27 k%11 2 SBUERLE O RISBEL DWW T EEA LU @k
ThiamineZB &% HI% L, ProtoplastDBEic I b LF it L.
ThiamineEBZWEL THE LN 3R % Tab- 14 Lk,
Fig.26 DR OR2P® ProtoplastFPUJThiamineAE" BELDK
2, £ ThianineB i 53 VAR L B 50%31H 3 ProtoplastD K
WX hBREN KB L. 2 bHRHEI Nk Thianineld H it —3

WM R, ~BREHEARACEET 2 EEbN B,



{10

BROAEEMCH XIFT Thianine BOEB ( Fig.28 )

BRPEBEI AL EBEROEFRHCAWL T ThianineSENED L
OREBITDIIEMRNT 2% W Atkin —Schultz —FreyDHEMR ( Tab.
15 ) HCThianine% &ML, £ ThiamineE 2 L it M B Y MM
FAMOENERE LA ( Fig.28 )o 105L100¢g ® Thiaminek %/
L7 &% Thianine DEME A LI 1 M B R @i ( 788 ) #d 2 0 BF
Mgt S LA B DR b, 1000¢g M LA & & Thianine DERE
1RO BA®D 53%IRA L. M BREEERES 1BMoB KIS
HHD 16K TH DDA LT20 BMBd 31%#N Lk, T4b
B%%k%%é N ThiaminelX EEEH 3 ani%nz;ii%?}ﬁ?‘ YR A
CHEMEECBEEEATWE EBbNS

Tab.15 Composition of the Medium for Fermemtation—test

Glucose 15 g - Follg 0.8 ™
(NH4)9S04 5 g  MnSOy4 . 0.65m
KHoPO4 164 74 Citric Acid 35 g
CaClg 94.57F KoHPO4 69 g
Mng4—7H20 750 ™ Nicotinic Acid 49 ™

Add water to make 1000 ml.

- 36—



FAN:

5o Kl.apiculata (€ X % Thiamine 3 X{FT DPOEFE

TDP % Thianine LRABHBRL I VEBECERINI M. COHSTDP
EB Y B EA N Free thiamined ULTHEFrHREI N3, BEROMITE

6~69
fHE i\ Acid phosphatase BSHEE L, T D Phosphatase XHEHE L

an
Brdhbd sz e¢B8BoObL5NTWE, Phosphatase DfEFTT D P aiffd
Yy y# I N Free thiamine & LTI N B3O YUMRTH 5 45, Probo—
plast %#AWT B Lic L OTEAE 2D Phosphatase 2R E LABA.

% % W/I Phosohatase [HREF 2B M LABARCETDPREDOI S ER

ANBZALONWTRERIE LA,

£ R F OB
1Y BEAEFO Thianined LKBTDPEDEE
BEACOBEAB L EELHOFEL Larh, £IEL 1HOHE
RLABDT2AY T2 24—t PUBOFR/ I3 HEEOELTDPELL
o IR ice ] 7 F 8By —% { Phosphatase Eﬁgﬁ'ﬁ MEITNEB
BARRE 2o T2 22— €RENREE TH 5O TBrCN—Thiochrome ¥k

CETAEKBOBEXEZBIZELTTIDPEERDA,

(1 Protoplast ¥l Intact cell i X % Thiamine,
TDPOER( Tab.16 )
Protoplast® Al Intact cell W X % Thiamine¥ <X T DP O
BE48H%E 42 & Intact cell Tid Thianinel TDPHEEEEEIN
TDPERMUABADI T NTFree thiamine: L THERINK,
37—



Protoplast i X 3 Thiamine DHEBE L AH LA Intact cell L
bR EEAMN, TDPERMLAEAEILBIL, TOHBEK
PEBINALDIDORR LA EEAEL L TEEINA, Protoplast &
I Intact cell ® Acid phosphatase EWEE TDP #&HHE I LT
PHATTHIET 5 &, T T THWEProtoplast O Phosphatase IE
It Intact cell D BRTH DOk, TN KFHx DOk Phosphatase O 7‘?
WDEZTDPHBIYyBRINTEEINLERE bR 5,

(9) Thiamine, TDPOERBKFrLETEY I T HBEOES ( Tab. 16 )

ThiamineZ ZX T D POEHKHF LTI E VI Ty#BY ~F0ERE

M43 & Thianine DIERIE 107N o= ) FF v BBk V EFRD
Lie#s. TN TORBE TR T OAKEH LAH»DR, TDPERMLE
L& 109N LFo=Y) YFr®BREABRML TS Thianine L AR LA
Froe thiamine& L TEMINADKAZWLT 10 Mo = ) 77 B
K VERAEEINTEREBOTDP BBE L, 10 1 TlE £
RS L Phophatase EEHEMBEINLZ, LAMDTT D P BSER
WEEINE ADRIEF NS Phoavhatase fEFAR X D TFree thiamine

KENT BT EBBETH 5o



- Tab., 16

Accumulation of Thiamine or TDP

by Kl.apiculata

1.2 %107 cells were incubated with 1 mg

of Thiamine or TDP in 2% glucose medium
at pH 4.7, 30°C for 1 hour

Thiamine

TDP
Total . Free Total Free
B peg ng pe
Protoplast 185 175 70 60
Intact cell. - 375 375 370 375

Tab.l?

of Thiamine or TDP

Influence of Na-molybdate to the Accumulation

1 mg of cells were 1ncubated with 100pg Eq.
of Thiamine or TDPpH 4,7,30°C for 1 hour

Na-molybdate Thiamine TDP
| Sup Cells Sup . Cells
o r* p** @ p
M pg  pg g pg rg pg
1071 32 68 o 86 3 0
1072 25 77 o 63 19 3
1077 22 75 |19 o0 770
107" 18 76 |20 o 77 O
0 55 76 21 0 78 0

# F:Free thiamine

38.2

thiamine

- #¥% P:Phosphorylated



2 3% Thiamine, TPD3AILCETOERE

£ B F & ‘
(1 EfAth Thiamine , TRDZ AU CETOFERERE 2EE 2H T LL
FiEi LDk
(2) ProtoplastDAMAELF K FOHME wiz REF 1B LK

LD,

£ B K &
() Thiamine, CET, TPD@%%‘E(Fig.ég.so) |
EFEROEBELHLE TS L Thianine DIEFRELH is?% <; DT
TPD,CETOIEE %Dk ( Fig.29 ), Thiamineld Tab.12 i L
7z & ElH Glucose MINEE D Intact cell KX AEBBEILZL. K
6 525 Glucose EHWAE S 2WWEHlAELHE LT Protoplast
K LABAESREWRS L, TP D SARAEASACNANCE T A
EBET TRREALEERINE LDk, A+MIKETPDHIPCET %
&%r Totel thiamine E%fLAMN, TPD2ARAMULAEAEEKR
KX F~NTFree thiamined LTHA L. C BT 0 BAKRER TiEH
ﬁ¢&#9k®f$£%fﬁ%6ﬁ‘%?@CEfﬁ%ﬁ¢Kﬁ&§nko
Thianine A B AR BYMIWOK % Simple diffusion L X DTHEB
T2ELEDLN TG, BEHREOEREE IS DR MEE s e
WIEESEERHDOELE LN TH D Sinple diffusion O 3 TEEHER +4
EZONB0 TEOALEZER L CRIEEEE T 3RUHEL THEY
25 mo/IRBRER THENBFEORE ST 20k ( Fig.80 ), &&
THAVWARILEH TRHREERIGE DS % b b, Simple diffusion
~39—



KL bR eBT LA oRMRERET 2 Lick MRS it 3
Za‘ﬂTﬁEﬁybfaaZ>@f%%é@?ﬁﬂ%tc@}imfﬁ®%ﬁ¢®&ﬁ%ﬁﬁ&:bf. ES
M%E&wbfi%%f%5%Hﬁ%bfﬁﬁﬁ%ﬁ%%ﬂ%?5f%%
L L 00Sm e AR LCER S En 282 FRE L. MalNafR:
KRR L Y ERTEHERI DR,
a=100 — 2b
a tMlANIKEEN 3 Thiamine , CET S LLWETPDE
(wgEa )
b2 ENSMtrEFT NS Thiamine, CET 3 LW TPD=E
(gBq )

AEER TH Thiamineld Fig.29 L ABKOBEM%Z /R LA M. RNE»S
%WL® T Glucose SHWHR TRRMENK Thianine BIRITHRECER
X H. Intact cell & Protoplast . KX AEFEOENH I ‘D«Ai’f)n_
%Dk, CETOEREEBE Thianine it bNB LD NHFig.29
DBALD SMML, Glucose DHES 5 ABREDHECSE D
BAEABIE—FEET AL OLRNBOHN SRR HEHI i Cysteine
RMEEAETAN VABEEFTADOCERE LABE(TPD , CET 2E0E)
EANLONEEERLTELALZELOEZELLTPDILLECETE
FEHUTE LAY, CETZHFMULAL EcdMaRNIZEAECRET
DEEREINAEDLAVWILTCTP DERAMULAESCETPD BHEH
FRKREAEREINESL DR, $ADHCETHZOZEOMT
Simple diffusion K XD THEMBER % %HB LREXNE ET L i
RBITEETRT EELDN D,



Fig.29 ' ’
Accumulation of Thiamine Derivatives by Kl.aplculata

8

Cell;5x10°cells, Thiamine-deriggtives;SOOug Eq.
Total volume; 5ml
Incubated at pH4.7,30°C for 1 hour

: %%rcose %ﬁﬁcose
+ Intact + .
- cell E - } Protoplast
__ 400
w —
=3
a 300t
0
s
« 200 .
3
5 100! |
3) .
) l Il
Thiamine CET TPD
Fig.30

Accumulation of Thiamine Derivatives by Kl.aplculata

Cell volume; 0.05ml(9x10°cells)
Thiamine derivatives solﬁtion; 0.10ml
Total volume; 0.15ml

Incubated at pH 4.7,30°C for 1 hour

Glucose _ Glucose
] + Intact m + toplast
100 M - } cell = - }-Pro oplas
o .
o |
g
©
o~ q-‘ S
o g
= T i
= 50 w
g a8 -
o P T
g 3 al | % %
3!
~ 1]
o ° % NgE
O &
g ©0 N
£
3 i
IS Thiamine CET TPD
ged 50°

40.2



Fig.31 DMethod for washing thé Cells Accurulsted with
Thiamine, CET, TPD

Protoplast or Intact Cell . Thismine-derivatives Solution
O.05m1(9xlo8cells) ' + 0.10m1(100pg Eq) '

Incubated at pH 4,7,°30°C for 1 hour

Centrifuged

Cell 1 Supernatant 1

Suspended in 5 ml of Solution
Incubated at 30°C for 1 hour

Centrifuged

Cell 2 Supernatant 2

Fig.32Release of Thiamine or Thiamine-derivatives from

the Cells by the Washing with Isotonic Solution
k—— Cell 1 >

<Cell QJSup ernatant 2j

*
I
Thiamine e i;l
1| .
CET
r |
I |
TP ||
0 50 100
*#Is;Intact cell #*¥P;Protoplast Hg

40.3



() TeBEBMEC I >EBPpoit ( Fig.81,82 )

Simple diffusion K X MR BITLLIORMEEERT ST
LI XD &7 F Sinple diffusion K L > TRt % & %
b b, T TFig.81 OHIEK L8> T Thiamined L BT DFHHE
hRERETHMEOLREL T2 NESED Thianines LU HHKE &1
Lo Fig.30 L AEHE THESMMAK Thianined L IFH K ¢ EEAR
FEOLAEESEOSEKIC THRE L. BY0 BMBHECE W
BHERIEED VY32 kwsn, HERECENTREGD1,/100%
E® BT ER N, Cell 1 Liiﬁt?%‘a‘ﬁch’@ﬁ@biﬁﬁbfcm}: Thiamine %
L< AFEHEE. Supernatant 2RTEB I LI VIH LicE, Cell 23
REROMEBRETHEEZRT. CET , TPDOHACysteineLE
FRTAHIMAEETEZO>TEBLEOA2 %2 Uit, Thiamine® LT
PDEBMUEMEDLOREBPK LARMIT (TP TH S, CET
ERMUICMELLREBEOMESBD bhic ( Fig.82 ), I Ll
LIzb OB MERTAL95FNCET THDR, §4bHCETR
Simple diffusion K L > THEMEEKZHAV T oL HEEHIK L DR
H L% %, Thiamine i3 Active transport® 7z 3JHE O EBEHE
IDMENICE D CEN SO THBK LD RELENEEL bh b, Fic
TPDRMIEATESK Thianine K E(L T2 1 BHHEB LBEZNVDOTHS

IS



A BEAD KICAE

% B

WIETONLIS5KCET, TPDIRMBEFHDTD f%%m Thiamine
RMERFEO TN LI 03 EL . ChpBEEREHOELZ>THLDbAK &
EZisobhb, TOLOZENTD PEERRTHEEL LT Thianine & €D
FHGOEEBBED L N IHEN TOREBMENNDEDOTHS 9,
EI3ERR LAY KHEEEAPO Thianine KA EHEANCEEST 5
DIBFEAIHBIC B T Thiamine 72 |3 ThiamineFEERMNE K LEML /2 &
Erh BEHEACERT ABRESMEL 228t T8 M?é®ﬁﬁ%f
HhH, AETI ThianineF - R X OFFR 2 REC ARFHEMRI T TER
REZBEEL. BIEOERME LB L,

BEfE# Thiamine % 2B EHT s RBRIE( - LI LEHBLATE Y, %
ODEBERIEBECERINIEX I 2L LOSETHE, COL %R
Thlaml‘le@%‘%fﬁﬁ%%*ﬁ’f’s‘“ét L3 EEREE LR tﬁﬂ@lﬁé& LT
BKDHE EADOTHIBRBBNT KLl . apiculata i€ X 5 Thiamine D%
B> TEEMIC MET L7z, Kl.apiculata 12 2% Glucose BT pH
4.7 ,30CCLHHOEMTEAEE (EEP)H>D 1 0% HE I Thianine
PEBL7. TO X9 Glucose BEBTRET L L m%?ﬁg@\ v (Bwbc
IO TIBEINTEY., HOHOFEMHL I X 9 Thianine DEF R —Eo
Active transport &FERIN B, 'ﬁiﬂl&aﬂ*?@?ﬁ%ﬂ&c%%énk Thia—
mine %S Thlamlnasemfﬁlﬂ THBEIN BT E%BW,. Thiamine NEREM
MO RMCHEL THET S LHEELTW B, EEM Kl.apiculata
ERAVWTITZS2LER TR EDO L9 2B RIBRINEL D, L2 L

Protoplast Z A% 3 % & Thiamine RAKERK LEPRIEH L., MEEE
—42—



MBI L EFTNTO Thiamineaiﬁf?“élﬁé}tlﬂc%b bt T1H
KRBEEEN2ELEE, DINGEFHBHREIE L L 23 £/ Thia—
mme@%mﬁ&tyﬁﬁwg I DT &M Thianine 3 MIfBERTE ic
MELUCRBTEBEINLERELONTEREELI 0AW, 325 BE
%Eﬁ&ﬁ@%@@mﬁﬁﬁﬂﬁﬁﬁﬁa&ﬁﬁgnéa

Suomaleinen ti?)g:;zi’ B Thianine B & A EFEHERN WHEET
LERELTNG, BEEOERTCIRIBERE LIS WHEESERD
Thiamine % /R0 L THEEE LW D Thiamineid 1 3FEH i R R WA /E
%E¢Kﬁ&énkob#bﬁ%ﬁ%%é&tt%KuTwJAK%bkl
SEME L EBRCERE-EOLETEREAN L RBEN I Thianine
BEE U, Lich> THEHBICHRM AN /2 Thianine REH K B K ICERK
INsH., EEINLZIOREZOBEATCREBERI vARNCEEST 20H
T, ZO—Bs LAWK BEHBENCEBT 5 LBbn 2, BEHMEKL MHEE
D C i3 Acid phosphatase bﬁﬁ@?‘%:g?f%%én 7z Thiamine A5 ¢ N
THME THET HTLROBST B, TDPERMULILERS ZO
Phosphatase DIEAT T! D P i3 Free thiamineiZZfl L‘f%%\énf:o
% 72 Protoplast O BM I Lo Phosphatase %Fﬁ%ﬁ@"éﬁxéév;m%
97?V@ﬁKlOTmemnwé§@%Té&TDPﬁ%%é&&#o
oo TOALLEL THBCEED ThianineBNEHEIN B 1LiZ Free
thianineD B BURE ELE b 5.

mnmhmégimﬁﬁbk@ﬂmiﬁﬁﬁﬁﬁééam5;&ﬁfg‘
cn%%%ﬁ@@égt&ééammﬁﬁﬁggéézﬁaémmmB%@
B (FEH ) S8 L. Thdb ProtoplastZBM4 2 L REETH D, &
NOOERISRCERINKL Thianine PEBRLABAELEE L. 50

2 ThianineBBEH TR LERIEHEBECBEE*EL A L2 RRT S,
—48—



B E® X9 Thiamine 13 K1.apiculata K X DB BICEMIN 55, &
FEINT Thianine® KPHREHMEE L MEBEO MK Free thiamine &
LTREL. £ I 7 Thiamines 1 0 0 2R ELCKLDIDOTIEZ
Vo ALEREIC Thiamine ZRM L 7234 Thianined & D T H&FE K <(?) L
| 4% EKH D Thiamine ST DP & LTHET HO KL% & Kl.apiculata
X% ThianineDERRMOBMENOBE LEXZLRREBDN b,
CETHLUTPDOERKTHRFTLELKELEARFHMAMULILLECET
RBEAR A L ERBTE. HE L5 E. Glucose IKWEBR
CREDIZHREDES S Sinple diffusion WX O THEBEARAKBITT S
L#% bn A5, ThiamineW B bhi L5 2WENORERRRL L1000
h#Edo2lke CET RKERMUL & & ERFM Tt Protoplastfic KL
CETOZ2HHAINBTLEALObHAS L IRCAES I Thianine AE(LL
ZWOTCETOHTSinple diffusionK LV EEZEBT 50 TH5 5,
TPDIRCETKIENThianine K BT EINHNOD T ThianineL CETD
R ARBE TR Lk, O X 5 ThianineFHEKIBEAR E DT Th
& & Thiamine S HET A0 THE—PWHOERLRZWEEI AL,
M EKE® Thianine® L {f Thianine FEEKO BRI L 2R REE LR
HUtko COEBS LIEEBICHE O Thianine % 724 Thianine 7
PHEREEMTIEAORELEL 22345 T LIBHTTRZ S, —
5 Fig.33 0 L 5 A BENTETHL, KERMERTRCE T OEMRR
Thiamine D ERB R ALNEE EH D lchs, HECEEZEBAMINL
LEB3ECHBLLLOKAE L VEMBES TN CHECERINL . &
HBFOREANCEE LRELAL LB D Thianine FHEEKERMT 5 &
Thiamine Sk |2 Simple diffusion IO CHRE 2EE T 5 5.

Thiamine HEAEHSMEA C Thianinel B+ X HE B RegE LR v . M
—44—



H@ﬁ KELTHOLNIHLEE BOD TSinple diffusion C X2 THE%E2ER
ey srb by, —RBEARCHELOLARL LTEEIN, B
BARTE SBIEIN fg SEIOEBRALC ET%Kl.apiculata RKINM
LTHBLLEELIARATLISELON D, CETITREETH 5D
Thiamine L &% % Simple diffusion i x PEB~NORBEBEY FHE
HRIAD, CETHThiamine BT NIZEHMEARNDCET & L'C@&%E
BETT 27X 5372 C ETHSinple diffusionac ot
FEBT 5, COIIZHRREBOET LR IDTEKNCIBFMI N C
ETOFNTHEBENCENYIN ThianineZ BT TDPREIT A LE
bh, BESBKEADILEELCRTDPOANEHINBE(ESE)
B ECBBETES, LHLCETO Thianine~OELBW AP0 % BT,
D P OBMERE »EBL AASEL % 9 LN EBEYORBIEZ>TRLD
THEEREOTD PEE L%V Thianine L OIHEMREMR O XX £ 4 5
N5, Thiamine *WHFHEM I E /i@ 5 Proplast 2 BT 2 L 2o
EBBOEOUAHHD OFEK Thianine d — %3 FHEEO AR, —
BB I N, LEBDTHBECLELZREED Thianine BHEME
AL Bicd BREN~O BB RHIE S 50 T EME M LMD i
Free thiaminel L THRMEIN, T O —EHK4ALEBERKERBLTT
DPICAELT 2LDFEMEANOTIDPERERCETIRAMF LI ENEL 2
BEEbn. ThiRI Thiamine DRMAREN 2 C BT O MAEREM L D b
" FDIDTHB 5, —HTPDRESHK Thiamineacozﬂ:';5f:béhiamine
ECETOREHNZEEEZE 2 L#EEI LS., ERERKEARALTTDP
KEELUHBNWETCET &lﬁ]ﬁ%’i‘&éo 47 CET LYHEPHK Thianine
CBEINLLHECHICTDPEEEML, ABEELTE 9 & HEHEM

DOFIHBK Thiamine & OMETER EH O E 2B LBbh 5,
—4 5~



Fig. 83
Transport of Thiamine,CET or TPD into Cells of Kl.apiculata

% Biochemiczl transport J],Simple diffusion
(Active transport ?)

