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Purification and Enzymological Properties of the Bacterial

Thiaminase I Produced by a Strain Isolated from Soil
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F#7 3+ —+1 (Thiaminase I, EC 2.5.1.2) i,
LAKEY) (95 E), ME (B thzamznolytwus bay
E), BNE (340vvizd) ltﬁ?’ﬁb, FTIv
BFRD @-AFN-4-7 3 /-5-E) IV =) AFN
NI, MOBEYSEE FLE, 729 REDH
ERT Iy, €V vrinED N-ERRILEY, I/Z)T
428D SH (L&Y IKER T AMG% iy 5.
CDEEFEDRESNZ, B. thiaminolyticus Matsukawa et
Misawa @ ZNhsHHE l’o)#oi(}\ P)xlrth 6 itE-7T, %
iz Cl. sporogenes DFNh/PRIT L -» TiTbh, Th
ThEROMITD BV ISEKIKEIIC B~ DBER R
BohTn3,

EE LI COBROEBRIGERYNF 7 T v PHER
D7 FusTHHZEICERAL, ThbOREREEHIT
COBEROFRBRAELIZ. 77 I VPEBRDT S0
ZRILLEZ DKL, BEREEDE 77 37—
Y I ERRPLEE TS, TOIZYH, LEFLLFT I F
— ¥ | EEBOBRERITO, B 5N zEkD 5 b Strain
B & &4H1F 1z B.thiaminolyticus D—EEHEDSHEEET 5 H
BERIEDS, BERFENMEEICHT B, thiaminloyticus
Matsukawa et Misawa DFh & BT RITA T E %R
Wiz, LT, COBROKEEZHAALIZOT, HHUER
DEFOME L HKiT, |ET 5.
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1. FEHEK%
EARBFEICL - C, FREHTRLELDABELIL

* EUERLEREE
** RRLEPRE

il

Bitk, Bacillus thiaminolyticus Strain B % fu iz,

8, FEOBRRBICANF7 3+ —+ 1 EEOLHE
EER L O AEOEENEEICOWTIE, JliciEdT 3
FETHAS.

2. HE

DEAE-Sephadex A-50, Sephadex G-100 |3 Phar-
macia #:, Hydroxylapatite & HZA 2 # 4V OELG
Ths. £ME7 VT it Sigma {8, HFEHRE
Wz IERE 4 o s B3 Boehringer #HD 57 v
FDEIDTHB, FILHEHEBETHEAF7IvPEY DL,
BIOZOMOEET, FMEER2ERUI:.

3. BEEEOHE

%iﬁﬁ@%ﬁu,ﬁﬁéwle(«?DEUT?
V) B BIRESTT-12. Tiabb, F7riv (
1.5mM), €y > (25.0 mM), » = @R Y L EREE
ER (Bl 5720 R Y pH 6.5, 37.5 mM) 5 X OB
K (0.5m¢) »&tr 28 2.0m¢ ORIGK% 37°C T
205 BHRBE U CRIG X Biz%%, 20% 2 %2 Y B 0.5m{
PMMATCRIGZEESI VS, TORBEIER 1mé 10
%KEALF MY U LB K 2me 2ini, 37°CT603
FEUTRRGOF 7 2 v 23 RUICE, 1%RILE—
20%KkBItF b Y v L B (2:3, v/v) A TER
ICISHREIMET 5. RNT, 0.1%B8R{tKkFEK 0.5mé
PMACREORME 2SR UIz#, HPT OZHAER
MTHBANTOEY 7 o—uHRT 386 nm icBiF 3
WERBET A itk ->TC, HPT B2FEE7T 3,
EBERESEERSR 1 mM @ HPT hoERUIzATF B
€Y7 o—nDRXER 1.40 Thotz, Tz 1BERE
I AU) ix 85 1 pmole @ HPT % AT 2 BHRE
LEHEUI.
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4. BYNRIBOESR

aweagﬁgttms— TLVTI R EELLUT,
Lowry 5OFEICEUTEELIZ. %, BRERIX
REIFECT 0.02M 9 o BEEIR (PH 6.8) 1T LT
BRUCEEICMLUZ, $72, #7107 b0 T77 4
—DEBRKICH LU TIE, BHEICHELT EEEEE (280
nm) ZPEALI.