Thiamine CET TPD

] ® 8 ¢ & g @ 8 64" 9 e N0 a6 9% @ s .'.‘.".‘...
3 . ’ o Cell
L ) " e PE ST R®DS ® s & gn v e LK L BN S IR B I I
wall
AP J
Thiamine CET TPD+Thiamine
ZZ2 Thiamine N
* "f‘aot‘itlovo (LR E N Cytoplasmic
e : membrane
Thiamine CET TPD Thiamine "
’ 1 1
i y v !
! Thiamine Thiamine |
i R v
Voo ‘) Vv
TDP TDP TDP



BEXCICETE ThianineZ L ELTEFENRLOER~NDEBRELE
B, BEOERMEBICIZC ET M Thianine HNEHEARNILZER L 5 <
HMEh EREROTDPEEB2RAIRED 5 T L HBREEC HNT

Thiamine b OEX & U7 ERTH 2 LIFHPTE S,

PN £

(1) Kl.apiculata il 2% Glucose WM 8 0°¢, pH4T, 1 O EMT
ERBAEEEOH 1 050 Thianine LEMLE,

(2) #FIN 7 Thiamine |2 Thiaminase @fﬁﬁﬁ%%wf‘ Protoplast @
W, BAEELL. BEHMENE, BRMOBEZ S I>TRBSsE
TR

.<3) Thiamine % £ BICHERE U BRI ProtoplastE AR UL & EREE T,
.ﬁﬁﬁﬁm%ﬁzt&%@ém@%ﬁ%@@é@t&%MB%@%(%%)
BEK Lo

4 Kl.;piculata T DP%Free thiamine KAELIE THRHKEL.,
Phosphatase [FAIBKRAN 2L TDPERMT LT ENTERLDR,

5 CET ,TPD4*ABEKANHEEEKLEMIE S LEHKEL Thianinek

 HRBEEWETH DK, CET R Simple diffusion KR X2 TREE
BExBERT B EBRIN T,

) MEADFPig.38 0 BZRBEBEHETE L. CETOBNWEFEREED REH

Thiamine * RALX DL EBHBBEC DL EHEHAL .,

—47—



R wmE PP L KK @
H1E & 1®

Kloeckera apiculatall Thiamine BERMO R TH 5 BAHH I K
fEO ThiamineFEAE R L VIR (HHEMREIN 5, EH 2 ThianineFHE
{zt@iéﬁﬁﬁi%@mﬁ%%%?%Eﬂ’gfmmmne propyl disulfide
(TPD)%LUKS—Carbethoxythiamine ( CET ) @ Kl.apiculata
Kl T AEETRE LUTOMRER,

(1) Thiamine , CET R X{fT P D OMIHEREME D L
CETHLOTPDERMUCHEETS LKL apiculata O AN
Thianine 2 BMULEEE LV REIh LOREBEE., BEER, 77
BEZLURKEROUEREI» LHLL TS S, LALIN L 2HOFHE
ko ETE R £ &KMT%®£§&ﬁ§ﬁ$6nk;CET,TPDékm
Thiamine ¥ EF A& /AP TKl.apiculata KRR te @ HLEEHE N

34 2LCETI3Thianine L DBNEHEERTORL WL TTP

D it Thiaminet BEOEHE R Lk, —FHEBH#HRTT PD % Cysteine

MBIED, 37 CET4# AV T A —€MEIT LD Thianine K AL

Ao bBL2EELTEETSHLTIPDR Thiamine & D B WNEH % R

FTORINWLTCETE Thianine X F L WHEHZ R L 7o a“&:b LCE

TRCETOHMTHAICEMLEIO T ZEAEN LY 2k L Thia-

mine L VEWEEEZRL., TP D REMPCEHEERT LI LLIDT

Cysteine K LD BT EIN D DHLIBWNTS Thiaminell L b BRWNE

HERT EEZEL O E, T KL, aplculata OEIBEETTRO &

Thiamine DIEFEIREELOEMT P DRARMULIL & & Lif]‘f’?& TEER O %)
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Hiw, CETERMLALEE3®BBedobhni,
(9) Thiamine ¥k & Thiamine o Bk

T’hiamine& LURZTOFERDOBPEREK I \NT 2 ThianinefEHi
ROFBEEULNBLECETHB LT P D Thiamine & DM FEFE(R A
HERTEI PO OLT FTOEBEREE Pjrithiamine B LU Oxy-—
thiamine i€ X T Thiamine® BaLvm{HEIN?, U LThia—
mine % 7 éi%@ﬁ@?é&%é&#E&’D'@@&C%%f&%i‘t@’60xyti1iamine
ERMUCHEET LA TN ARLZEASHRAB LN, Thianines
iU%®%@ﬁ@%%§%K$H%OWMﬂmNm@%@@%ﬁ%@ﬁ%
DELEZD2THObN K EHEL bh, Thianine ¢ FOFBHBMEOEHE~OD

. ERBECHENDLELEbNh b,
3y WfAh Thiamine @ﬁﬁ?ﬂoj%ﬂ:

MM HBEEBEPED Thianine B LU ZOFEHERMUTERELE
Kl.apiculata O #HAEd Thianine S B2 EIET A LB BERRBITEA L
ENZND, Thiamine 2 ARMUL THELLBEKICIZ28~42% 0 Free
thiamineF 2 h 5Dt L TC lE T, Tv PDEWMUCHERELLE
fk® Thiamineld$NTYJ ¥#{L I h C Thianine diphosphate (TD
P EUTHEINI, §ADDLCET , TPDRAMIN D TXC
BEBCFHBINBLTD PEEMLTHED WL T Thianine i3—
By EBCFHAINBANEEN L UTEELTWE, 2D X9 TDP
NOZEEROENHEEREHDOEL 2D THObN LD TH LN, TOE
DELBHERELTHILS D~ L 5% Thianine & Thiamine FHEMAED
HE~NOZEBBCESDLLEBHLN L0 TOEK Thianine & bIFIC#

OB EHD RBRBE D & BB U7
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| ) Thiamine ¥ X{f Thiamine BEMKOER

BEfEH Thiamine 2 BT 2 HRRE( 2 5MON T B4, K.
apiculata & 2% Glucosedt pHAT , 8 0 , 1 FR o (2 <. Btk
(EBWELT)DL 0% it L4 Thianine%® Freo thianine® & T
ERUT, £ I N Thianined Thiaminase W X W FEI N, Th—
iamine T EBU L EH* ANV HE T 2 & Thianine Z T NTHH L.
HEECESLLIORBHOLN A S D, ThiamineZ EH L 7 K1,
apiculata i 0. 8 MiEfLor b Y v AW h CIRIMBERHBE L FH I,
Protoplast® B 32 L4 6 0% O Thianine MMM KER L,
ThianineZ i3 L A EEET A NWHE2 58 b/ Protoplast i Thiamine
EHRMT B L ThianineD BB S bh /o Intact cell WHENBLE
BREREN, CTNLOBEEREMEIN ThianineD KBS NIERHEME &
BHEOMCBET L LE2RBRT 230 Th b,

Kl.apiculata i T D P ( Cocarboxylase ) %%M4 5 & Thia—
mine LRFTFLWEDOEFRALN, UL +XTFreo thiamine
ELUTHRitiIn . BEHEOMMBBEC 2 Acid phosphatase MEELTEH
DEDEMTEL>TT D P ThianineK B L3 DTH 5, Protop—
last A& I 2 L1 I DT Phosphatase® MlELLBERELLEE D
bWt Phosphatase (HERZ2RMUAL L ERRTDPOERBEEI N
72o Thiamine MEMIN 7L i3 Free thianine® B TH 5 T & 43
BHEEBbh b,

TPDBLUCETDKL.apiculata & L 5% Thiamine i€ KN
BEEBERENABTCSEORICE T CHBHACEMILLLCETR
BITBREAR AL BREABTELER L, 2 oMERTRERHO

BEMTRELAECETORHDIFHRHINTZ, CET*REETrHME%:
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k%@%%ﬁf%%?étcETﬁmwﬂm%mbto?&bBCET@
Simple diffusion KI D TEMEKZER L CHRBICAY, TEHIK X
D&tz F Simple diffusion K X > THMH LA &LEL bh b, —%
Thiamiﬁeé 7ZRTPDERMUNLE BB T BAEMA b O H D
b, TPDHBMUAEEETPDHFRIBREBIN S Thianine D A8
BAEARcHEHIh, TPDR Thiamine~® ZL A& 7% 1o WERYE
NIzt LZobh TBLBEZWEEL, LM 5,
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Eof & A

CETHXFTPDZ ThianineBE RMAEETF Kl.apiculata OHEEE
GEO Thiamine L D ¢ (BET 3o ChEMIAT 5 oL AMOERE T
% DToD gmfnﬁ%%f:o
(1) BEOEBR+RARBECIOEELD L WIHEASHOEERD Thia-

mine ® HIEA % Bicautography TR L. %7z Antithianinelb &4

&CETitMTPD&@%ﬁ%ﬁ%Lk%%CﬁT@Tan%&ﬁi

TEMGADIL—®WCET & LUHEEIHcgERIn oS TE, TPDK

HAEEOBIMICBWNT Thianine R X ABHEEEEE LUK,

@ CETE/ITPDZ#AMLCHEELAEEKICIITDPOIHHRHAN
feD Kt WL CThianineZRMU THEBELAHEBKK B 2Z DD Free
thiamineMMI K, CET&ET PDHND X 9 Z4Hi&%E R LKk,
WEKHEHEZTDP «@%ﬁ:ﬁ TOE{LEH Thianine L D EN TN B K
THER—HRLILEBEERLR,

(3) Thiamine ¥ 7|2 Thiamine HEKZERNFHMEME LEMI L TERE
Eﬁ%ﬁ& 5 &, Thiamine RZ B ER I 52, %‘ﬁéfm‘:%@@-—%ﬁ
BREMEE - MEEDM IC Free thiamine & Lf& E#% b Protoplast
DHEMi Lo THMFT 5, SBOCET 2Mlnf & & Thianine it &
BN Simple di-ffﬁsion wIO>THEBEReHBL, TPD I
Thiaminel CET ORI AEEEZRT,

W) BEORE» CEBDHOEAKZEETALCET 3EFREBL i

EHTRCETOHETHAN, KBOIBEHERIER ST AD T Thianine

FRETTDPRENTADICI WL T, Thianmine ZHRMU K & E—8I

g =g &ﬁ&ﬂﬁ@%@lﬁﬁéc Free thiaminel ULTEAKWDCET2HMT
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%% Thiamine®RmMULIC EE L VBENTDPEE &% DRWETEREN

LE-STHEHRZIDELULTHBTE S,

KB B e 0 EIAE % 18 E AT SR ESD b F L B
FAMSEICE BB L ETE T,

B b. BUECHER R E LR ERBESE. FHE e,
SRKEMEOEREL, BHEHRFEHRELE SFCHECERZOE
BIURHNEZLET. 2hRAB2IHENW LR ELT UKETERRARE
Sog, REEATE. EFENE, KA LB LETET,
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THE GROWTH-STIMULATING ACTIVITY OF THIAMINE DERIVATIVES
ON THIAMINE-REQUIRING MICROORGANISMS

(VI S-CARBALKOXYTHIAMINES (2)

Chikataro KAwasaxki, and Sumio SHINODA

School of Pharmacy, Osaka University, Toyonaka

“Carbethoxythiamine (I} and carbobutoxythiamine - (II) were both more absorbed by cells
of Kloeckera apiculate than dicarbethoxythiamine (1), when an equimolar amount of each
compound was incubated with a suspension of Kloeckera cells in saline. Thiamine-HCl was
almost completely absorbed by Kleeckera cells on the same condition but it was not absorbed
by heat-sterilized cells, while (I), (ID or (II) showed better absorption to sterilized cells than
thiamine-HCL (I) was always more active in stimulating the growth of Kleeckera. This was
proved not only by comparison of optical densities of the brothes but also by that of dry
weights and nitrogen contents of the cells after incubation although the thiamine content of
Kloeckera cells corresponding to (I) was not proved to be higher than that to thiamine.

CET*D NBERMEDEERE Kloeckera apiculata IFO
No. 063012723 L CBi-HCI #824 & X b 5w H5Esh R
BBy, CBT*D 3Bk vE Y DCET* g2 A &1
FIRN LI LT CEEI LY, BEEEA
B MBI N THLIEEEZRT D TCH S0 54
LD BT OBIEE 7T < ¥ Th 3,
CETHKI. apiculata 1272~ L TR X Y BN 7-8R 2R
FTERE % 5% 7= D12 K. apiculata 275 DREE R
L7

EEHEEB XUER

® ® o

CET, CBTH J UDCET 3 Ea B 2mr4eit & b B
N7 F By PPCH* 2 X W B2 0 fid B
bivZivotz,

(@ KL apicutatanitz®

Ki. apiculataz k. % Bt & A (BbA) 721
Reader B2A320.5% DB EIZHIBER - X X 302 7>

b D EHLB) # vz,

3 EHCLZBERESOHE

b A 73 BOIEER LB BRI LA
KT 2 B L7200 bATHAK KBS L 20 —5¢
BV M/105HR « BEER T b U w7 282K (0H4.7) 1 ml 3
Mz, BiE73CETE % iz CEEHAE K T42E Sml
&L, 0CT—ErEREERE L C LB RS
V72, BERIAETEARIK T 2 BERE U TR REe
BLTOEDEERFT A DIz,

a) B0.1M 5iER 5 ml %N X 5 SfEE S
MHoWZFHBEL2% YT TRY—¥ B 1ml 202
45°C, Z%Hﬁmém%MKT~E£&L,m%LT
LIBELHRIERE LT,

by FHEHHS L 1 %5 AV TR ~¥B

W U ml R INAASC, 2 RERERER R A TR

LRI E L7z,
@) b) T BRB P BIRED F 7 P T R Y — ¥R
T AL VI X ) CET2BUcSEL T b

*1 CET =S-Carbethoxythiamine
*3) DCET =0,S-Dicarbethoxythiamine

*2) CBT =S-Carbobutoxythiamine
*4) PPC=Paper partition chromatography



300 \ JTHESACER « RIS

R=2F v VBRI OCEEED BCNBIZ LY
BiE#sE 7. CBT, DCET3CET ¥ FfI AL L
TERLR.

@) BEREEOHEE _

YRR LD 2 ER E 2 BAEATIK TSR L, 90°C,
2 BEEIREE L,

6) HEEREOAZE

Kjeldahl #2iz & h2sRE AL, 6.25 U TE
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K&2&H
BiB X GCET?33.7ugB-HCIE* - 5 B T L
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WIMEDK69%, Buisd s REMmICER X h, CETIX
I~ 2 R CRENEE R R U R L7 cgERE
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1R L 7- L EoSBEPEE L, FERRC
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. -
Kew m e X
X .
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CET (in Cells)
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101
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R e gt =Koy
ol et el
10 100 1000
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105THE LB L 2ERB I BRI L2 2).
DEEE CET: CBT BRI L A & 2037 T
EEDTHWL BRERI AR, £AEICL VUL X
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AR BU CCETI EH AR T Ki. apiculata
OB X VEEE R, T OEEREHH L CPPC
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¥, CET OALRTEAEL Tz, Fbbh CET IXEEK
SECEBLE 2 B TR E U 2 N TH B BUIHE
IhBEBEABNSG, FAERkE Z &R BN L7
CETIZOWTHEZ BN BDTH L LHCET, CBT
BIUBRER L -EROEE LT 07, £HAE
sk B A2 & DS (B EEEY 100mg) 12
CET, CBT B X UB10» 10218 L % 30°C T304 [l
T g7mE 2 AT L 95~08% RERE X W20 TR
BELENERCERIN LA LT, ZOEERE
B ATHIR L C 0.02, 0.04, 0.06, 0.08, 0.1ugB-HCIE/
tubeddCET, CBT B & UBIOHEREEK & L C I8k EE

2 CATH X UBDHEEED I

VRINE: 5% 1072 )L (16.9ugBi-HCIE)
30°C, 1 RefERIE
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B, W///{//////////A.

GBI Iii/////////l ]l

J 5 - .15
(pg)

*9 Bi-HCIE = BifBiESE
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EPEHE L 0.1N BREET 5 f90~95°C CHiH L HdHivg
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graphyViZ2 X DRI L 72(F5). BRO X 312 CET,
CBT & %12 5 Ll L0522 TI3 12 58442 Bus 4
SNTHY, CET k CBT Dl SfimENEH 1 2
G0t ZB0RETCI N Y OBBRE Iz
NEEFEFA T 12 CETH X U CBT 3£ Akkdh T
BRI S S T30 TIOH I B S L 72
LD EEbhB,

5 CET, CBTH X U BAEsE O R5E
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O.D.
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*6) OD =Optical density
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LEL 020D 2RTZEREILNE, CET & B
DIEENES S LIHCT 2720 EHEEB L U%
BEEOHEE $ T 207,

CET, CBTH X UB1005ug B-HCl B2 A 155 A
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LiEel, UL CHAPEDERBEFERB XU
EEEEPEEL: GEL). Z0EOD, BHHER
BIUBHEED T CET>Bi>CBT 0JE: 7
Y, BEH2Z CET 25N L T KEOBIR
PAEFEEIND Z LRbhoTz,

(6) WEHROEFTB.EDORAE

—RCEERRIB1 R AT DR £ F0o8 K. apicu-
lata OBI&ERIINEDHTEY, CETH#RNT 5L H
DBIERIBRHE L CEORBRECHEER L (2B L
BEZLND, BB XU CETO10pgB-HCIE 2 &1;
Brib A 400ml V2B & ERE L 18 E R (B E
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BUECET#M L7225 v OF ML 2 mcE <, Lz
BOTHMNERD 720 OBERIBRZRNL 2 EH D
FHRE D7z,

% %
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BREREIIA LT D b A BEARRICEEL, i

| BEEERLUD =3 e-CBT [ UEECBUT MRS
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Buztrzizhk SEEn %55 CET B & b Bhi
BRI R ORRA & U CCETM Carbethoxy L3 5%
PETLEBON IO TCHEOBFEBNBETH B,

i #

1 Kl apiculate OATREYER OB BigsER
2 MABCCTHET S & & BB ICHERFICERS
n 523, CET=CBT>DCET OJET&£EI Bk
L BPICERD R, ER R BRBERET 5 L Buds
EINTCETE X UCBTI W BRI s,

2) CETBXIUCBTH*MD: i@zt bhiih
3~ 5 B B TR Bz 26T 3 Z & % Bio-
autography “CaLRH L 72, )

3) CET#Bik v BB EEDIRO B2, %
BEC L DHERZG R, BRERB JUVEREER
ORI I D THRETR L 72,

4) EHEBOBARN AT BRI, CETWIh 25k
MU= E D THHRMEITTE L {BIDAREIZE

#z1  BHESHEEEROEAEERR IUEAER
wInE  0.5ugB-HCl E/40mi

oD A HIREERER (ng) B. EAHEE (ng) B/A

B 0.83 8.48 0.57

CET 1.17 14.73 0.55
CBT 0.79 7.67 0.60

#£2 HEIKMEEBROEATRE
wing  10gg Bi-HCl E/400ml

oD A EREARER (ng) B. # B & (re) B/A
Blank 0.16 0.62 2.9x%x10-2
Bi 0.86 11.51 6.8 x 102
CET 1.14 11.02 3.9x10-2
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THE GROWTH STIMULATING ACTIVITY OF THIAMINE
DERIVATIVES ON THIAMINE REQUIRING MICROORGANISMS

(XD ACTIVITY OF CARBETHOXYTHIAMINE AND THIAMINE
PROPYLDISULFIDE ON KLOECKERA APICULATA

Chikataro Kawasaxl and Sumio SHINODA

School of Pharmacy, Osaka University, Toyonaka

Either carbethoxythiamine (CET) or thiamine propyldisulfide (TPD) is stronger in sti-
mulating the growth of Kloeckera apiculata than equimolar thiamine-HCl, but the mode of
action is different : CET, when preincubated with Taka-enzyme in the broth, showed the
same growth stimulation as that with thiamine  or Taka~-enzyme treated carbobutoxythiamine.
TPD, when preincubated with cysteine in the broth, stimulated the growth 'better than thiamine
with cysteine. TPD, if preincubatad with a suspension of Kloeckera in saline, is easily reduced
to thiamine and the yeast centrifuged showed the same growth as that preincubated with thia-
mine. As shown previously, CET is adsorbed in Kloeckera as CET and the adsorbed yeast
showed better growth than thiamine-adsorbed yeast. CET itself gradually reverted into thia-
mine in the yeast, while TPD when it was added to the broth was quickly reduced to thia-
mine and yet it is more effective in stimulating the growth than thiamine. Growth-stimula-
ting effects of the two compounds seemed to be based on different mechanisms,

CET*D 13 By R ¥:BE1E: Kloeckera apiculate IFO @ # St

No. 0630 »#%E % Bi-HCl X Y 8 {BXET 5. 2ZEED
I DREEAZE LS B 7-0CET® K. apiculatalz 7=~
DEXOREE L FRE L 72V, TPD* 7 L oIk
FEI B -disulfideSFEAICET & [ U < KL. apiculatatd
HIEE B DR (BT 39, CET & TPDOEERI 7
W B REEE % HBE L 7 D T T B,

£ B F &%
(1) Kl apiculata DiEE
JIIE 59 D X U Hoff-JrgensenS o)t Bl
2mliCRE P EER 2R 4ml L L, E%Kr1/3
BETHSENC & DR L T30°C, 208t 0t
TELEE & AV T610me 12 BT 3% (OD) % L
7=

Bi. CET, CBT*® § X O TPDZ 3 THambia #
AR AR U T2,

B gHCF7Ra—gmm f-CET,

. CBT®&XUB.DEM.

CET BXUCBT X 2 $7 A% —¥I2 X Y Buct
BT 20TIBENUD ¥ ATT RY —¥0 e
L UBIERE LD TB W TALEPERL 1T H
DCET B XU CBT O7EME S B & ol U 72, ko 2 ml
2 CET, CBT % 7213B1 0.02~0.1ug Eq*® 3z & %
VT RY—¥BER @REEIAE L VBRB--D
D) FHIRE 2500g% L 1B L5 MA4BE4ml LT
37°C, 24RFfHIRIELR 100°C, IS5 RIS (F AV T R ¥

*) CET= S-Carbethoxythiamine

*2) TPD = Thiamine propyldisulfide

*3) CBT = S-Carbobutoxythiamine
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M1 ¥HYyRy—YAEEE L7 CET, CBT BXUBw Kl apiculate 127:~F BTG
(@) 250mg% ¥ BV 7 RY —¥TCIIC, 248¢
FAEEA RS & B

OD.
Q4r

0.3

Q02

o.lr

Q 0.05 - 0.l
vg Eq/tube

—~E O MEY BT0) L, BEEFERE L.
(K 1-2), 7GRSz 7 o7 Ry —E8MA

SR 2N A TR LR R R I T

BmL-(®1-b), FAVTRY —EHBELEE ED
ERE CET>Bi>CBT L 272 R Y AV T RS
—EFFACTBICERE LD TEL & 3FLE 2728
RICHEEEZ R L 72,

2 vzAF4vNEELIZTPDOEY

Ez4h 2 mi 1= CySH*®-HCI % KIEEES0ng %1272 % X
Bl TEE LSRN AR 4ml & LT60C,
30T RIEL TPD 3 BucfiFe L7200 b B 8
1L30°C, 20mHsEaE L7 (K 2-a), I 723 60°C,
G EEPT LTI HY BEL72 ®2-b).
TPD1x CET & &7 D EARATBICERL T T 7%
BBk U EEREF R L. ABTPD1sg EgiZow
TAEERR + AT CySH 21T 2272k 258k
BRR11102%C 070 TR 2-a 12x L 72 TPDIiaCySH
MPTELCBIERL T2 3%, $7:CySH
v Kl. apiculate DEERE % RIS % 28 Z OB T RE
EHTNTH O,

*0 ugFq=pgB-HCHEY &
*3) CySH =Cysteine

) FHVrARY—YEE e TIETE
= .

O.D.
Q4

FONUPE " 1 a “ i - )

o 0.05 0.1
ug Eq/tube

X2 CySHAFE Lz TPD B L UB» Kl
apiculate Y27 ~T BIEH:
0.D.
04

TPD(b)

_ R SRS
0 0.05 0.1

i A, i

pg Egq/tube
(a) 50mg% CySH #nigsh < 60°C, 307 ML

BrEE
(b) CySH e % B
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K3 TPD ¥7-3Bi#&ER LA~ KL apiculate OREHE
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PV e S Iy
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I J
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ug Eq/tube

3 TPDEAEB AR LEEOEE

CET (3B A#KRT B B X v % & #ic
LV Zih, ZTOBEEKPEATHRRUEEYT S AR
e LBk W& ~EEE R R T2, TPDIZ-owCH
FROWMA 2207, B @EGERERL LT3 n4E
BRI TPD § 712 B 10ug Eq # fn 2 438
¥k TAE5ml & U T30°C, 305RRE L7z, ok
YECmL7- TPD B X U Blid B& BRI ER I h
TPD ik BUBILE L7z, ZOBEASEER P — il
WU TERPED, BT EHAEKT2 B0
LI CARL (K 3-a), foo —Fhg BLeTZo
T TERL T (®3-b), FhFh 0.01~0.08ug
Eq/tube o $EREBHE L LT 30°C, 20meE:E U 7=,
TPD i3 £ FRAHKR T B RS hyz b X 3Lk
BEED B2 5T B AL BHELARET
CET : s L.

4 TPD BLUB.D K1 apiculate
LT 5EE : BEEEOEE
BNZHENT TPD AB & A UTER L ARE Bho7
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BT ERDTFE N, 7. Lactobacillus fermenti 36
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KLOECKERA APICULATA'

CHIKATARO KAWASAKI AND SUMIO SHINODA?
School of Pharmacy, Osaka University, Toyonaka
(Received March 8, 1965)

Carbethoxythiamine stimulates the growth of a thiamine-requring mutant, Kloeckera
apiculata TFO No. 0630, more than thiamine-HCL. To clarify the reason, various
behaviors of CET toward XK. apiculata was investigated by the authors (1, 2).
Asymmetrical thiamine disulfide derivatives, such as TPD, promate the growth of
K. apiculata like CET more than thiamine (3). In this paper, the behavior of
CET toward the growth of K. apiculata is compared with that of TPD.

EXPERIMENTAL

1. Culture of K. apiculata
To 2ml of the medium improved by Hoff-J prgensen (5), as described by the
author (4), the samples were added aseptically in a total volume of 4ml. The cells
were inoculated to the medium with a hypodermic syringe with a needle, 1/3 mm
i diameter. After incubation at 30° for 20 hours, the growth of the cells was
measured spectrophotometrically as the optical density at 610 mu, using Hitachi
Spectrophotometer.

2. Samples
Thiamine, CET, CBT and TPD, each as hydrochloride, were dissolved in steri-
lized distilled water.

8. Determination of TPD and CET

TPD was reduced to thiamine by cysteine treatment and the thiamine thus
produced was determined as thiochrome by the BrCN method. CET was treated with
alkali (7) and the thiamine thus produced was determined by the BrCN method.

RESULTS

1. Activities of CET, CBT and Thiamine Treated with Takadiastase
As CET and CBT are known to be easily reduced to thiamine by Takadiastase
! The Growth-stimulating Activity of Thiamine Derivatives on Thiamine-requiring Microor-

ganisms. XI. Following abbreviations are used: CET, carbethoxythiamine; TPD, thiamine
propyl disulfide; CBT, S-carbobutoxythiamine,

PO AES, 1 s,
153
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(6, 7), both derivatives were ireated with Takadiastase to be converted into thia-
mine and the activities were compared with that of thiamine as follows. To 2ml
of the medium, CET, CBT or thiamine, equivalent to 0.02—0.1 ug thiamine, is added
and, in addition, Takadiastase B (thiamine was removed by adsorption on acid clay)
is added to give a final concentration of 250 mg per 100 ml in a total volume of 4ml.
The mixtures were incubated at 37° for 24 hours. Thereafter they were heated at
100° for 15 minutes for sterilization of the bacteria contaminated in Takadiastase
solution and after cooling, the bacteria were inoculated (Fig. 1, A). The control
test was made in the same way but without Takadiastase treatment (Fig. 1, B).

O.D. A 0O.D. B
0.4} 0.4
/u
/D
o]
o3t S o
o
o ’,o"”’
0.2 el
. A
/A/—/
_/A/-
/A/
0 > . N . i N L N s I 0 . R N I s ' . . 1.
0.05 0.1 0.05 0.1
Amount corresponding to pg thiamine per tube Amount corresponding to ng thiamine per tube

Fia. 1 Activity of CET, CBT and Thiamine after Takadiastase
Treatment on the Growth of K. apiculata

A, inoculation was made after incubation at 37° for 24 hr with 250 mg
Takadiastase per 100 ml ‘

B, inoculation was made without Takadiastase treatment.
O, thiamine; O, CET; 24, CBT.

Without Takadiastase treatment, the activity showed in the decreasing order of CET,
thiamine, CBT, but after conversion to thiamine by Takadiastase all showed the
same activity.

9. Activity of TPD Treated with Cysteine

To 2ml of the medium, cysteine hydrochloride was added up to a final con-
centration of 50 mg per 100 ml. After sterilization the samples were added in a
total volume of 4ml. The mixtures were heated at 60° for 30 minutes to reduce
TPD to thiamine. After inoculation, the whole were incubated at 30° for 20 hours
(Fig. 2, A). The control tests were made with inoculation of the medium, but
without heating at 60° for 30 minutes (Fig. 2, B). TPD showed, however, differing
from CET, stronger stimulation of the growth than thiamine, though TPD had
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0.3+ ’/

i
0.05 ' 0.1

Amount corresponding to ug thiamine per tube

Fie. 2 Activity of TPD and Thiamine Treated with Cysteine on the
Growth of K. apiculata

A, inoculation was made after treatment with 50 mg cysteine per 100 ml
at 60° for 30 min.

B, inoculation was made without cysteine treatment.

1, TPD (A); m, TPD (B); O, thiamine (A); @, thiamine (B).

been converted to thiamine extracelluarly. TPD equivalent to 1 pg thiamine pro-
duced 102 % thiamine after cysteine treatment under the same condition as de-
scribed above. Therefore, TPD given in Fig. 2, A is assumed to have completely
converted to thiamine after cysteine treatment. Cysteine is known to inhibit the
growth of K. apiculata, but it was very slight at this concentration.

8. Growth of the Cells Accumulated with TPD or Thiamine

CET was taken up by the cells in the saline. If the cells thus treated were
diulted with the medium and were incubated, it showed the activity greater than
thiamine treated similarly (2). The same test was made with TPD as follows. To
the cell suspension in saline (containing 30 mg dry weight of cells), TPD or thia-
mine, corresponding to 10 pg thiamine, was added in a total volume of 5ml. The
mixtures were heated at 30° for 30 minutes. With this treatment, TPD or thiamine
added to the suspension was completely accumulated in the cells and TPD was
reduced to thiamine. A part of the suspension was centrifuged and the cells were
washed twice with saline and suspended in the medium (Fig. 3, A). The other
part of the suspension was diluted immediately with saline (Fig. 3, B) without
centrifugation. The suspensions containing the vitamin, equivalent to 0.01—0.08 ng
thiamine, were cultured at 30° for 20 hours. TPD, accumulated in the cells being
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O.D. 0.D
0.8+ 0.8+
A
0.6 0.6
0.4t 0.4}
0.2 0.2}
T \ ] \ 1 'ﬁ’ . | R 1
0 0.04 ' 0.08 0 0.04 0.08

Amount corresponding to ug thiamine per tube Amount corresponding to pg thiamine per tube

Fie. 3 Growth of K. apiculata Accumulated TPD or Thiamine

A, after accumulation of the vitamin in saline, the cells are collected
and washed and diluted with the medium

B, after accumulation of the vitamin in saline, the cells are diluted
with the medium without centrifugation.
O, thiamine; ®, TPD.

suspended in saline, showed the same activity as thiamine irrespective of the treat-
ment of centrifugation and washing, a behavior quite different from CET.

4. Activity of TPD and Thiamine on K. apiculata (Effects of the Amounts
of the Cells Inoculated) .

That TPD showed the same activity on the growth of K. apiculata as thiamine
may be due to the fact that more cells were inoculated than in the ordinary culture.
On the other hand, it was observed in the culture of Lactobacillus fermenti 36
that the difference of the activities between TPD and thiamine was the more
marked, the less bacteria were inoculated (8). The effects of the amounts of the
inoculated Kloeckera were therefore investigated as follows. To the medium contain-
ing TPD or thiamine equivalent to 0.05 ug thiamine, the cells 0.1 to 10% times the
amount usually empolyed were inoculated and the whole were cultured at 30° for 20
hours (Fig. 4). In the experiment given above (Fig. 3), the yeast about 10 to 100
times the amount usually employed was used. Within this range, TPD showed
definitely greater activity than thiamine.

5. Reduction of TPD and CET to Thiamine by Cell Suspension
To the cell suspension in saline containing the bacteria (about 10 mg as dry
weight) was added TPD or CET equivalent to 10 pg thiamine and the whole was
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0O.D.

0.6

0.2

0 _5; ! - 1 I i 1
107t 1 10 102 10°

Inoculated amounts

Fia. Activity of TPD and Thiamine on the Growth of K. apzculata
(Eﬁects of the Amounts of Inoculated Cells)

Amounts of TPD and thiamine : equivalent to 0.05 pg thiamine per tube.
O, thiamine; @, TPD.

incubated at pH 4.7 and 30°. After a certain period, the reaction was stopped by
addition of 5ml 10 % metaphosphric acid, and the thiamine in the cells was ex-
tracted for 10 minutes in a boiling water bath. After centrifugation, the supernatant
was assayed for free and total thiamine including TPD and CET (Table 1). Re-
markable differences were observed between the conversion of TPD and CET into
thiamine; TPD was completely reduced to thiamine but CET was a little reduced.

Taswe 1
Fermation of Thiamine from TPD and CET by Cell Suspension

Amounts of TPD and CET, equivalent to 10 ug thiamine; cells, 10 Bg
(dry weight); total volume, 5ml; 30°, pH 4.7.

Tucubation time (min)

0 20 40 60 80 100
per cent
TPD 11 96 95 97 98 94
(98)« (94) (96) (96) (98) (96)
CET 0 7 8 9 12
(96)« (95) (99 (96) (100) (94)

@ Total thiamine estimated including TPD or CET.
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DISCUSSION

Both TPD and CET were shown to stimulate the growth of K. apiculata more
than thiamine, but the behaviors of the two toward the yeast were different. CET
and CBT showed the same activity as thiamine when they were reduced to thiamine
extracellularly, whereas TPD showed the activity greater than thiamine, when it
was converted to thiamine extracellularly. Both of them became active after con-
version to thiamine. Therefore, the propylmercapto or carbethoxy radical which
was produced during conversion to thiamine, is assumed to be effective for the growth.
From the findings of the authors it is assumed that the propylmercapto group was
effective extracellularly and carbethoxy radical intracellularly. But it is to be noted
that CET was heat-sterilized after Takadiastase treatment. If the carbethoxy group
is evaporated by heat sterilization, the above assumption may be untenable. To avoid
the contamination in Takadiastase preparation, the suspension was sterilized after
Takadiastase treatment, but the effect may be clarified by comparing the suspension
after aseptic addition of CET-degrading enzyme. When the cells in which CET
and TPD had been accumulated in saline were diluted with the medium, CET
showed the activity greater than thiamine (2), but TPD was as active as thiamine. It
may be due to the fact that TPD was easily reduced to thiamine by the contact
with the cells in saline. It is a good contrast to the finding that TPD showed the
activity greater than thiamine, when it was reduced in the medium. CET is hardly
reduced to thiamine in saline, but was gradually reduced in the medium when the
cells were in the accelerated growth (1, 2). It was thus concluded that TPD and
CET stimulate the growth of K. apiculata but each of them behaves differently in
the mechanism of growth-stimulation.

SUMMARY

Both thiamine propyl disulfide (TPD) and S-carbethoxythiamine (CET) stimulate the
growth of K. apiculata but they show the following different behaviors.

1. When CET is reduced to thiamine extracellularly by Takadiastase, it shows
the same activity as thiamine on the growth of the bacterium.

9 When TPD is reduced to thiamine by cysteine extracellularly, it shows the
activity greater than thiamine.

3. When TPD accumulated in the cells in saline are diluted with the medium
and incubated, they show the same activity as thiamine, but when CET is treated
in the same way, it showes the activity greater than thiamine.

4. TPD is easily reduced to thiamine in the presence of the yeast suspension
but CET is slowly converted to thiamine on the same treatment.
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STUDIES ON ANTAGONISTS OF THIAMINE

(XVDH COMPETITION OF OXYTHIAMINE TO MODIFIED THIAMINE
COMPOUNDS ON KLOECKERA APICULATA

Chikataro Kawasaki, Sumio SHINODA
and Hideyo Nose

Faculty of Pharmaceutical Sciences, Osaka University, Toyonaka

Some of modified thiamine compounds stimulated the growth of Kloeckera apiculata
more strongly than thiamine but the growth by these compounds was more effectively inhibited
by oxythiamine than the growth by thiamine, inhibited by oxythiamine. 50% inhibition index
to oxythiamine ; thiamine, 68,000 ; thiamine propyldisulfide (TPD), 4,600 ; benzoylthiamine
monophosphate (BTMP), 210 and S-carbethoxythiamine (CET), 42. The accumulation of these
compounds on Kloeckera cells was inhibited by oxythiamine ; inversely proportional to inhibition
index. Kioeckera cells, when preincubated and accumulated with TPD or BTMP, were inhibited
by oxythiamine on the growth test to the same extent as thiamine, whereas cells preincubated
with CET were inhibited more strongly by oxythiamine than those with TPD or BTMP.
These differences could be explained by the stability of CET and easy reversion of TPD or

BTMP to thiamine.

BiABE O  {IBERMERER Kloeckera apiculuta
IFO 0630 i 724> UTBodiGR& L O 5@l Bt £
RV, Bk TH B Oxy-Be*V 13 K. apiculate
KBTI EFAMBHERICHBOC L& h
T 359, SEBHEKIC L B K. apiculate DEEHEE
HEVEIT 72 UT Oxy-Bidslodsis 3 825 JIEdH
KONTHRE U 2DTHET 3.

KR TT R B K OB R

O BiXIBFEAOEMBERBEMIC/
VI B30xy-B. e
Kl. apiculate \T 3 5 Bl EBAEHD 2 ml iITHBO

Oxy-Br& IR BB BB AN TS U 72 Brg 7213 Bisk
FK0.05ug E¢*D A4 MZ 8 4mld U K. apiculatad
HEBR AR TE R B 1 WA 30°CT 20K
BEEL 610mu i BV 2 BEZ HEL K1 oigEsrs
7z,

Oxy-BitSTEzE LTSty & £1Ci3 TPD*®), BTMP*4),
CET* {3 B1.k b L HBEEREE T U fcds BioBoE
R 1 ngDOxy-BiTHAE I NS, 100gd Oxy-
B X OHEIN Z DI UTEBERE A OB
EHEEFZOTRIBO EH L DI Oxy-Bi i L D
HEER 72, _

AR KB D BB R TEHARRIC U

*1) Oxy-Bi = Oxythiamine
*4) BTMP = S-Berzoylthiamine-O-monophosphate

*2) Eq=Equivalent to thiamine

*3) TPD = Thiamine propyldisulfide
*5) CET =S-Carbethoxythiamine
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Table 1 Competitive inhibition ratio of oxythiamine to thiamine-derivatives
on the growth of Kl. apiculata

Thiamine TPD TATD

TTFD SBT CET

TDS \ BTMP .

4,600 3,100

68,000

Fig. 1 Influence of oxythiamine stimulation of
KI. apiculota by thiamine derivatives
——— Bi

—sb4—- TPD
~—tg—— BTMP
wesgees CET

oD

16 107
Oxy~B: (Prg/Tube)
MOTHEIRAHELUTE 1 ORRER..

_ 509 ORI BT Oxy-Bii
Ml eI e
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alkoxyEU T4 % CET3 Disulfide BBFEMA L 0 I 5IT
IRIHEIELER Uz,
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Oxy-B. D& &

4,400 210 ] 81 42

2,800 ‘
BiSsE&Blc R T % BRE Oxy-BidsHET 5
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Fig 2 Influence of oxythiamine to the accummu-
lation of thiamine derivatives on K. apicu—
lata
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—=3 .
OXj-B. {mq) 100

#6) TATD = Thiamine 8-(methyl-6-acetyldihydrothioctate) disulfide
#8) TDS=Thiamine disulfide

hydrofurfuryldisulfide

*7) TTFD = Thiamine tetra-
*#9) SBT =S-Benzoylthiamine
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Table 2 Accumulation of thiamine, thiamine-derivatives or oxythiamine on Ki. apiculate cells
Thiamine TPD BTMP CET Oxythiamine
Cells 98ug T5ug Alpg 12pg 35ug
Supernatant 3 23 56 82 61

15mg of cells were incubated {with 100ug of fthiamine, thiamine-derivatives or
oxythiamine in saline at pH 4.7, 30°C for 1 hour

ZmZ 47, £85ml & L30°CT 1 BRRE &=k
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HENTr., COEEPRECT 270 XKEOBIE IR
FEEAEKICRIN U T EBRZE T2 EBITC Oxy-Br
OEBELWE U, EBEERNISngOEAICE
B BigFE{kE 72i3Oxy-B1 100ug Eq Z A LITE)
KREOTEHERES AT L2 (K2), Oxy-Bl OER
Prebluda EEOWE B ICREDSDI. ERER Bi>TPD
>BTMP> Oxy-Bi>CET & 7507258, BidiingEo
3 & A EDEKRDSBHIN O TRMEEBHLL
DILERINB EEBLON B,

G) BiEEBSEESEERULIEHDE
FECB &KIFTO0xy-B.DE

BCIR Lz &k 51T Oxy-B1 i3 Bigs Bk o Bk~ D&
BAMHES 5, £ CBiSHEAEER U/ B OBTEIC
HZ AZECODTHRE U, BIRESE L L T30ngD
BEIC B 7oid BishEk 5 pg Eg 2 RINL30C, 18
BB EL L THEEEED, €D 1/10017/z LT
BEDOOxy-Braiin U T TR 4 ml & L30°C,

203 S 258 MR 2 JIRE L7z (”3-A).  72830°C,

1 FrAREROBERIC & 284 BIE Usss, 30N
UZeBiE 73 BB EARI DI & SRS BAICERE S
NTHY, TPD &L BTMP Tid Buc (b Ui
S, CET TWSBI%ABI& LT, BOMCET & LT
EREINTHL,

FIRFC SR E LT (B) OEBAITIE >0 @ T Bh
TREBOEEE 75T @ ER—BRI LT -
Oxy-Bi& Big 7B BB AR min L., ®
1 EF URBE - ACEBEEDOAEE { UTHR
DIDTH B oA SR 1 R UERSS 5
5133 Th 5. Oxy-Bill k. 3 D2 5 HB1 <TPD
<BTMP<CET OIHICE 3 &5 AT K1 &K 3-
BLE—H L. —FOCBOTRCDOL S5 BiHEY
RO Ho»is 23 B ohd, TPD, BTMP 3B
EEREIEEA A R UH, CET A D0
Oxy-BiC & O #EA20 12,

% &

BiEZEEADL 13K apiculata Tz L TBIE D%
DIEFEREMEARE DN, Oxy-Bilc k3 BB L BT
o, HEORIHICHEBHEEROWEIC X 3@
AHoftz. CET 13 d Oxy-BiOFE %4  RUBID
EHLD1/1,0000 Oxy-Bid & » 158 2% 20 7z,
Oxy-Biid AN TV LI T TTDP*O & 34T
Bid 5 b Tnd, BEFEEEIBELE ST
HTBEEERTOTEI0LBICERLTLE AR
BitEU &S5 SEBETOxy-Bi& T 2133 Th 3.
SEDOERO & 53S0 B R U oBiEs
BHEICBNT Oxy-B1 ORENR BN EELL
N5, BB BRI ART DI T 3HG
ICERIN TIN50,

FEEGW I VERODOB & T AHHIBERD Oxy-
BiCEDTHE Y BEIN RV EABELTLS

*10) TDP = Thiamine diphosphate
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Fig. 3 Influence of oxythiamine to the growth of Kl. apiculate with thiamine and its derivatives

A

o L

1 10

100100 1of °

oD
o8r B

Oxy-Bi1(ug/tube)

(&) Yeast cells containing 0.05xg thiamine or its equivalent derivatives
(B The same amount of yeast cells in the broth containing 0.05xg thiamine or its derivatives

M, BESD FETSH KL apiculate \C X 5 B 8T
Oxy-Bi it £ 2T B vl g hishork. LHLE
2 IRT & I B EA ORI Oxy-Bic X b &
WCHEE N, COEMmIZN 1 OBEREHEOER & —H
Ut F 7oA HAEKATBIE 23 BB A TR
HERIEDD Oxy-Bra iRl UTE#EY 5 & TPDE
LFUBTMPIZE D/ K Bi& A UEBEAER Uic, Lichs
DT D 2 FWOFEMALD EFD Oxy-Bill L D@l #
Hl& 3720 HEEHEEDGR S I EhicDTHS
5. CET %23 50 UHEFRICEREZ®0B Oxy-Bi
BRI THIES 42 EWHRICK 53 LBk DzEd
15 &t BAs, TPD, BTMPIE SICi3HERER A 5
nizdo7. CET OEgdl B EEEN0bd
—¥RZCET OBE & E 2D TCET BMEKITED T
¥ BB AOxy-BidHET % L RRICZ D CET 48
Bicz b4 5 & Xic & Oxy-Bids FHEEH A Rg Dd>
bHEhIE, 7 U EREREAOTCORERE
L7e87 & b BRI D CET R0 Bl /cdk

RAHUEEA O, WTNICUTHEEEERDE
D 1 >ORHIEBAEADEARIC L 2EHIC /TS
Oxy-BIOBEBDHEL NS L EMNTE S,

X1 LK3-BikAUEBREITIN Db TH 504
ERHENERD, M3-BiK 1 LV REOREKTERE
LzdDThH5B, 1~100pgdOxy-BiEmimlL7zidd
VWEHET S EN I TRBIC/O UTITA L DEEE
B2 O UTKS-BT sy o gErs
Z» Oxy-Bid& WU E & L0 & AL HDE
LTk, COXSWCKBOEGBELEEU/cL D
FHHMERED Oxy-Bid HEAZTBOFERIZ RHET
550, 1 DOOHRPELTOEOLSILCENELDS
N3, B2hbbhsk5IC Oxy-Br OEEANDERE
EBUCK RE#TH B, 141& L T0.05ug DB &
U10ug D Oxy-BiAEIZ DEBICHEMU 72 & 473
DEEOIEH BT 3N THEEIC SEFE 3N 558 Oxy-
BidBik O EBINHLBEME DB L VB O T
UEEINRNTHESH S, —TF, ZEOEKRDELD
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LRIV BT RN TEIKICER I NI BEENS O
WIS IT AT ARE DO BRI B 5. Oxy-
BUiBik EIPEDE SIS RICEEIMNCEDT
W DTH B)LEKESEIREREIEML,
BATEE DR Oxy-BiBIC 3N 180T HH9.
UtepSDCHAIEHA D Oxy-BL BEBIED HidEiHk
Bl X OB, SBROBEKRDIFHNICIEBICINT
3 Oxy-BipBEAMEIN L FEFEHA MEbLhFH 115
EZ B ENTED.

1) BiEEHkO% 3K spiculata Tz LTBi&
D R TR TR T A, £ O BTEEENET Oxy-
BUz L OB dlo L ik HE SN, FHiLEB>
TPD>BTMP>CET &7iD7z.,

2) Oxy-Bi IBFEEHEOE KO SEEA HEL,
CET>BTMP>TPD> B ®lEIC#E L fEAEZB LU
7.

3) B 5 UHDB FERE BHICEE IETHS

Oxy-BieiRinL Cig#Ed 5 &£ TPDE XU BTMPIB;
CECEBEALARL, CET 0ABPP®L Oxy-BiDE

Kl. apiculatall 72133 5 Oxy-B1 & BisEE A D 397

AR,

(4) Oxy-Bi iZBisF B AR E~D FEHO BB B X
UBNOERBOBREAHE L, < OkHIiCEREEEYE
ield 2R BORI T S HER TR DI LED
ha, (FF 42. 10. 7. 1)
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THE GROWTH-STIMULATING ACTIVITY OF THIAMINE
DERIVATIVES ON THIAMINE-REQUIRING
MICROORGANISMS

(XIV) THIAMINE, ACCUMULATED ON YEAST CELLS ; ITS
DISTRIBUTION IN CELLS AND RELEASE FROM CELLS

Chikataro Kawasax1, Sumio SHINODA and Teruyo Ono

Faculty of Pharmaceutical Sciences, Osaka University, Toyonaka

Thiamine, when preincubated with yeast cells in glucose solution, was almost completely
absorbed on cells. The thiamine on cells could not be destroyed on the incubation with crude
thiaminase from B. thiaminolyticus or Corbicula, although it was easily released from the cells

. on the digestion with cell-wall-lytic enzyme from Streptomyces albidoflavus. The stability of
protoplasts prepared from thiamine-accumulated Kl. apiculata cells was decreased inversely
proportional to thiamine contents. The highly accumulated thiamine on yeast cells was partly
released by osmotic shock or during the process of fermentation, corresponding to the decrease
of viable cells. The thiamine was completely released from sedimentation fractions of cells,
after the treatment with Braun cell-desintegrator. The thiamine accumulated on yeast cells, was
found as free thiamine Jocated in the concentrated status between cell-walls and cytoplasmic

membranes.

FEEVIC DD & D WCEERE Kloeckera apiculate 135
SOBAERT S, NE - TR EEBRCERS
N7 BB R B OB A U TERET S
L L, Suomalainens i3 ev BEREFH DB RT
BERERIC BETAEHEEL TS, FELGIT KL
apiculatalC ERE SN - B TFTEALC DU TSR AN
A1,

£ B OB

QO EREs
Kl. apiculate TFO 0630, Saccharomyces carlsher—

gensis IFO 0565, Sacch. cerevisize IFO 0305,
(2 An*VEORA
Y IERRANATTVECERD0IM ) U BERE

W’ (H65) RAEEMRLUELL CEOh I LIEE S
72t Bacillus thiaminolyticus Matsukawa et Misawa

EET 430 TC30°C, 3HEEE S 3L Tl
BB O LEEAn I K E Uk,

(8) Sacch. cerevisiae 3K Sacch. carls-
bergensisDE5E

Goodwin® DOREHIC T30°C, 20855 LT B8
HEROK.

4 Kl apiculataDiZiE

BUEERBORIES LU KL apiculata D Protoplast @
PG IEEICR Uk,

OB pk &
O BZEBLIERICIZOWTZAnIO

* 1 An=Thiaminase
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INEF < TP TR EEI N B ES An
WL OPRINBC EARELTNBEDTIDRICD
XKl apiculata \CERBIN B OWTHRE Lz, 2
% 5"V 2 — AW D 4.7 T 1 BB & B X B

1 mg24 H80ug DB U /e H {4 1 ngil BB D Anik,
001M €V 2y 1ml, 0.07TM V2 BIEEK GH65) 5
mlZInE 4845ml & LT30°C, 1 E&EE#EN HCL5
ml I EHL, BEREEFHELL. dE LT
BT SR ST TR0 B00ugit 72> L TEIZE D An
WAEEH éﬁf%ﬁ"ﬁ&ﬁ%iﬁﬂibf:( .

Fig. 1 Stability of accumulated thiamine to
thiaminase

Thiaminase of Corbicula Thiaminase of B.thiaminolyticus

100 100

Stability to An (%)
S
g

16 0 1 2 4

Enzyme solution {m¢) Enzyme solution (mf)

2 Accumulated thiamine on veast cells

O Thiamine solution

B. thiaminolyticus M-M)BLT > 2 DAnd &
HIBERREENET 2B THEEINBUCE A
SYERARIIIH D, Ehen=s Y0 An 2T
EEICH @RI RN A SN, ¥ 5IC B. thiami-
nolyticus (M+M) D An % Sacch. cerevisize LU
Sacch. carlsbergensis WCEBIN2BUC/ER Z&-708
B R ERZR IS DIEGE L),

Table 1 Influence of thiaminase of B. thiamino—-
{yticus to accumulated thiamine on yeasts
img of yeasts accumulated with thiamine were
incubated with Iml of enzyme solution at pH
6.5, 30°C for 1 hour

Thiamine Thiamine
Yeast accumulated | decomposed
(ug/ng) (%)
Kl. apiculate 8.8
Sacch. carlsbergensis 5.1
Sacch. cerevisiae 8.1 0
Thiamine solution 10.0 95

() BWHAOHBEHEZECK 2EBB.ORH

BRI B AERRAL & € Dt

Fig. 2 Cell destruction and release of thiamine
by treatment with Braun cell desintegrator

L 4100
x

— f=~
®50 150 -Z
o

© g
= w
£ .
= o
&

g0 T 0
0 2 4 8 16

Time of Braun treatment (minutes)

O 1,000g sed. Fraction

0 10, 000g sed. Fraction
A 10, 000g sup. Fraction
e Cell destruction (%)

Thiamine

BRI 1000g /mg DB AL U 72 KL. apiculata 300
DZAAEERE0.25M & a $ik L UF0.001.M EDTA %41
RS0l ITT ABL, £8045~050md % 5 ZFE30€
%ﬂni Braun IR EEIC X D 2,000 7pm, 1645550

. —IER&3E L Thoma @ MEREEMEA BT
B@®&1§$%@Ji&i3‘ 1,000x g, 1573 &tk L2 D
ERE%E I 51C10,000x g, 3073 &k U TEEN OB
ZEELL2).

1,000 x g PR3 RBFE O LB L U MIGEED ST
& BM16 O T DL STRICHELcE &l
OHIfEHEMCEBUtIZ & A & TFAEL D7z, 10,000
xg i bary RYVESEEZEL ONANCOHE
SIS BUIEAERS, Bud 16 00 MIEICIT T
10,000 xg ERBICED S fe, COHEDE HE, 7+
rry Y 2 o VERBBTRACAIESTEEBRIZ LA
ECOLEBCRoNT. TiEbbHEBINBuIM

FaPS CHIaEE RIS, TcAIXCEREICHEELT
BETIOTERBNEEZELONS.

(3 EBRHMREAREZRUECKIER
B,oEH

BAT#y100pg/ng OBIEEIE U Ki. apiculate 12
02T ZEREIE IR GRIERE 0.8 M NaCl+0.05M MgSO, B
HCStreptomyces albidoflavus X D15 SN 7-BERHEED
ERIRIRmEZ A 7.0, 30°CTYEM SRR RGO
— 8% & D BRI,  Protoplast s KU LR LU
H&EmBREEHEL 2.
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Z DR, K3 DX 53053 TEERDT0%,
2 BRI D i T98% 55 ProtoplastiC 75 ¥, Protoplast 3%
OBEIMT AL Brid MfasC ws s U 72,0598 % 45 Proto~
plastic 73D 7z 2 I RARIC $ $920% D Brhsulariic 2447
LTie, CO&EEHREL»RVBOLIDOTE
BEHICHRE XN B0 M HEOBEIC X OTE
HUBidaEh 300 T OEERIET 5 & 1540%
O BuisProtoplastPlC FFE L 1 & &L 5.,

Fig. 3 Release of thiamine from cells in the pro-
cess of digestion by cell-wall lytic enzyme

?'2 R e falihdadnli ittt g100
~ N, e
—9 —
E g
< (=)
L]
g 28
“ £
o 1F %1_50 g E
=~ £E
3 z¢
s Sy
2=
: s&
<
: & E
Z 0 0
. 60 120 180 240

Incubation time ( minutes )

A Number of total cells

03 K4 protoplasts

® Percentage of protoplasts

O ” of thiamine in medium

@ BEBEECLOYT 2EBEERRER
BEROEH

BUEDD & S W B U - R e st s iR = %
EH 342 S BMIEBOBEE DML SO T
HERBEAE L CHRBES R A S SR o%
bEBEL, BE1ng2HY 1, 98, 9lug OBESTS
BRIC) & RRIC U CRIBREEA BB 72 % VE F B i
K3 L O Protoplast 0% BiE U7-(K4), 1O
RETHITNOEHL$90% LI LA Protoplast 175D
T THRICEBHEIRBOE DA 2 LIz, Bif
HEOZLE CRHEEBORSEIEE TS Ok, T8
CEEE SN BUd FIBERICIS A S h DEEEEA T
WasEEbNh5. .

G) BEEEICESEMB.OFH

{EIRIE PN Bl X ¢ 3 & Protoplast 3B I C 1.

CRE S BB 208, ERMIRICERBEE

Fig. 4 Influence of thiamine contents to the
stability of protoplast prepared from
thiamime-accumulated yeast cells

3-\

Number of cells ( X107 cells/ mé)
[\&)

0 i i i .
0 1 2 3 4

Incubation time (hours)
A Thiamine 1.0ug/mg cells
¢} 9.8ug/mg cells
a 91.0ug/mg cells

Table 2 Release of thiamine from cells of KI.
apiculate by osmotic shock
Thiamine accumulated : 98 pg/mg

Process of
osmotic
shock

Thiamine
released 1 2.7 15.3
MB-dyed

cells

Water—»%ié{—» Water-*%ig —Water

20.1  353%*

0 0 5.6 86  14.7%*

* The percentage showed accumulated values

BAEGA S EHBEEEINLELIC b oTE
BN BdsHFNCIE M U e, Btk 98ug/mg OBy
R UK. apiculatal Ong0.8 M NaCl [C 2 X &
B UCHEEED, DX COBREKCRESY
7D LIRS H8IEE 2 @R DIEL Uiz, D EoBEE
ODLEL EBHOBEAHELZOBHE (BEE)
FE 2 UL
[FARICEHRDO—#A L 0 H46 O Y > BEERITA
IR U 7-MB*2 2% MB e OB EEERIE U,
EERICREL XSRS T VBOBHIEA LD S
NIEHDIH, COBEBEERRICEST EZBOB
BHU 2 BMOBBEEZLEROEZ T EICLDEE
BROBLHPEEMNMCTEH LB D E &0 MBLE

*2) MB=Methylene blue
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Table 3 Influence of thiamine contents to the viability of KI. apiculata
10mg of cells were incubated with (A) 1,000pg, (B) 100xg or (C) 10ug of thiamine

Incubation time (hours)
1 4 20
Total 877 821 468
Thiamine contents (ug) Free 877 788 414
A -
) Total 1.24 1.14 1.38
Cell counts (x10%) Viable* 1.22 1.07 0.96
Total 96 97 98
Thiamine contents (ug) Free 90 90 46
B ;
Total 1.30 1.16 1.47
Cells counts (x109) Viable* 1.27 1.13 1.42
Total 9.8 93 8.8
Thiamine contents (ug) Free 65 3.7 0.6
©
) Total 1.37 1.15 1.35
Cell counts (x10%) Viable* 1.35 1.12 1.32

* Viable cells= Total cells— MB-dyed cells

HEHIZRAD15% TH D, MB eI OASE
OHFEICFIA ST MBicBaIh s LLbh 5
59, SREIOETRHBIEHEOLFIIZEHEDOLEE
EEbD D, BEFEIEOZEIAREWLIEZ EBEHEE
£  2M NaClrfiip & KICE %S & 1| BIOBEER
{LCRIEHER 2EBBOOBIC ZE L, i 08M
NaCl & ZiElc U7z KCl, MgCly, RE, 77V &V 7%
Ptk aBBERET k0T Bio Bl & o
1.

6 REFBREBEFOMBLEBEFEIUSE
=B E20O%Et

AtkinSchultzsFrey OFEEEIR 10ml & B A 10mgiCB 0,
10, 100, 1000pg ZWINIL30°CIC 1, 4, 200FH B L
ERBIET S CICMBREREEERE L (FE3).

10, 100pg OBAREM Lic & & % BiEEE BXU
MB JeEERICIE A XA SIS D DE S
BIBEN LT #inL 72, 1,000ug OBrE iU 72
L EERE BRI LA L 4ETIR &L Lshok
S, 20MEEBICIZRO L, COLDWERMBEL X
DL LERBIDIE & A SITEHETH D, MB Jufs
B 312N L 7243, (5)DiE 0> & AR MB Buta
PR D SIEH LU BIORROF M EED D, K
WD D& S ICREEFIT 5 48T

B 100pg WML 723 SO OMBRBERIZ LIS TH
D7zDITIA LT 1,000pg DL DT 54%1CE
Ufc. T13bbEZBOBEERT 213 CREER LS
WEEbh 3.

% 5%

Kl. apiculato \CERE XN 7-Biid ABERHNT MINEEE 517
BEZZ A E A S THIFEEE % 3= U Protoplast I3 &
EFWBOINAHIMTEL Uie, U7t TERES
NRBIOREDFIER L VN ICHEET 3 S Bbih
A, T NEP2 S ERRICEHE I N 2Bt HEEAn
& ORI N 5 L UBRHNCEN SN - Bubsiife
BERECHE LT HET S E HEELT L A58 EEM
Kl. apiculata, Sacch. cerevisiae, Sacch. carlsber gensis
WWEREINBUC DO THRE U R TRZD L 573
FHERBD oDz, BT N THlZEERE
WHAES 573 OIS MIaBE A IR R OFE i Tl P IT i
BT 5 EBbh 3. BEICERS W BB
EPOLENESNIC D ENR I BRSO BOEEI B L&
BusHifaBERmICAEBE LT3 EE3EZ SR, B
BB IR CIE S 5 & BULABIC L
WAICHEH L, MFEEEZ DO RIERSCRER L 7B
R SISO, BLEOMRA SEB SN BT
BEBES U  (IFEER S IO MICHEY 5 &



JNEEAER - BEHHESE - TR 534

BEbhs.

Protoplast & Biz{RHE 3 28614 #5, Protoplast i1
OBUTREBENBMICHEET 2 LBI o 2 nERE
ERECBIDRERID DY, Z DI HiProtoplastd
BERRC - HREINBSBHL, —BEEEshT
BihsERTE U T Protoplast HICHRHI SN 7z D 0 HINLIL
V., S OB & 0BT & 0 R SN A Bl sEER
THO VU BIEINBOIHIRD O EEST B &
s HHERE SNl S CHBISEERBICE RS,
EPE Phosphatase OFAEY™ 5 BB &L 0 SN JFE
U, BRA2COENEERICGERLTY v BEEIN 3
EBZLLZFNEY LB A, HirSuomalainen® (¢
CEEROBUIIE & A & Protoplast NICTEAES % LS
LT 308, HoDB0ABEROBSERSEESES
ORI DI IR, 2OXEIER
BEDHEGR LSO EBZ SHIBHAICEIRINL 72B
ZEELUEBOEBOTNORITEZTHA S, BIE
BERFOERBUC DT BT BMEEIC X 5 Radioauto-
graphy ZAREFHITH DB D THE L 72L,

BERHCERINBUIZ LA CEREEITH 508, &
EHSDERTEBAARBICEREL /2 RO Protoplast
BEEING L, BEREBEL L EBIUBEEE
&5 2 7z & & MBYEMEEEOEINNEH TH 572
CEERNCEZE LB XIT L THAMEOLEB LN T
5. 5 ORRITHING? BB ETA L 72
& EBASHIEACIEHI U, MB e hsifig E8E L
TWREDIHBTZH0DTHS, MB BT FRE
[E®D Reductase DEMCELEINE E LU TEY,

MBZuifa N g 25 3 Protoplast STHIE I NG

WEWLSHEHEL & SICBDFEREEMEICRETSC
EEEDFBLDTHS .

BixZBICHER L 12K, apiculate Tz U T TD,
& IS AT IS O BIO RIS AR U .

(1) B. thiemindyticus MM), v ¥ I BXUN~<
7Y ODAnEEA S CHEMBUI OB I NI MO,

(2) Braun SHEIRBEEHIC TS 2 & BUS TS
FICDARHEIN, BAZIBERLBIRZOLE
o S he,

(3)  AENIBERSAERESR % VEF ST Protoplast Z-FHH
9% EH960% DBl U, BiaSBICER
U 72 BBk 518 Sd172 Protoplast 13 & ZEEREDNEDND
7o,

4) BR-EROBBEEEICESZ 3 EBiDMEMN
NOEHBAH N, RBERPICERERELE I
SEARICBEER L B TEBAYEE L, MB 3
TSI LIRS U .

UEABAELUTEZL S L SBRCERBICERSIML:
BIO AT ERERS U QR EK S BN

WCHEBEDBITRIEY 5 EHEEIN 5.
(#H42. 9. 27. ZH)

X [
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THE GROWTH-STIMULATING ACTIVITY OF THIAMINE
DERIVATIVES ON THIAMINE-REQUIRING
MICROORGANISMS

(XV) ACCUMULATION OF THIAMINE DERIVATIVES ON THE
CELLS OF KLOECKERA APICULATA

Chikataro Kawasaki, Sumio SuiNoDA and Teruyo Ono

Faculty of Pharmaceutical Sciences, Osaka University, Toyonaka

Kloeckera apiculata, when incubated with thiamine in 2 % glucose solution for I hour,
absorbed thiamine to the amount of one-tenth the cell weight but protoplasts prepared from
Klosckera cells absorbed thiamine incompletely to the amount far less than that of intact cells,
Thiamine diphosphate (TDP) was absorbed by the cells as free thiamine to the same extent as
thiamine used but TDP was poorly absorbed by protoplasts. TDP, when incubated with intact
cells in glucose and molybdate (M/10), was not converted to free thismine and no absorption
of thiamine by cells was demonstrated. S-Carbethoxythiamine (CET) and thiamine propyl
disulfide (TPD) stimulated the growth of the yeast more strongly than thiamine but the both
were absorbed on cells to the less extent than thiamine. K. apiculata, however, when innocu-
lated in the broth containing 2 ug of thiamine, CET or TPD, showed better growth and higher
content of TDP in cells after incubation with CET or TPD than incubation with thiamine.
CET, when incubated with higher quantity of the yeast cells, penetrated into cells by simple
diffusion and was easily washed out by isotonic solution. Thiamine was accumulated on the
cells completely and could not be washed out by isotonic solution. Penetration of CET into
cytoplasm and conversion to TDP might be correlated with higher content of TDP in cells on
growth tests.

CET*VE XU TPD* 5B Bkt BEREK oeckera api- A7z,
culate DIFHEBI L VR BHT B C L3 TICE

E. N,
U702, #3613 C OIREAD K. apiculate 1€ X 55 x BT K
BMOBLC X 55D EZEZ BB LUBFEIDER S 1) {(FRES LB ENE
HFE U= BO SR GICERIN, Rt -8 Bk & U T Kloeckera apiculata TFO 0630 % F5L>

BEOMCHEBBERIEZSSNEL DY, LrUES 7z, CETEBURIRBHEMEN S5 34 0, TPD
BORBIEBEREK L TR ChpsiEEDz s RN OFEITHER UK.

EOTHEDN LT EMEZL LN ZOTEHHEDBIEBiFE (2) BEEaEEARNS

HDKL. apiculata T & ZEREEICONTX 5 ICHE Strepiomyces albidoflavus DHFES A BEEAFRFUL

*1) CET =S-Carbethoxythiamine ~ *2 TPD=Thiamine propyldisulfide
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Bk O e 5AEZT TR,

(8) Kl. apiculata®i5F

X X LSRR BRI EEREEL T
T30°CTRE LT

@) BisIUBFRHEOERBOHUE

B AT A KT 2 8] BE% % 0.1N HoSO, k 7cid
HCIT 1543 FE Wb Uiis o 4.5 \CEEE 4 ml
W1% 42 ho7 2% —¥Bi1ml £0%50°C, 2 R
R L7 HBICN - The iBiC CBBERRE L e, 78
BCET FEMU7 DI DNTIE 2 W07 2E—F
IFEETIC 7 v U AEES, TPDARML 72d DICDW
Ty 257 4 VS Z1TIE DT,

(5) Kl. apiculatad®Protoplast?EHl

SEORRELC & BBk (OD 0.250 1075 % & S BWZHE
FEUS0C, 3EMHRE 5 B LT 87 Bk ZmE
0.8M NaCl, 0.05M MgSQ,, 0.003} 2-Mercaptoethanol
 BLU0.03M Y L TREERD RIKAT MIEBANRE
FoE30°CT 2 B 1EA &7, RRIGT 96~99% 23
ProtoplastiC 7527z, 7535 Protpolast OHIE I Ml K
WFAB LI EEINBC EITLDITRL, B
DFHEI3 Thoma O MMk FHEME%E Mlade. REUE
Protoplast D¥EZ B & U2 DH OBIEC I HRER (K
BE0.8 M NaCl-0.054 MgSOBEH) % ATz,

£ B K B
O BOERCHLFTHBRAOHE
Kl. apiculate {3 EBEMAPTBIE L CEETE0T

Table 1 Accumulation of thiamine on K.
apiculate
10mg (as dry matter) of cells were incubated with
img of thiamine in 10ml of medium at pH 47,
30°C for 1 hour

Medium Thiamine accumulated*3
Water 26
0.9% NaCl 25
29 Glucose 81
Inorganic solution*!) - 24
Basal medium*® 80

'*1) KCl, (NH4>2SO4, CaClz, MgSO4. FeCIs
*2) Hoff-J¢rgensen medium (2% glucose, 0.25%
casamino acid, inorganic solution and vitamin

solution) *3) uof/mg of dry cells

B ER 1O XH5ICHT, FER 10l hTEE
10mg (RZIREEOICD1 1 ng%30°C, 1 KA I e/
LERBIREE LU, #10OXLHCKETEEAE
KA TBUTERIN A, SV a—2DFETEEE
EREBRBEAE VORISR ERELBINI S A1{E
FAaERIE» Dk,

@) BOEBICELEIrHOEE

2 9% 7V a— ABHR TREEVOIM D 7 ~ VLR
EHIC X O AL & 30°C, 1 BRBOEEELH
£ 3 L HLO TR & U C55ug/mg & 15 D HD I
IR ON CHEBEREML H 49TREE122ug/ng % -
T U LS L7 4 T 10pg /g & 75072,

3) BiO&ERICHKEFITINI—-REE
DEE

U BEERIC LD HA4T7 & US v~ RBEE
0~42%&LT30C, 1KHZEOBERREY HFET S
EZ v a—RBEED BIMC O T B ERED iU
05% TRREBVZENULE FVva—22BUTHE
BEIBIUEhD7.

4) EHEERSSIUProtoplastizk 3B,
CET, TPDoO&ER Q)

5 x 108ADIEFE ML FE 7213 ProtoplastlC &R
Bi, CET, TPD 500pg, E¢*P4#mL 4.7, £8 5ml
ELT30C, 1 HERBERBERBZIE L. &
2). LINO EHTHBDEDS L EEIh, ©
WTTPD, CET OIETH D7z, Bibs kU TPD OER
BIERMETI VI —AOFET S EERFRTI v
— 2% e OkREIC X VEEEEED Uk,

Table 2 Accumulation of thiamine derivatives
on Kl. apiculata
Cells : 5% 108 cells, Thiamine derivatives :
500ugEg, Total volume : 5ml
Incubated at pH 4.7, 30°C for 1 hour

Intact cells Protoplasts

Glucose + - + -
Thiamine 361* 158* 181* 11*

CET 25 15 12 13

TPD 208 96 69 - 14

* ug for 5% 108 cells

#3) The = Thiochrome

*4) Eq=Equivalent to thiamine



Vol. 36 No. 6. 1967

(5) IEF#EaE K UProtoplast(ck 3B,
CET, TPDOERE (2)

AiIZRD & 51 CET OFEEEIIBIC { 5~ 2 L,
L8213 SITENETD 3. RILIRI & DEMMAIET
I BIA A MR X OB BB T 2 b
NTLBEDTEDHEIDNTHET 372D RIGHOE
ETEZRGHIR LU TITE DR, bbbl L ARt
THREH2.5mO/NAERE B, CET, TPDARMU 2
£0.15ml & UCHEREBEZEE L. CO&SWERDHE
BI2H00.05ml TR BRD 1/3 %50 5. T BRMIA
HIC X RN RARET 2 1O HIGBORED
W H3, LEETEARTREICERNEL R
v b TIROLEL S D, B U EERE S BDCET DR MNER
BITR2OWEICHOL IR KL OBiE i3 BisEE
OHIFEZEITIZ DI

Z O, BIWART IO BiBLUBZBEERIIE
EORICH O THOWERBEZR U, CETiZZva
—~AOFE DL T, F 2 IEREMIL T b Protoplast
THIZIZBREARICEHSA U TRRRICEBT Uk, 22
TPD %ML EEB EAEN BCELLTHRINE
s, CETARMU 72 & SAREH T TRAHEICET
D% THERIKRBEN ., $9bL CET 32D
¥ OMT MMIKEIC LY BEr BBTEEEION
3.

Table 3 Accumulation of thiamine derivatives on
Kl. apiculata
Cell volume : 0.05mi (9 x 108cells)
Thiamine derivatives : 100ug Eq (0.10ml)
Total volume : 0.15mi
Incubated at pH 4.7, 30°C for 1 hour with
() or without(—)2 glucose

Intact cells Protoplasts
Compounds
+ 1)1 —2 40 -2
Thiamine 92/tg| . bbug 87ug 29ug
30 32 37 29
CET @* | @ | 3 | (D
64 59. 52 37
. TED w* © | © | @

* Thiamine as CET ** Thiamine as TPD

(6) B;, CET, TPDZZHMU IcEEDO5S

BIARD & 1T CET HBUMILANC & 0 BRNICE S
T35 COEEE CET 28 % 0 IFRAIC B4

Ki. apiculatolC X 2 B8k DR 587

FEARROCETIIMISAHCRIET 313 3°Th 2.
B 10k 5 B TS OB BIEA 1T U

o, Btk EBAEAEM S L SEARSKED

1/3DGMEEEYD 205, WERETR BhiIERED
1/100 250 21Ky, AEEREN 2 ks U
DEE L I RCERCER I N7 BrE 723 B
8, B2 JRBSoRENEREdT IR, EF2 135
L L OB UcB%ETRY, B TPDORSWIEEA
BT X B 3 SN hDhhs CET ks
L DIEEAEBEEMTTRH Lz,

Fig. 1 Procedure for washing the cells accumu—
lated with thiamine, CET, TPD

Protoplast or intact cell ~ Thiamine derivatives solution
0.05ml (9 x 108ells) + 0.10ml(100pg Eq)
Incubated at pH 4.7, 30°C for 1 hour

!
Centr?fuged
| |
Cell 1
Suspended in 5ml of solution

incubated at 30°C for 1 hour
Centrifuged

Supernatant 1

I
Cell 2 Supernatant 2

Fig. 2 Release of thiamine or thiamine deriva-

tives from the cells by the washing with

isotonic solution in the procedure of Fig. 1
Cell 1 - |

<Cell 2
- * l
Thiamine
! B
I
CET
P
1 1
R B
0 50 , 100

e

*] @ Intact cell **P : Protoplast

(M IEE#EE LU ProtoplastiZk 3B,
TDPOERE
BERRCEETE SN/ BidiZ LA EBETH Y, &
7o TDP* ZRINU 7o & S WHE - UTER D
A, BERED Acid-Pase*® |3 FRER L O NI DO ATE -

*5) TDP= Thiamine diphosphate

*6) Pase =Phosphatase
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9 3 Enbh 19 Protoplast iC 9% S FRFEIN 5.
DX >1:, Acid-Pase DT LISRETOTDPD
ERARE U

1.2 % 10° [HOE#EICBL, TDP L ngZ HRML, 2%7
a— RAGTERER P T HAT, 30°C, 1IHHER
BEBRBEANE TS EE 4O LS IWIEEHIETED
LTDPOERBITFIZE LIS, Protoplast T3 TDP
BB £ S RERBRIIEN DI,

Table 4 Accumulation of thiamine or TDP on
K. apiculata cells
1.2x10° cells were incubated with 1 bg of
thiamine or TDP in 2 % glucose solution at
pH 4.7, 30°C for 1 hour

l Thiamine TDP
g gl pe g
Protoplast 185 (1T 0% (60)**
Intact cell 375 (375) 370 (875)

* Total thiamine ** Values in bracket are

free thiamine

F7:B1, TDPOLTNERINL - L & THEHEIN
b DT EA L BHRITH DIz, FIRFIC Protoplast
(DPase {EHEATDPAEE & UC 47T THIES 5 & 1E
B0 5 9% THDfc. PasellEHITHZEY FFv
BTN L T30°C, 1 ABOEEE: MET S L
103M UFOEY FFVEEF VY U ALK DTidPase
e {EEISN T TDPEBIC B U TEE I LE
HICEBTEST 25D BUCHLY 8 ST Th/chs, 1072
Moz 77U BEERINUZE & B OERERL
FHE IO L LT TDP oEEIHEIN -

Table 5 Influence of molybdate to the accumu-
lation of thiamine or TDP

1mg of cells were incubated .with 100ugEq
of thiamine or TDP in 2 % glucose solution
at pH 4.7, 30°C for 1 hour

Conc. of Na- Thiamine TDP

molybdte Sup. | Cells Sup. Cells
M rg ng rg  ug rg opg
1071 3% 6gHE| 8E* (0)*H 0* ()
1072 25 | 77 |63 (O | 3 (19
1073 22 75 0 (19 0 D
1074 8] 7|0 @)| o @D
0 25 76 0 L 0 (78)

* Phosphorylated thiamine ** Free thiamine

BIICEBOTDPPERE L2 (X 5). TDP Pase ©
TERCBICZLT 5 C LI X DI U TRERHCERE S
haEEION 3,

® BEEEFBOFER

Ki. apiculatalC X O REBICERIN/-Buds~TilE
BEEITH 505, WAEMERICHO ABREICHRMU 7
HOOEFEROFELEE LRI U, 300ml =M
ARACB1, CETE 72i3 TPD 2 pgEqa2rd vl 100mi 4
AN KL apiculate %HFE U30°C THRE BEL S U
B R BLE X U SEIB: (TDP) Z8IFE L 7= (B
3).

Fig. 3 Free and phosphorylated thiamihe contents
of the cells of Kl. apiculate after cultiva—
tion with thiamine, CET or TPD

(2pg EQ)

-
Thiamine A
Growth

.
CET o TPD T3~

Thiamine contents

0 Fﬁi
e — I — e
35 16.5 20 ©

13 16.5. 20

Incubation timeChour)
*P : Phosphorylated thiamine
**F : Free thiamine

CET, TPDARM U 7o & SERBEEEBERML 7 &
XX OEEERL, EEBUSIZ LA EKEAET DD
TDP & UCHHE N, —HBERMND EHLd 27~
409 H5ERER & U TR ST re, Cn@iBioautography
WEDTH WRU. T-BRIMBELBLT4ug
Eq#%50ml OEHIC IR L C20M5] BEB/ATIL D
BERERIBIORABUC 72009 5 Hld Biis 1%, CET &N
3%, TPDIEMN2 % & 130, M3HEEEBE UTHRE
X, BIRIBEEED Y v BRI EL D,

% &

Kl. apiculate 3EBLFICBOTRBESREED10%
KA BLEDIZERT 20, EEINBMEEALE
FNRTCERRTHEC &, TERENEELLEL
ABWETHAC E0OAHTERINZBIOTRTHE
BEREICRIAT 272D b O EREL LRI, AiEw
TORESICEBEINBDIZEA LREREEE
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TR ERERE S MO RICERET 2 L EbN 305%
O IEICIE Acid-Pase B L TH DO, FEFEIN,
7eBASEREB & UCTHET 30RMARTES S, Pro-
toplast %3884 | CPase 2fF4 5 L TDPIIBi &k D &R
Ehic <, PasefHERTEH B €Y 77 BEREARIN
9% & TDP OHERIHEIN . Uz DOTERES
NZ 7D OBIEHETH 5 £ L MBET, BEHE
FRICIEREB & UCTHET 5 L EICEEND 5 BN
%, BEBALTE. colihs ThiaminokinaseD{EH CBi1%
O EREL T BN, BROFSHEIELD
TERENEL OGNS, ISP OL S BUERS &
LEILIHDTHA9.

BB AR B TR BEMERICIVES
AR PNICETT 3 3 DI LTI & O
ZERICLWL, Uk L— B fiao % ci S
B T2 U TR 15 © ORTEA 5 2 A E
BTRAEO NS 2EBE S hThTchb. HUR
HMIRENC X 2RI A I 9 278 S I RUGIR S
TE 32040 UT HIBGREO L B4 NER
5.

SR DEE S DHEEIT BT CET BB I &
Y Ki. apiculate DIFREEE FlBT 5T EBRIN
fo. EBEICIESA RO 5D 2ARE S bT
InTH BN, BMEEIC XHoT ERENIC BB L
CETHBREEAR TR E LT hIZERER® CET #
BRI T 25U BREN D6 CET »55E#
Uik ici3 CET MsBic 2 b U T BIRERICER S
N3THAH. CET 0 THBIL DT 800 BE
WEICHEOTEKICERIN S, ULhL OIS0
JREEAHRICIE & & 5 FICERBERIKGERT 5 &b
3.

—7, BiEwRINU & &— T REEEEE 3k
BEARITICEERED & U TRTEBAICERS fod—B UK
EMICGEER LI, BRHESENINcE El3Bo
M BICERIC SR XN B8 Suboptimal BASTRIN
IS EBE U BRERICER L IO
72O UTCET i3 A CERERIC BB T 5720
EHNOKBBER CET Z2RIMUL72EIL0LE <
20, TR TDP G2 HICIIIBEEN &13
t#zon3., TPDARIMUZE S CET ERAUH
MECDIRC 2 EHEBZ O 5H TPD BAEZBICB
KRY, FEHEAE KR TERICERS 0B
HAMA THEEST S EBIEAUBERELUIRIBNOL
ED CET EE D2 AUBHEEEL SR,

Kl. apiculatalt k. 2 BiBEEOER 539

I$A DO OBELEL SRS B0
BETh 5.

BiFF SR DBRIC X2 L A LA LTIE BR
1), B DWEND O, B\ 51713 Benzoylthiamine
disulfide % Sacch. cerevisicge DELFICINZE 72+ % O-
Benzoylthiamine D B CRERF DR E W 5 2 HE &
BERNRTIOBN, A1 &b K. apiculatalc 50T
@Bk DBRNIEE AR S 5EX TO B E koM
faNFE B DE L EZ BHBERLUTHSS.

o Bl

(1) K. apiculatal} 2 % 2 v a2 — 2 DIE{E FoH4.7,
30°CT 1R RIBi & B 2 C S K VB REED
10%1CDIF ZBA B & UTER L.

(2) HujEEEARRZ U7z Protoplastd Bz tEtd3™ 2 s,
LB IEFEMIGICL 55 & [ED7z. TDP & B
EFIBEEIN A0 X THBICRL L TR S h
Protoplast I X 2EHEEEBi1 L 0 EETHE D, HE
BB 2 5  WEREEMAE TR & UTHRET S
CEDEERNC EDT 1 DOE®AE > EEbh 2,

(38) CET, TPD OHREIEIB1J O {ELHI CET (35
IR X 0 BB B A EE U,

(4) IFEICAEREO CET, TPD AU T g .
U7<BilkiTid TDP 0& LhvBH ST Soss Bue i
MU THEES 2 E27T~40% OB X 7.

(5) CET {dBUsIFAEIC & © MBEAIC Bl U TCBi%
BT TDP (i EECFIAINZDIC 12 LT T
R EREEMARIC & EF OB & UTERET
L1 —MUNERECRIE 33 CET X O {RU 5
B ER U EBbh s, (42, 9. 27, 3D

X =

Dl FE - BA: v x T 28, 205(1963)

2) JIiky - @ v 232 28, 299(1963)
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THE GROWTH-STIMULATING ACTIVITY OF THIAMINE |
DERIVATIVES ON THIAMINE REQUIRING
MICROORGANISMS

(XVI) INFLUENCE OF THIAMINE DERIVATIVES ON THE GROWTH OF
KILOECKERA APICULATA IN SYNCHRONIZED CULTURE

Chikataro KawasAKI and Sumio SHINODA

Faculty of Pharmaceutical Sciences, Osaka University, Toyonaka

Kloeckera apiculata cells repeatedly centrifuged at 1,500 rpm, were incubated in the broth
at higher concentration of cell-counts for 2 or 4 hours and then they wer diluted with the
broth containing thiamine or its derivatives ; synchronized growth of cells was observed on
incubation for 2 - 6 hours. When thiamine, thiamine propyldisulfide (TPD) or S-carbethoxy-
thiamine (CET) was added to the broth (0.125 ug equivalent), TPD stimulated the growth
more quickly than thiamine at the first stage of growth, whereas CET and thiamine showed
parallel synchronized growth, until at the last stage of logarithmic growth CET stimulated one

more synchronized growth than thiamine. These differences of synchronized growth by TPD
and CET will be originated from their different speed of conversion to thiamine.

BiFEHED 5 ETPD*V 5 LUPCET* (3 B ERMEE
Kloeckera apiculate TFO 0630 DHHEAM SE DB
LU bEmREETZ2, EH SR FRE B
B BIREEOBRNC I B4 DRBEARH L
TEBEEBZ 23 BFEERERINLT Kl apicu-
lota DFFEBEFTEITIND, BiFBAOMRUETE(ELE
HEETED 1L 3 FHEIC Bbh 3000 DT HE L
72, K. apiculats OFIBEEETEE ST
MDOBERNC B TIE Yanagita®, Sando? 510 & O
ENTLBEDOTENLEEEE U TKI. apiculataDR
HEREHSBFEROREL L S5,

£ B O OB

1) Kl apiculata()iLE
X XNICHRA U 7o 2R HhiC B & o i B3k A s n

L, BAEELTOCTIRE 5 BEEETE DR,

@ BEESUICEEANER

R O—EAEDSIUI00°C, 5 & H U i
XA SDEEIEHCTOL0me iIT BT 2 BEAHIE
# Thoma® MEREHEMEA AL TRERZARE U,

£ B Ok &

(1) Kl apiculata® RZHEEEDOKEL

BEORFEKEE U TRERT 2T ABICX DED
REIEEETEHE, BOEELOLFER TR
BTLH%, BERCEBECOABLUCHIRELLD
LEBICHERUTHEET S HEL &M #E ShTh
598 Kl. apiculata® BRI R K FRER 21,5007 pim
TS0 U LBERE L TA L S U B AR

*1) TPD=Thiamine propyldisulfide

*2) CET = S-Carbethoxythiamine
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T AT LT 28R 8 BRRDIEA Lz, CO
BRI L OBEOREIENZVZARA B ENTER
DT, COEEREEHICE UTEE SR UBEZE#
RN UE U Fe DB D B BEBYIR & 1375 5 15D
o, X HICENARVEZ LTHI OERIRIC BT
BEERAL R TIEO1H, BbLOLERESELN
T, & C1500 v pm, 543D EmILE 8 HRRD '/
2 UCEN B EREHIC 100 cells/ml DEEIC A
X30°CT 2 BSERE U 7= D B ET A BHOE 100 15
OF LD UT0CC TR & S8 AT125 & 1
B % 0 OBBBAID D B ABIC B 2 S
U, LUSBSEYR QRS E CEEBOEEIM Lz, F/e
HRERBE R A 4 I5RT & Ue & SIC R 00 mis
Sh7ehs, DS FERSEIRER Ui, 1IBHH
BEAIIC & 2 BERPE MG TRIE T 3 & DRICKES
DMHEREICH D, HEFEL TS VRS
nisthotz, B% 5 L IRMELAKE L TR 543
M9 HITEPAIC DXOHEMN T 20 Bbh
5.

Fig. Method for the synchronized culture of
Kl. apiculata

Cell suspensiod in saline solution

Centrifulged at 1,500 #pm for 5 min.
Repeatecll 8 times
l |
Cells Supernatant
Suspended in the broth at 109 cells/ml
Incubated at 30°C for 2 or 4 hours

Diluted with the broth containing
samples to 100 times

Tncubated at 30°C

2) FRBECEKREIBFEGORE

1 DEVEAETTILS T EIT LD TR HINA R B
REZL, AFAERET I ENTELOTBHERE
ZRIMUED 8L Uo7z, BFEBEO RINER
0.0125ug (B4 E) /ml & U7, FAREEAEIEE
EBREORT ABK T bRIhEB LN T &,
B IUEBNEOMA LEENEIMERERECE
g 3 EDHICEE D, BWIRERMUEH0IC
SHEEHOE I ULD7A, TPDERIKFHCE 2 H
B OBEOBEINDBL CETOIXHF L VR YL
BBIEDED LIEDIC K& DIz, CET RIMEBRCI

Bi& g o7  HBHCEEAEM U 2248, EsEHo
BINCE D CBIRIME OWENHE A X fe L EWCB1ED
ENBDN, 1Tk B Bk s ohi, T8
TPD {3 REERE A e LR L, B RNk
HHED 1 HHRORIE EHEL, CET 9% HEl
OEMICEBESZ 2 LEX NS, B COBAIR
BEOHERHRD S SEHNEDIT S E EEETE
ROBEET L ENTER{2,3).
Fig. 2 Influence of thiamine, TPD or CET on

the synchronized culture of Ki. apiculata
(1) Cell counts

30f -omemeee- CET
—-—-— TPD

Thiamine

x107 cells / mé

W
4 1 2 3 4 5 20

Incubation time (hours)

Fig. 3 Influence of thiamine, TPD or CET on
the synchronized culture of K. apiculata
(2) Optical density

o

=3
n

Optical density at 610 mu

=3

Incubation time { hours)

% £

Bi, TPD, CETAEINL T K. apiculataDRIFIREE
%4715 5 & TPDE CET 395D/ iR EE A
%R U7z, TPD ZHINL T 8559 2 &t #iHo #0
KBIEDEXME, 2 EEOEEOEMMBBERMOE
BOEORL DO 72> LT, CET AR/RINL
72 HITIR B & DEMREZEICB DN 2 OB WEHID
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BHICIZ>TH ST o7, TPD i BB
O 1 EROEXZEHE T A 72 LT CET BB
TNEE D ¥R AT R 2 RS 12 HEIEIRC A 2 i
BELEZ Tk 1R 4 57843 & Bbh
5, COXHEBENRB D 2EOFEERDBANDER
HECHEEST Z50THS S, il KRLkLHK
CET, TPDB1d ¥ &\ R A R 3 E O KN
BRSO OHBEKERMU E SEEBIOERL S
FEEHo TDP* SEBSBIRMOES LV EE S
D THAHS. ZOIVEETO TDP 484 HEd
% & TPDETRML 72 b OHEHHICE N TDP 8% R
L7zDI 720 LT CETHRMOIE B3 TDP 8
W 20 B 72, TPD 2330 hicBilc 24642
O TDPICZAL LSS, CET 3 BIEAIC &3
ZDF FEF U4 (63 50O T TDP & OHnhs
WABPPCIEDIEEZ OB, LichsD>TTPD %
Wi TIEEHOE A TDP 255B1 &Nk 0 &
{15 20T AFMPICHRL B3 5. CET IMRCiZ
BNOE#EAEZ {, WEHOBIMICE>TEIUHT
TDP &EMBIRINOIES L0 & BEIICE L 120B
WINE OIS TICHIEMICAS 5 &3 3R E TS
B BAT IR EHER LD TH A S,
Nosoh 5% (3¢ BERFO ARG B AT IR OTHEAE B
BICEE L, B OHEHE LU RO Rl
ZHIABCKA UAHRHIET 50, BELDERTR
HERCE 2 FEHEFE L TOROLREBNIZ LA S8
HENY, DhICKBAOMEAHZRRETEEIh
7o, BEOBOIRRE TR (B AWK apiculatad
BOWEE LT HEFCE ARG, IR

*3) TDP = Thiamine diphosphate

Ki. apiculateDFIFAER & BB EADRE 543

EHiED 5 DEET ISP AIC O OHZEMIB T 50
TREBOHEEZLON S, TBERFARBBREICOHLT
BISEREEETATHS .

T

Kl. apiculata RN U THOKRE IR ZAHZ,
REHCE BB AE U TR L Db 100 f5ICH
RUTERESET A LI L VAREELTE S &
T&7z. B, TPD, CET AL CTHEEEETLS
& TPD (3B ORI O HEFEA B & D 3  {EHEL
CET (3 BiRINE g L HNC A % BT 7B hE 4 4k
X BERA R U7, TPD, CET @ #l> HAEEE
PbsEbN BRI A RFIE C D 2 BOFHEKD
BNOERHEEDENCL B EELI NS,

(FR42. 9. 25. B3H)
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PENETRATION OF MODIFIED THIAMINE COMPOUNDS
INTO ERYTHROCYTES

(I) COMPARISON OF THIAMINE PROPYLDISULFIDE
AND THIOTHIAMINE

Chikataro Kawasaki, Isao TomiTa, and Sumio SHINODA

School of Pharmacy, Osaka University, Toyonaka

Penetration of thiamine propyldisulfide (TPD) or thiothiamine (SB,;) into bovine ery-

throcytes was investigated upon their suspension in physiological saline solution.

TPD was

quickly absorbed by erythrocytes and the thiamine level in erythrocytes was either kept un-
changed for 24 hours or not washed out by repeated shaking with saline solutions. SB; was
found almost equally in erythrocytes and the supernatant, after incubation for one hour. SB;
in erythrocytes was partly washed out by shaking with saline solution, as SB, existed as itself
in the erythrocytes. TPD, when penetrated into blood cells, was reduced to thiamine which

was no more washed out by saline solution.

Only one spot of thiamine was demonstrated in

hemolysate of the erythrocytes by means of paperchromatography.

TPD*D 3 %\ ~3 TAD*2 33058 U 72 MLEROD S50
BBk W BN MBI SR L, mERP i
BB 27213 TDP & LTHFET S 2 LaBhBYogE
DL D FEZCID ROONT &7z, BIN52 13
TAD o MBS 2o lekc3E5 ¢ BkkiRsn
E5bDTHB EHEE L. BuC S CIREE AR
2, TPD & £z Y BT & 2T Buz 2 h B
L SR T399 SB0 o MEREATH: % TPD » gL
7=,

ERIEB XORK

@O fEHLAmEk

BE7 4 79y Lz v 2% 3.000rpm T105550k
L CiBk# 2%, Krebs-Ringer U v BARMER T 2 [EPk:
WL EDDE 3,000rpm TIONTH FIEL 72 b0 2 Hv
7z,

(2) mEBBITEORME

i3k 4 ml VEBIEFEANE 1 ml B X UAEFAEK 3 ml

WA, 37°C T—EReRIEIRLS, 3.0007pm T
T LIER & MBI, MBS ERARk T2 B
UE LUK HIEERC A L Co F ok 5400,
S a)  MiIRER0.1N BRERISMI % AN 2 B etk A5
EL, 3%FAVTRARI—¥BW 1ml #z37°C T
1 BIREHESESOml & LT F IR T A L B0
—EETRIEE L7z,

b) EEEE HAS L LT b 2% T OV TRY —
¥BW 1ml £in237°CT 1 KFEHLE2Sm L LD
D—EETREL L.

BB L 72 BRI BEBY —2F v T RS
BICN#Iz L Y BiE 2 =& L 7. %8 TPD L USB
FHML72 b DU S — 2T » Y BBFIC O EDEER
fFio7. Thbb, TPDWX05S% v A5 4 v 1 mi
# A pl6, 60°CTI0H{RIR L, SBrid30% B8R LR

. RERE 2 MZS0°CT 5 SR D ML L TRk L7z,

*1 TPD =Thiamine propyldisulfide
*3) TDP = Thiamine diphosphate

*2) TAD =Thiamine allyldisulfide
*4) SB; = Thiothiamine
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(8) mEkDERIRE
H1oZE {45kl

1 o Bk & &EE

IR+ B
37°C, 6045MRiE
él%
4 {
HBRER L7
AEEAEIK 3 ml ¢ i
l%mhﬁ%mﬁm
{ i
IERED VEHE 1

iuTﬁﬁD%ﬁﬁk%ﬁk5
% i
MERE PR BIU3

® TPD BLUBOmMHBITE

TPDE X (8B; @ 4 %102 A (13.5ugBi-HCIE*)
P MIERCERAT L 304, 6043 X UR24REfEE 0 fBkigAT
3 EEL7z(d2). TPD #%ML 72 b 0k 3058
VCEREIIEOKBO% A MERPICAEIEL, TOEL605
X HICUBEETLH T 0L anok. —FHBiE
BIL72b 01 2 L o L nEkiciie ¥, 24%
R L 13% A MRz B X L 5127 D7z,

2 BEAbNEELESS SB, DRITEE
SBi s Bz iZBPO®D %5 28 A bh T B ik
LI R MESREN G L 72 3 WEIRENMET T 5

7k AR LU BER(LAKEES SBiE BRLL TEEM
K&%i&?%:&@%ﬁ@%%?%%@ﬁ:h%m

TPD & SBi» i ER#EATHE

K2 TPDH L UBIDMEATE

TN ¢ 135ugBi-HCL E
M Ek: 4mil, 37°C

RSB B JEA L7z, £ 9SB BER 1 ~4 % 1077
% (3.37~13.54gBi-HCIE)1230% WEEE{ LIk 5
#h0Z 50°C, 5% KL d ¥, BB —ud v AHHE

FF BT B EE D BrCN iz ko CBiERFEEL

LI AWTB96~99% OB 2L, £ITCH
BRICIRIN L 7-SB1 OENER # 1T 0wFE 1 0B HEE
RENEER LB, BB S—sT v VAERTEDT
CERETDEIORERARD bR, Th
BROBBELAERThHD D4R Z HEL T35 D
DEEDOND.

(3) SB.DmHBITE

#E1 MERGRHD SBr OBER{LASRRIC & 2R

SB ¥R i B (pe) Hy0, Bie LToEE i} 5w B
6.6 ' + 7.8 6.2 (94)**
- 3.2
ES B - '
13.3 . -+ 14.9 13.3 (100)
— 42 :
0 + 1.5
= B - 16

* ENE = (B -EHB) <099
= mEiE (%)

#27 L SB-HCl 0.99xg & Bi-HCl 1pg i

%5 B-HCIE = Bramtafi &

*8) BPO=Benzoyl peroxide

#7) ’rhc = Thiochrome
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IMERERE FEFO TSI ¢ 127 ) 20 k004
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W FEARAD FHEW bR T B0, X hiT
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BT H BB L72B8 (2o & & MERFIZ13580g
Bi-HCIE 23847 L T W)~ Hib R 0.3~
0.5ugBi-HCIE ¢ %572

(5) PPC® (L& BmBhEHERBOKHE

SB1, TPDE L UBi 2 i L "C37°CTE054RIR U 72 i
RIS ek U CmEREB R & b, AEANK TR
LT b8, BREREERL L F0 LBk & BRER
No S0 2DV BB -7 % J—N o k(1 4 : 5)%
BB & LCIREBL Rl - 742 Y 7213
Dragendorff 3% T EAE LD72(K4), TPD
IR BiER & —2 4 502 261, TPD &&%

K4 PPCW X % mERFEEROBE
BRI R T 5 )~ -
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vBl {S* — : _ :,I

E**[ e)

]

| ]
e o __ 1

_ s [ =
SBi, TPD 5 X B 4 x 102u €U % Fin L 7z Mok SB {
% B 1 OB R0 TURHRL 2, 3, R E L B 1ig [ -, P |
OFDOBiER BRELGEE2), SBldRET s
DERBIEN, & O ERE b AT A T05 RE O 55 —3
R LED IR OEREMU 72, —FBiB k * S : Standard

UTPD 2L 7z MERTIE37°C COSHRL 7212 Hh

** E :in Erythrocytes

2 m B ¥ ¥ w2 x B ¥ W @R pe)
BiEFEININE : 13.5ug Bi-HCl E
oW o® | % ow o1 % o® o2 | % o® OB

S B 4.5y 1.6 1.3 1.0 4.8
v 45 2.2) ©8) 1.3) (3.4)
1.6 0.2 0.2 0.1 11.3
TFD (1.6) 0.2) 0.2 0D (11.6)
B 11.5 0.4 0.4 0.1 1.2
(11.D 0.5) 0.2) .1 a.n

Bfr pg B-HCLE

*O) WREBRIEC S W CEBARKE I 2 T b 37°C, 30FREHBL L L0,

*8) PPC =Paper partition chromatography
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AT 50 -3ERERT S L EFCBUICETLI M
AR LB IRSCEATINSE Z L RELIBNS,
Bud fBREE 2 FE L4E7 0 CBIE MERPICETA S 1
7Rk 2%, AU X SIBU B g¥k ¢ B b MBS
FTHED B BSPLFMERANTY SBi D 3 CH A0 T
BRAVEIM L 2w & 5 W EBAEK TS & SBudiiH
7%, TPD DiEHid- MERZEDTOBABITEA L
wHLZw, 3L TPD 0 ¥ ¥ ¢ HFETVIEERIE
KRTHHETE 2139 T %, mEkFo TPD 3T
BREINTBIE LCHET 5 L HA D L 2 OERKR
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YRINILER: BT & A & TRESEEAD b kD7,
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School of Pharmacy, Osaka University, Toyonaka
(Received July 7, 1964)

The fact that thiamine propyl disulfide (TPD) or thiamine allyl disulfide (TAD)
in the suspension of washed erythrocytes was more quickly absorbed by erythrocytes
than thiamine, and existed in the cells as free thiamine or thiamine diphosphate
(TDP) was reported by Suzuoki (1), and many researcheres. Matsukawa et al. (2)
assumed that the penetration of TAD into erythrocytes was due to simple diffusion
because of its fat-solubility. Thiothiamine is known to be more fatsoluble than
thiamine, but cannot be converted into thiamine by animal tissues, differing from
TPD (3, 4). The penetration of thiothiamine into erythrocytes was therefore com-
pared by the authors with that of TPD.

EXPERIMENTAL

1. Erythrocytes
Defibrinated bovine blood was centrifuged at 3,000 rpm for 10 minutes. The
erythrocytes were washed twice with Krebs-Ringer phosphate buffer by centrifuga-
tion at 3,000 rpm for 10 minutes.

2. Determination of the Amount of Thiamine Penetrated into Erythrocytes

To 4 ml of erythrocyte suspension 1 ml of the solution of thiamine derivatives
and 3 ml of a saline solution was added and the whole was kept 37° for a certain
period. Serum and cells were separated by centrifugation at 3,000 rpm.

The cells were washed twice with a saline solution and the washings were
added to the supernatant for the following treatment.

(@) To the cells 15 ml of 0.1 N sulfuric acid was added and the mixture was
heated for extraction. The extract was adjusted to pH 45 and 1 ml of 3%
Takadiastase B solution was added, followed by incubation at 37° overnight. Then
water was filled up to 50 ml and the mixture was filtered through filter paper.
An aliquot of the filtrate was used for the test.

(b)) The supernatant was adjusted to pH 4.5 and 1 ml of 2% Tadadiastase B
solution was added. The mixture was kept overnight at 37°. After adding water
up to 25 ml, an aliquot of the mixture was used for further experiment.

PONESEAKS, EEB, EEMS,
154



Vol. 10 TPD AND THIOTHIAMINE 155

The sample solutions thus prepared were treated with permutit and the amount
of thiamine was determined by BrCN method. But the sample containing TPD or
thiothiamine was treated as follows prior to permutit adsorption: To the sample
containing TPD 1 ml of 05% cysteine solution was added and the mixture was
incubated at 60° for 30 minutes at pH 6.0. To the solution containing thiothiamine
several drops of 30 % hydrogen peroxide was added and the thiothiamine was
oxidized to thiamine by shaking at 50° for 5 minutes.

8. Washing the Erythrocytes
The suspension was treated as shown in Fig. 1.

Erythrocytes + thiamine-derivative solution
Incubated at 37° for 60 min.

{
Centrilfuged

}

Erythrocytes Supernatant

Washed with 3 ml of saline solution by
centrifugation :

! {
Erythrocytes ‘Washing No. 1

The same treatment was repeated

| |
Erythrocytes Washing Nos. 2 and 3

Fre. 1 -Washing the Erythrocytes

RESULTS

1. Penetration of TPD or Thiamine into Eryithrocytes

4x107% pmoles of TPD (equivalent to 13.5 ug thiamine-HCl) or thiamine was
added to the erythrocytes. After 30, 60 minutes and 24 hours, the amount transfered
into the erythrocytes was determined with the results given in Fig. 2. In the
erythrocytes, to which TPD had been added, 80% of it was already found after
30 minutes, and the level was kept practically unchanged for 24 hours, whereas
little was found in the cells after thiamine addition and as low as 13% was
detected in the cells even after 24 hours.

2. Determination of Thiothiamine by Oxidation with Hydrogen Peroxide

Thiothiamine can be determined by benzoyl peroxide method, but when the
method was applied to the sample containing blood, the recovery was found to
be reduced. The well-known fact that thiothiamine is quantatively oxidized to
thiamine by H;O; was therefore applied to its determination in the blood. To 1
to 4x107% pmoles of thiothiamine (equivalent to 3.37 to 13.5 ug of thiamine-HCI)
five drops of 30 % hydrogen peroxide were added and the whole was kept at 50°
for 5 minutes. After cooling, it was treated with permutit, followed by thiamine
determination by the BrCN-thiochrome method. In all the cases, thiamine formed
was 96—99%. The amount of thiothiamine added to blood was recovered satisfac-
torily as shown in Table I. However, without permutit treatment, no fluorescence
appeared, possibly due to the inhibition of thiochrome formation by the excess
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Fie. 2 Amount of TPD or Thiamine Penetrated into Erythrocytes
The amounts equivalent to 13.5 ug ‘thiamine-HCl were added.
Erythrocytes, 4 ml, incubated at 37°

®, TPD; X, thiamine

TasLE 1
Ozxidation of Thiothiamine Added to Erythrocytes by Hydrogen Peroxide

Thi(;thigmine H204 ’Iégégg;gie Recoverye

ng g
6.6 + 7.8 6.2 (94)®

Sample B 8.2
p 133 + 149 13.3 (100)

— 4.2

Blank 0 i ig

@ Recovery = (sample — blank) x 099 (0.99 pg of thiothiamine-HCI is equivalent to
1 g of thiamine-HCI)
b Percentage of recovery

peroxide.
8. Penetration of Thiothiamine into Erythrocytes
4%x1072 pmoles of thiothiamine was added to erythrocytes and the amount
penetrated into the erythrocytes was determined after 30, 60, 90 and 120 minutes.
As can be seen from Fig. 3, the amount of thiothiamine in the cells was roughly
the same as that in the supernatant after 60 minutes. This level remained almost
unchanged even for 120 minutes.
4. Washing the Erythrocytes Added with Thiothiamine, TPD or Thiamine
The erythrocytes, to which 4x107% pmoles sach of thiothiamine, TPD or
thiamine had been added, were washed as shown in Fig. 1 and the amount of
thiamine in the washing 1, 2 and 3, the erythrocytes and the supernatant were
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Fre. 3 Amounts of Thiothiamine Penetrated into Erythrocytes
The amounts equivalent to 135 pg thiamine-HCl were added.
Erythrocytes 4 ml, incubated at 37°.

—, in erythrocytes; ---, in medium.

determined.

Much thiothiamine was detected in the washings and the amount markedly
increased after incubation of the cells for 30 minutes in a saline solution. However,
from the erythrocytes to which thiamine or TPD had been added, very little of
it was washed out even after incubation at 37° for 30 minutes. In the experiment,
in which 2x10™' ugmoles of TPD (eqgivalent to 67.4 ug thiamine-HCl) had been
added, 58 pg thiamine was detected in the cells, but the amount in the washings
was as low as 0.5 ug.

"TaBre I

Amounts of Thiamine Washed out of Erythrocytes
Thiamine derivatives equivalent to 13.5 pg thiamine-HCl were added

Supernatant Washing No.1 Washing No.2 Washing No.3 Erythrocytes

o 45 16 13 1.0 48
Thiothiamine (45) (2.2) (0.8) (1.3) (3.4)
16 0.2 02 0.1 11.3

TPD (L6) (0.2) 0.2) 0.1) (116)
. 115 0.4 04 0.1 12
Thiamine (117) (05)- 0.2) 0.1) (V%)

@ The amounts determined after incubation at 37° for 30 minutes, followed by

centrifugation.

5. Forms of the Thiamine Present in the Erythrocytes

The erythrocyte suspension incubated with thiothiamirne, TPD or thiamine at
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37° for 60 minutes was centrifuged. The cells were washed with a saline solution,
followed by hemolysis. After depreteinization, the supernatant obtained by cen-
trifugation was subjected to paper chromatography using Toyo Filter Paper No. 50
and developed with a solvent system, acetic acid-n-butanol-water (1: 4: 5), over-
night. Alkaline ferricyanide solution or the Dragendorff reagent was used to visua-
lize the spot (Fig.4). From the erythrocytes, to which TPD had been added, the
spot corresponding to thiamine was found but that corresponding to TPD was not

s |_o© |
Thiamine:
E | o |
S L o |
TPD
E | o ]
s [ o |
Thiothiamine )
E | =N |
| T P S R 1
Re 0 0.5 1

Fia. 4  Identification of the Form of Thiamine Derivatives
Present in Erythrocytes by Paper Chromatography

Solvent system, acetic acid-z-butanol-water (1:4:5). S, standard;
E, in erythrocytes.

detected with the Dragendorff reagent. From the erythrocytes to which thio-
thiamine had been added, two spots were found at Rr 4.3 and 0.63, the former
being fainter than the latter. Re 0.63 compound seemed to be thiothiamine (Rr
0.73). For confirmation the following experiment was performed. The filter paper
was cut into 10 equal portions; each was extracted with 0.01 M HCI; after addi-
tion of 0.2 ml of 5% benzoyl peroxide solution, the mixture was made strongly
alkaline by adding 3 ml of 30% sodium hydroxide; following extraction with
isobutanol, the fluorescence was determined. In the fraction 7 corresponding to
Ry 0.63 showed the most intensive fluorescence and the fraction 5 corresponding to
Ry 0.43 showed the fluorescence as low as 6% of that of the fraction 7. As
benzoyl peroxide specifically turns thiothiamine into thiochrome, the spot Ry 0.63
is due to thiothiamine, and the spot Ry 0.43 seems to be due to the thiamine pro-
duced by oxidation of thiothiamine during development or other contaminant,

DISCUSSION

The reason of easy penetration of TPD or other asymmetrical thiamine disulfides
into erythrocytes is ascribed to its great affinity to stroma containing much lipids,
to which TPD has greater affinity than thiamine. But no marked differences in
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the combination of TPD or thiamine with stroma was found in the reaction of
stroma and TPD (6). TPD is easily reduced to thiamine by SH-compounds and
the penetration of TPD into erythrocytes is assumed to be due to its reduction to
thiamine, which takes place during the combination with stroma or during the
passage through stroma and the thiamine, once produced, cannot permeate the cell
membrane and remains included in the cells. Thiothiamine like TPD is more fat-
soluble than thiamine and readily penetrates the cells, but, differing from TPD, it
remains in the cells as thiothiamine and by shaking the cells with a physiological
saline solution without hemolysis, it is washed out of the cells. But in the case
of TPD, thiamine cannot be washed out by shaking with a saline solution. If
TPD were present per se in the cells, it should be washed out of the cells. The
finding can easily be explained if we assume that the TPD in the cells has been
entirely reduced to thiamine. Thiamine in the cells could be detected by paper
chromatography of the hemolyzed solution, but TPD is partially reduced to thiamine
" during hemolysis. Therefore it cannot be the proof of the existence of thiamine
in the cells. The experiments using TPD-S% (7) demonstrated the presence of
thiamine in the cells and that of propyl-S* in the plasma so that it is certain that
the vitamin exists in the cells as thiamine but not as TPD. According to the
authors’ experiments, the thiamine level in erythrocytes remained unchanged for
24 hours. There is scarcely any possibility of washing the thiamine out of the
cells unless the cells are destroyed.

The penetration into erythrocytes causes thus the inclusion of thiamine into
the cells, the majority being in the free form. It can hardly be believed that
thiamine exists in a state beneficial for utilization.

Among the enzyme systems in erythrocytes transketolase is said to react sensi-
tively to the deficiency of thiamine. In order to emphasize the good penetration
into erythrocytes to be the benefit of the asymmetrical thiamine disulfides, the
transketolase activity after penetration of much thiamine into erythrocytes should
be investigated.

SUMMARY

1. When thiamine propyl disulfide (TPD) is added to erythrocyte suspension,
much of it penetrates into the cells and thiamine level remain unchanged for 24
hours. Thiothiamine penetrates also into the cells under the same condition but
not complete, the ratio of thiothiamine in the cells to that in plasma being roughly
1:1.

2. When the erythrocytes after above treatment were washed with a saline
solution, thiothiamine was washed out but TPD could hardly be washed out of
the cells.

3. Thiothiamine exists per se in erythrocytes but TPD does not. It is present
as thiamine after reduction in the cells and it cannot be washed out with a saline
solution.
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PENETRATION OF MODIFIED THIAMINE COMPOUNDS
INTO ERYTHROCYTES

(I COMPARISON OF THIAMINE PROPYLDISULFIDE
AND DICARBETHOXYTHIAMINE

Chikataro KawasaAkl and Sumio SHINODA

School of Pharmacy, Osaka University, Toyonaka

Thiamine propyl disulfide (TPD) or dicarbethoxythiamine (DCET) can penetrate into
bovine erythrocytes either in whole blood or in suspension of erythrocytes in Krebs-Ringer
phosphate buffer ; TPD, when added to a suspension of erythrocytes, was quickly and
completely absorbed by the erythrocytes but DCET was only partly. and gradually absorbed
by them. When applied to whole blood, TPD was incompletely absorbed by erythrocytes,
while DCET was absorbed by them to nearly the same percentage as in the case of a
suspension. DCET in erythrocytes was washed out by repeated shaking with saline solutions,
wherea$ no washing out of the erythrocytes which contained TPD, by saline was observed.
DCET is rather stable either in erythrocytes or in serum ; slow reduction of DCET to thiamine
was demonstrated by both paper partition chromatography and microbiologiaal assay using
Kloeckera apiculata. TPD was quickly reduced to thiamine both by serum and by hemolyzed
erythrocytes. The difference between TPD and DCET in their stability in blood systems is

partly responsible for easy or slow penetration into erythrocytes.

BRI By CTPD*¥V o kg7 2 SBi*2 & i
LCHI% L7228 TPD o fiBkESftEn — 8@/ » LTl
BRANCHIT L2 EABICBUCETL NS 2 & 3355
L7z, CAT*D 33 fthod BiZFEMIZ lb~<Buz 2 iz
{EWMIRPNIZ CAT O FERTEH S Tw3%2, CAT
BIIRA T CAT 0 F I FETLLEI BN SN
b TPD o mEkFE1T L B 07 EL =T Th A3 2
ERTREIND, CAT @ 5 1 b DCET* 5801l
BEEITHIC oW TPD & KR E L 720 CH%+
5,

£ B F B
1) ERLAnE ’

&7 4 7V v Ure v ¥ g % 3,000¢pm, 1053f5a0t:
U ik % %83 KRP*S G2 g% L %05 & 3,000
7pm, 105FEIE L B 7z Bk KRP% fi 2 ¢ B
EEREO MR L L 7=,

(2) mEBITEORIE

IR F 72344 ml 12 BigEsR 1 ml #0032
37°CT—ERPRIRLE 8.000rpm, 5 4FEREPE L Mz
& FEENC A ERERE AT AR 3ml Tz
Ve LUER® EIERC A L Co S 0BER T 0 o7,

(@) MERERE10% 2 5V ¥ BRYSHE 20ml % fn 2ok
J:ISAFa'i;‘ﬁ‘z%Lf DbHeES0ml & LTS LEED
—EEFRIEE Uiz,

(b EEENI10% 2 7 U v EBYHE Sml % R AS

*1 TPD=Thiamine propyldisulfide *2 SP;=Thiothiamine * CAT = Carbalkoxythiamine
*» DCET =0,5-Dicarbethoxythiamine *» KRP=Krebs+Ringer phosphate buffer
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ISR L0 b2 E 25ml 2 LTI TAND S
EH I BBEREO —EE RIS L7,

I R - M % 9% BICN 4L U T ThiazoleZ
Bi (OCET* 3 &) k&L, 351 TPDO L &1k
Y R5 4 vHE, DCET o & 2 id 7 L VA &
757> Tn b BICN 2 & 0 #Bi¥ 72 b Thiazole £
Bt + Thiol#IB; (TPD& %\~1x DCET, CET*7) PERE
UBiEERE & U CRL 72

3 DCETa’sJ:UfTPD;'ﬁT??JﬂmE*O%E#%TQ'{’E

V¥ L 7218k 2 m! 1 2DCET, TPD#EL37C, 15
SRR SEL L T EE @S 1) & Bk, 2o
MERCATAYEK 5 ml % YRATL 7278 bIcEh T 28
Ve 2 AT AVEL BB ESIE SV E Lz, &
bz Bk A Atk 5 ml 27N L37°C, 1054RIRH
BT BHME R 2 AT HEYESNE XUV L
LRI Bk % B U CE A VI 2 4872,

(4) Kloeckera apiculata IZ X3BDEE

JiF 5PN FEIZ & o7z,

ESN I S

(). TPD, DCET D51 % fo(d mnBRiF
BICBOTOMMRBITEDLE

T 513 TPDO MEREAT B3 L & INERIEERE &
THB VRS EFREL B0 TE TAMmID
WIS L7z FBLCFEL 2R TAeMm E 72k mBkE
ez TPD, DCET 0.2p e L 25MmL37°C, 1 AR
s P - MBREOIRBIE % Bl L 72, DCETi134
11 & (BRI = C MERFEAT B0 ERTAD bR AMD

%=1 TPD Bt DCET 041 F i3 mEk
IR BV B MIERBITEO R

DCET (ug) _ TPD(ug)
MERER | LS | B | LvEEm
S i k . 28.6 32.7 31.6 34.9

42y | (9 | (an | D
s 278 | 321 | 631 47
MBI | g1y | @we) | o) | ™

TPD, DCET 0.2¢% A (67.4ug Bi-HClig 24 5)
A E o MERFFER  4ml

&8 smil, 37°C, 1KEHER
B-HCHEM&Z & LTRL () RRREMEE 21

FTHEGH

72. L# UTPD W3 fEREEIE ClayR N 93 %23 1
BRIZHAT L 22 BN Tl MBS T B0 i U g sl &

ERENITIT L . 1OKTHEEL -,
(2) TPD, DCET HhsomiE X /3B M
MEREIC & BB M ED S
D m &

(142 5 3 TPD & DCETR REEE D MIE O
WCEBbDLBEZLNDG, ME2m icKRP2mi B X
UTPD % 7213DCET 0212 € L 3 12 4B 5ml LT
37°C, 1RHHERIRL, DUT RESBOERBRITEDT
F7V—NEBOERER{TE 07 (FE2). DCETH L
38 %DF T/ —NE B B She T E¥aho

%2 TPD, DCET» b MIEC & % Btk

BiERkE (ng) | Bk (%)
DCET = 5.1% 8.
TPD 61.1 91
- * OCET%&ts

TPD, DCET 0.2u% A (67.4ug, Bi-HCIHE34E)
& 2mi, £& Sml
M7, 37°C, 1 FsREIERE

7208 TPD 1391 % A BUBIG S U7z, Br2s I 3%
THEPREZCIEGANOEETH VEELLTT
WEHELY, L7=A2oT oLl -l
7= TPD o —E3 m¥Ez X W Buz SR 3 1L % 72 Mk
BRI S IR T ER D BB LI 5N 5,
2) BmmBE

e L zmpRick e Mz URmE SRR E L, &
B EEREEE L CH L & ¥ 728 4 ml 1= TPD, DCET
» 020 F L H68, £&10ml & UCST°CTRIE.
LT isREBre B o CF 7V — VBB E 2
BL7: (K1), TPD B&EAIOHEE CHE2T TV —
AMNIBUZBITLEN THE Y I BTV AT 4 VT
ST HBEFREIHE X 2 pD72. DCETH b IR ¢
F 7Y A EBdh T L RIS NTT A VAL
@Tmﬁﬁﬁ%%k%MLMETm%wiiw%Tm
ROEBOTND I ERDhhOT,

@) MBBFTERICIOT IHELITR
EDRE

1 eEoE

*6) QCET = O-Carbethoxythiamine *?CET = S-Carbethoxythiamine
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K1 ¥EmERE: X 2 TPD, DCET 2 & OB

100 ¢ r F
"TPD
By
£
B
23
@) 50 DCET
0 o 120 240
RERESE ()
TPD, DCET 0.2 % & (67.4ug Bi-HCUE Y8
BRI MERH 4ml, & 10ml pH6.8, 37°CHEE
K2 mEBTECCT 3REHOEE
60 ’
ool
In
LU
3
T 40
S,
RN
i
a
% 20}
H
2=

))
[y

1 L) L
60 1200 280
mERE

DCET, TPD 0.2u% » (67.4pg Bi-HCl #H%48)
SR Aml L Sml STCRAE

RV % A\ CTPD, DCET o mEREAT B % %
BRI 3<% L X 21277 & 512 TPD 1k 155D
TAE (021 V) D85% % sz AT L BIBSZE L 2

TPD & DCET T4 g 257

#7223, DCET 344ke L:C TPD k) mBkis(TH. .
B IR & & DIRATERL 2.
2 mEORE . T
MERYEEARE 3 miy2 TPD, DCET 0.2 \ %11 Z KRP
TeER 4 ~20ml kL 37°CT 1 RRRHRIE L kg,
TEZHE L7, 72770 2 0Bl BRI G
DMED3/ADWERE LD TLEAmL O & 5D &
DMK & AR VAR 20ml O L X3 b LD MK
DS HRE NIz, BTR L7 & 5w TPD 3

M3 MEEATEC T S REORE |

N
<

— L

TPD

(L BLE)
' S
fe

IR 5 & (wg Bi-H
RIS
< :

0 L L L

4 12 20

" DCET, TPD 0.2u% A (67.4pg B-HCl ~ ml
MR MEREHER Sml, KRP 0<16ml, '
48 4~20ml, 37°C, 1BMRE :

B REEIRIC 0 MERATR £ L 725, DCETi3
W & MBRREAT R RO L 207z,

@ DCET FinmzkdOPPC*

TPD %50 L 72 EROPPC i TPD 3 &3 M -
INTROBBHRIEING Z 2139 TS HE LD,
¥l BRI 4 mbz DCET 1 ng (BUiRREEA &) 2 5
L3TCCRRH 02 NIERR - =% J— L CHH L &8
#20ml & LCZ 0 Lml 2182 cud BRIz o, EHER.
en=7% 7= -7k(1 : 4 : 5) TR HIRHEIRL
OTEIM S m] YER D Dragendorff K F 71377 M
- TN VK TEME Y S LB, OCET, DCET: 72

*8) PPC=Paper partition chromatography
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FCET Y § 3 ERT 26535 b 793 DCET &
CETWERIENFD T CET 38 S0 Pifitk & LTT
T BRENE T OPPCH BRI TH O, %2
TEDORKELE 185 RI0.1~023 ; B), HF2@H
4 (RE0.23~0.5 ; OCET)), & 3m 4> (RF0O5~1.0 ;

CET$ X UDCFTI2 40 0.1 NUGER CHiHL Ui D
—EHE TN VAEEBIRIREL, IHIZEIES
DIHED —& % Kl. apiculata T k BHEMEEILT
CET ¢ DCETO 43I 247772, CET & DCETW
KL apiculata ) BTEITEN - B2 26035 DOV 2 038
ZHIAL CCET X DCETOARERTEETH S, &
SR L 72 & ICE 3BHD27T~42 %28 CET & LT

3 IAERHHEC X BDCET o S5EE

Riiz x |0-10~0.2370.23~0.50 0.50~1.00
Z ﬁ(ﬁ (B (OCET) |{(CET} X UDCET)
(ug) (ug) (rg)
604348 1.5 5.1 17.2(4.1)*
12045344 46 7.9 12.1(5.1)*

B-HCIHME » LTRL, ( Y NuftEyes
Hr x5 CETE, X LEEREORIER> XD
WBD THot, B 0.15,0CET : 0.29,CET : 0.68,
DCET : 0.75

B ERT, DLEO T &5 bR X 512 DCETH b
Bi~oHfHEM#: CET, OCET v h d#HSh
7z,

(5) TPD, DCETH MmOk SRE

AISHY © SBuot Bk SBIOTE CREZE L, -+ 03
DD 2 1 IEEEA S CAT Ak iR HL LB
TERWE L, @B XUUWTHERL L 512 DCETix
MERA G0 DCETO S CEZET %2 b SBr & ke
AR CURCH L85 & BbN 5, HERER)
PR MBRES 21T 3R 4 OFER S 872, EH I,

I, MTHERMZEBDO T 720D B2 ZBREINS
»5ELsN, VB IZbo s & BRIz A
DTHhLEET I VL7230 TH %, DCETDR
HOESVCEHL L ZRHEOENAALAN, Vi
B LB LERD124% L 507, BLEHITAD
HEREBICMIRCE D TN DIEEA ERTFT V/—
NEIB Ik 22D T7z, —75 TPD % ¥R AL 72 & Ei33i
WERCTHE 272 B b anhor.

xR

BiShishon MERIE B 8 3 7o e B
P— & DT B A MBRA TBICEL S 1 B & Bk
BErHmATETHHRMCECIDbNE I LA S,
TPD & DCET i3 %0 MEEATHEO R AR E R
CRBD SN BBOEREOHS L BREH B X
31282 %. DCETo MBS 1 FOLETH Y
BRSO MRES FARRAEC B 5 L2 TEED
DERFFER LSS, 720 bDCET & mERHMT
% & MERAADIRED IS U CHERC AT L B~ D5
BT OV X Y MBRADEERIN B & 372720
BEPFE L TN TRE L, I 7230 REMRET
% ¥ 3R TBUC AR & W 5 720 IBRAC A b RN
VIR & & DI mERFT & 339, TPD 1k DCET
FREUT BB & b BRI A D B2z BusBIL
htmsERMcHE S s < 7% b Bk L 3%k ?6%
ZBNBR, MERPNC & D2 3N BEERRA P D
MEREE E TPD F& N B mMREZFBED & &
DisulfideE & 238N Bi128 & b Z ¥ f Propylmercaptan ¥
7 EOEME BT 5 2 E RMERFTORT & b %
% BUDCETIZ e T & R TPDOMERE v 5
TERTES, '

%4 TPD, DCET FMmERO Ui 8k

kB ® e & B Bk
w5 I . 7t vV 5 Vi
566  102. 18 68.6 98 26 124 - 19.0
DCET S oaze* A3 0D (145) @4 (05) @29 (18:3)
TPD - 45 1.6 1.2 . 7.3 0.3 03 . 0.6 92.1
4o (a5 12 ®7 04 (02 0.6 (92:3)

ming 05px®n (169xg Br-HCIHEYE)

BAfL: % :
* ( YWz Thiazole BB &
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TPD & DCET @ ¥ ¥ &1 § 71 MBERZERIZ B\
TOMEREATIE 2 B U mEOMc B2 2 8 Rt
7z,

(1) BRI 2 & O M ERFET R DCETIZ BT
ERERE, BECEBINGR, TPD Cidzhb
CEBR—EO MERBITRE R R,

(2) £t TPD ZMmMEREEIRIZ BT % & DR
IMBRFEITE 2R L7228, DCET 1 mBkgiag & Mo
MIRETE R L7,

(3) TPDx M{EH & FMPBRT LI BUIBEL S
n32, DCETRRLHETCB~ER LR Bindk
BRMERDOT,

(4} DCET &HimL 7-1mBR% 4 A 3K TS &
DCET owRtiinA b z25, TPD #EmL 7235w
WHHIEEAEBZ S aho7:,

TPD ¢ DCETOMmATRATH S 259

DLED Z & 2 bDCET o iSRS AT M BERE 22 9K B2
YTBdDEEZLNEN, TPD ik 72AIEE7ZT T
% ¢ BUCEBTEE NG BT E N Bt BKE 2 58 L
B REREL T3 B2 %, BDCETo mEk
2 k 54EsEY & U CCET, OCETH L UBi1% PPC B
T U kD L7,

(B39.2.22. )

3C i3

1D Jilig « B - : € 3 28,310(1963)
2) KPS BRE B vy 3 26,222(1962)
3 pljA - FRE v Y v 25,472(1962)
4 JIEg - R - B vy 3 v 22,397(1961)
5) K& - 885 I Vitaminol. 1,85(1955)

6) JHligs - FfE - BAR v ¥ 3 v 28,295(1963)
T JIE - fEH v ¥ 3 28,299(1963)
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. (I) Hydroxyethylthiamineds & 8 2 @ B # LA DO TE M

RIS HE
JWE AT ER « AT K 48 HE - 8 H 5B

Vitamins (Japan) 35, (2), 140-145 -(1967)
STUDIES ON HYDROXYETHYL-2'-THIAMINE

(D THE ACTIVITIES OF HYDROXYETHYL-2-THIAMINE AND
ITS RELATED COMPOUNDS ON MICROORGANISMS

- Chikataro Kawasaxki, Takeo Kistl and Sumio SHiNoDA

Faculty of Pharmaceutical Sciences, Osaka University, Toyonaka

Hydroxyethylthiamine (HET) and its related compounds showed the following activities
on thiamine-requiring microorganisms for the growth. (1) HET, hydroxypropylthiamine (HPT)
and hydroxyisobutylthiamine (HIBT) stimulated the growth of Lactobacillus fermenti at the
same rate as thiamine, but the O-acylated compounds of HET, HPT and HIBT showed
lower activities than thiamine. (2) HET, HPT and their O-acylated compounds stimulated the
growth of Kloeckera apiculata at the same rate with thiamine, but HIBT and its O-acylated
compounds showed lower activities than thiamine. (3) The growth . stimulating activities of D-
and 1L~-HET on L. fermenti and Kl. apiculata were almost same as thiamine, but the acti-
vity of p-HET was a little higher than rL-HET. (4) Kl apiculata and Saccharomyces carls-
bergensis, grown in the broth containing HET, accumulated thiamine and HET per se in
cells. HET, HPT and HIBT proved. to be inhibitory to the growth of Sacch. carlsbergensis to
* the same extent as thiamine, but the O-acylated compounds of HET, HPT and HIBT sho-
wed lower inhibition than thiamine. The growth inhibitions by HET, HPT and HIBT were
reversed by the addition of pyridoxine.

Breslow OV LISE HET-PP*D 3 ¥ ¥ U BBODBL L. fermenti 36 (IFO 3071), Kl. apiculata (IFO

REERICBY 2Bi0EEREGE UCTER & h, BR
REANTOE  DERICE D ENEE ST 3EER
Boh T3, HET* 3 BB HERES Lactobaci—
llus fermenti 38 X T L. viridescensiC 1zt > L TBiD
80% DWEMA D L & bt Krampita? 1T & O & S,
N ESIHo-BLUL-HETD L. fermenti IC124>3 5
EHEEICDLTIE LT3, 4F HET L0208
ELEMOBERORMERT -0 TELN S OMAEYE
HERE Uz '

EB B L OoRE
O EEEE S

0630), Sacch. carlsbergensis (IFO 0565)

@ HomEsE A
1168 5 DIEEODNT L F2 A3 B U o SRR 2 ml
R I A SR 4Aml & L EREE 0 &
Wk | WA, Bt B SRR E A AT 610mp
B BWEERIE L F.

3 =i

HEULAY OB R R — TR U 725MEA Y T ~
VIZRERFRTEL D, WELUKIILZAEEL Y
BEE SN b DERANT. TR S BER R KR
UTEEIRE Uiz, 7B FORB T A HET &

U b DLk EERT 3,

*1) HET-PP = a-Hydroxyethyl-2/-thiamine pyrophosphate
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HxC Y NH, H CO -R' X ’
\I (1) L. fermenti [21-( 9 5351
CH - ’
]'g BiZEsRYESLEERE L. fermentdl 723> L Ti37°C, 208%
CH CH.CH,0-R! RORET RI-ADRKBEEB. HET dBi&id %
5 2 2 LoEsERL, AHET BLU AHIBT 0k 575 O-
R R/ 7 e F VR Bk DIEDERER U .
1| HET* -CHj, -H (2 Kl apiculatalZ]-\ ¥ 535
M| AHET*. | -CH, -COCH;
W | PHET*® -CH, -COC,Hs BiEREB: Kl apiculatal 720> UTRKI-BO I
IV | HPT* -CH,CH; -H & {HIBT@ZBik D iEHAES, HETBLUZ0DT «
V | AHPT*® -CH,CH3 ~COCHj3 F VR B & RS OEER L.
VI | HIBT*D -CH(CH3); | -H ‘ ) Suech 1sh . "
VI | AHIBT*® -CH(CHp), | -COCH, 4 3 acch. carlsbergensis(C1-2( 9 B HE
Wi | L-HET B
X | o-HET Sacch. carlsbergensis \ZBIC X 0 BFEMHE X1,
Fig. 1 The growth stimulating activities of HET and its related compounds
on L. fermenti (&) and Kl. apiculata (B)
oD (A) . oD (B)

0.8

0.6

0.4

0.2¢

10—11 10—10 10—

o TR 107" 107" 107° 10
mole/tube . mole/tube
O Thiamine . A AHET O HIBT
: HET & AHIBT

*2) HET = a-Hydroxyethyl-2'-thiamine *#3) AHET = O-Acetyl-a-hydroxyethyl-2'-thiamine

*4) PHET = O-Propionyl-e-hydroxyethyl-2/-thiamine =~ *% MPT =a-Hydroxypropyl-2'-thiamine
*6) AHPT =O-Acetyl-a-hydroxypropyl-2'~thiamine *7) HIBT = a-Hydroxyisobutyl-2'-thiamine
*8) AHIBT = O-Acetyl-a-hydroxyisobutyl-2/~thiamine



JBSEAER « ARECHHTE - BEEMS o142

BDIRIICE OHENEE S BMETSH 5. KBS
724> UT HET (3B 2 A5 ORPEEEIERER Ui
25, AHET(3Bk 0 HEEELEAD O PE S, AHPT

Fig. 2 The inhibitory effect of HET and its
related compounds on the growth of
Sacch. carlsbergensis

) N A A
__“ — . )
0 1071 1071 10~ ° 1078
mole/tube

© Thiamine
@ HET

& AHET

® AHPT

Table 1 The microbiological activities of HET
and its related compounds

Ratio of growth | Ratio of growth
stimulation® inhibition*® T
L. Kl. Sacch.
fermenti | apiculata | carlsbergensis
Thiamine 1 1 1
HET 1.11 1.25 1
AHET 0.17 091 0.18
HPET 0.13 1 0.13
HPT 1.11 091 1
AHPT 0.08 1 g O**
HIBT 1.11 0.09 1
AHIBT 1.02 0.23 0**

* Ratio= (Dose of thiamine at 50% stimulation
or inhibition)/ (Dose of HET and its related
compounds at 50% stimulation or inhibition)

** Growth-stimulating at higher concentraton

Fig. 3 The effect of pyridoxine on reversal of
the growth inhibition by HET and its
related compounds

op
1.0p

Pyridoxine mug

© Thiamine @ HPT

® HET - a HIBT

Wit F 0% BRI O (®2),
FEfEc LTl R 3 BOBEIC 723 B ke ho{te
B ONT B ZFORFRELZT LD TR LICE L.
Sacch. carlsbergensis (T2 > LT i%ﬁﬁl‘ﬂ%%ﬁ{ L7z
HET, HPT, HIBTE LU Bi1076 £ vA& 1 rEEHIT Bs
ZEIMUEEET 3 & LIN S B & Y HEOEIESA
Sh7-(3). :

@ p-BIUL-HETOEM

JeEzpERED p-B L L-HET @ L. fermentt B LU
Kl. apiculatalC 7239 BEHELORBEM4 DL S
KRBT LT o-HET OhAPPE0EEER L
7.

(5) HETODKL apiculata(Z & 3E85
CICBAOE(L

HET %7212 B1 1.5 x.108~1076€ v x-& L e 5% 60ml
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:Fig. 4 The growth stimulating -activities of :o~, L~ and prL~-HET on L. fermenti (a)
and Kl. apiculata (B)
op (A op (B
1.0p
0.8
0.6+
0.4}
0.2¢
0 ‘ 0.05 0.1 0 0.05 0.1
HgEq/tube #gEq /tube
© Thiamine A p»-HET '
@ DL -HET 4 L-HET

Kl. apiculate 5558 | 30°C, 20855z UNERE A8
EREAREL U TEY, FEAEKT2 BERL, D
EDXHIC LU TCHET S 3B FAE L .

EBRZ 0T IHREL U, BikiZ 0.1N H,S0, T
03BBSR Lo b 0%k e Uiz, BHRKO—E
BIC1 %% ho7 2% —+¥ B 1 mbainzas, 50°C
T2 BRI FEES BICN-The*? /23 7.2 Y v 70—
Thefhic X b Big/eid HET %8E L/, HETZ >
=V o7 e KIS LT The 24583 205 BCN &
DOEGTE The A EURWOTI = Vo7 vEIck 3
7 & BrONIC & 2 IO 2% ROIUTHETE%
HBLEMTEZID, LpLBIE 7 = Yy 7 LihD
KISTIE The OERZEL BICN O d0HIC .6k
{9, HET 5.0 TheAREE—H UISN T EMER
OTHET, BIOSHIIC 1ol F B IRINEI R 15
DBEEEARE L (E2).

BEEMUTEE L& & HET o&REED O h
D7 A HET 23N U THE U & & BEHHIcER

Table 2 The accumulation of HET and its con-
version to thiamine by K. epiculaia

Dose of sample | Growth Accumulation (mpgmole)
(mpmole) (O.D.) |Thiamine| HET | Total

" Thiamine 15 0.81 15 0 15
150 0.80 ‘148 0 148

1500 081 636 0 636

HET 15 0.81 11 3 14
150 0.81 90 65 155

1500 0.82 231 495 726

#9550 9NT HET THOWKICER Shd
DU—HBIC Y, B HETOF $#4E L TLIx.
X 5 B AR O B A HENo. 50/ D1 0.1NHCI -
rFLvyFVa—wen-F&/—w(1l:1:4)TRE
BAL, L. fermentilC X % Bioautography {773 D7c &
ZABiB LUHETARH S iz,

*2) The= Thiechrome
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(6) Sacch. carlsbergensis =& 2 HET
@%ETJB CICBIADZE(L

Bi/ziZHET 15X 10720 7212 1.5 % 1076 0%
ELEH60ml (B2 T Sacch. carlsher gensis A-45T
U30°C, 20BffHR & HRAE T Dk, HOMMES
Bl Ut bisek UTEA D, U6 KL apicu-
lata DIEH VI E U THEB LO LBOBE f_ FHET
BEARELI(E3),

Table 3 The accumulation of HET and its con-
vertion to thiamine by Sacch. carisber gensis

Dose- of sample | Growth Accumulation (mgmole)
(memole) | (OD) Thiamine[ HET [ Total
Thiamine 150 | 0.80 | 150 ’ 0 150
1500 | 078 | 48 | 0 480

HET 150 | 079 - 150
1500 | 081 | 103 285 | 388

None 1.42 8 0 8

TRINU 72 Brg 721 HET (33088 % ATV 72 e
BTI1078F 201 1077 € 1 /tubelc 24 U-+4375 B45EHE
BERERTETE 3. BE SERETROLOTHE
| O B O BRI B I H B &
UL ESDRESA SN, TIMUZ 3803 1.5
X 10772V TREWHEEEKIL, F1.5X 10820 T3
#930% 18 BACERINTH 0, BIRIENCI: HET
KRR A & NS DT SHETIRINBHCIZ KL, apiculate
DIFDH &R 0 DBIH HET O % 3 THKIC
EREIN T

£ 5

HET & kU < OB LA HOMEYIER T BI5T
BLR1DXHICI55, L. femwnﬁ B LU Sacch.
carlsber gensisiC 12433 3 VEFNC I3 B RE G0 & 5
DRI -C;HOHDOH s = 2 7 vl ST
HET, HPT 34U HIBT BEEICZIOUTBiIE 3T
BLLERER LD, Zho 07 vivkizndhd
Bidk 0IRANER LRI 18Dz,

Ki. apiculata \720> UTIR HET, HPT 31 U%hH
5 DO-7 v KR BUCE LOFIRER Licds, HIBT
BXUZDO0-7 v F VEII Bk DEIEME L KL api-
culata }T72O LT OH #ps= 2 5 v ALE R Tl B
BB TEEICEE L DNk,

A5 DRRBAOBFERIKIT X 0B WD
HREIZF—HITBEH0TH 5, UL LIEEORSE
RIIBICEIR UTBEI R AR U, 272 0 BUCER LIC
SOFBEET b 20RO BA T D7 O BICIT Btk
KHETEHDIRIITBUC 75D TW7ehs, HET %
WU T Sacch. carlsbergensisy XU Kl. epiculata %
BEUEE, HIRVDED HET M, S HRH S
ni.

EELIMOERTABLY vy v %X i HET %
BE L& &M 0O HET R Ptz h 3 2 &
ZEBHW, HETEBRZDOY r X BXU v
U T VICI UCBE S ORENEETTC & 2%
EHEINTHLEY, ZDXS5ic HET HBuciE iz L
I bprb 53 Biré MEOE RS R EER HET
TE Y CBMEINTEERCEAND N3 HEEESR

CBTEEDOTHESS. ULk UBRHIEIEEOSNEIC S

EOBZE U bR S T THEIRZ L ENTE
BB U3 DT Sacch. carlsbergensis 3 X8 KI.
apiculate QBB LRHIN I HET R RBiE B X
IR HE L2 b DTH 5 5.
Krampitz 5 2{3pL-HETHIL. fermenti 1C721> L TB:
DRIB0% DIEHEZRT T &5 o DI N — 5 DI
YEESBRIRERTOTHS S EHRL TSN, &
%D DRBTIRPRoEOHHEEIER U hindk
EDERDE VDN, ABBERENESICED
THHE INTHEY, DRSNS ZOF EDBETREE
FRICHANGN B ETZC LT hd OERL
LREINBLAICES L

Hh

HET B XU ZDEELEMO MEwiEtEs B~
¥ DOHREEI.

{1} HET, HPT} kU HIBTZ Bkt 1L igR L.
fermenti \TI2O UTBIE ASOEMESER Uich, 21
5 DO-7 L VIV T S Bik b IEHEAE Dz,

(2) HET, HPT BXUZ1 5 DO-7 ¥ kI BiE
REEBRREKL. apiculete T2 UTBi & [HEDERZ T
U7eSHIBTB X2 DO-7 2 F VEDEHR BIL b
HiEM DI,

(8) HET, HPT B X HIBT |3 Buc & b HE5ErH=E
%20 ZWERE Sacch. carlsbergensis T 12> UCBi1E R
FOMHENRER U Tho D O-7 vk JHE
HBik 0 ishD/e, HET, HPTE XUHIBTIC X 5
A EE B RMCEE L,

B
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4) p-BXUL-HET® L. fermentilz X Kl. api—
culate W I3 BIEHIIBUCIZIZE U DI MSEiE O
TP EOETEER U,

{5) HETZWMUL THEE LU/ Kl apiculete BLY
Sacch. carlsbergensis DD S BIDIINCHETH S
MREHI N

BoesBeRitsn - RERETEKKr bor
ZABEKKCBHL 7. k3ERE0EFIE
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