5. F4RUEBRIKE

9)2 v RIEEEEMOBSKGEBREMRL, kHOKT
HBICELTIT-12. Tiabb, 7.5% DRIV T I YT
RS, EERESERE LT Tris-2 ) o U EER (
pH 8.3) 2\, »7114%Y 4mA OEBHRTH
1BRKEI LTz, 2o 80 BORBIZ1%T T Ry oY
Wy 10B J{C 1RREITTV, 7 %EEBTHRELT:.

8. ﬁ?ﬁ@iﬁﬂ%)

Andrews O BEICHKEST, 0.AM 5L+ v v o &
F 0.02M v o ERRER (pH 6.8) TE#LL 7z Se-
phadex G-100 # 5 2 (2x120cm) % fv>, WK 0.35
m{/min X EE 1.5g/tube ODFHTTEEB X
CBERZ v 7 BOF VPRIV, BEL /20 ED
DFER RELIZ., EEL 0y B EUTE, Cyto-
chrome C (4F& 12,500), Chymotrypsinogen A
(25,000), BFE Albumin (45,000), Z:f# Albumin
(68,000) 35kt Aldolase (158,000) %{HFL 7z,

R BR & R

1. BEROBR
(Step 1) HERFRAEDAE

2.0 0.2
[

Activity (Ass)
Protein concn.(A1s )

0.0

120 130 140 150 160 170
Fraction number (1.5 g/tube)

Fig. 1. Gel Filtration Patterns of Hydroxylapatite
Fraction on Sephadex G-100 Column,
O——O : Thiaminase I activity.

@®—@ : Protein concentration,

}—— : Fraction pooled.

Strain B I & 2—~<F b U EEHT 37°C, 168K
B#HERBEUIEERS, BHT (0°C) KB TED
5yBE (8,000 rpm, 10 min) U, B 6hiz L&®K (15.5
6) BHEEERHE UTHWZ. 8, UTORBMREL
2TO0—-5°COEBENTITV, BEK, Ko
WRD, 1mM © 2-2uvnF+xss—v (ME) %
ZA1 0.02M Y BEEK OH 6.8, LIk ASE
KEFRTB) 2RV,

(Step 2) HERHE

BIFCHIBESRIRIC80% AaFNHHE M B DRE % N A T2 151K %
—HBRES, RO HE (8,000 rpm, 10 min) L7z, &
EhizthB %D ED ABEIRITEL» Uiz, TOBKRR
REDABERICH L T—BBEi Uiz,

(Step 3) DEAE-Sephadex A-50 column

chromatography

HH U A FER T FHE{LL - DEAE-Sephadex
A-50 7 5 & (5x100cm) |CHEITEN R WE S ¥ 1z1,
ABER (20) THRBUEHD % o BRERELT.
ZD%, ABERICTELF VY oo 2FmMTAs LTk
> TYEBI L 7z stepwise elution WK (F{LF+ b Y v L
BE:0.2,03 8L 04M) &2 Ny F AHEHEYE
TIEH (FiEE 040 ml/hr, 53EuE : 15g/tube) Uiz,
0.4M b7 bV v L EBEHEFOEREE S 28D 1z
#%, ThIt80%AEFIENEDWME ZHML, BiF%21T-
tz. @05 EE (8,000 rpm, 15 min) itk > THED LN
2B LD 0.4M HLF Y v L BFA BEIR (
B BREERERT ) IKE»LIZE, REERRICEL
TE 2T 12,

(Step 4) Sephadex G-100 column chromato-

graphy (1st)

RSB (2.5ms) %, H56 »U® 1.0M L+ b
) 2 A EHABERCEHE{LL Tz Sephadex G-100 7
5 & (2x50cm) ICFTHEU 28, RBERTEH #
: 21 mé/hr, 3ERE : 3 g/tube) Uiz, EHEDZE
Y, BREGELIZ%, BE2DEOBEERITE»L,
FEERITH L CTHET 21T - 12,

(Step 5) Hydroxylapatite column chromato-

graphy

BB (3me) %, 52U 0.2M HLF b Y
v L E5H ABER (L LTz Hydroxylapatite 7 5
& (1.5x10cm) ic#E &%, FAEER 20ms THEL
1z, NT, EEERFO) CBRBEERENIESCE
12k > TYEELL 7= stepwise elution K (Y o BREE
:0.05, 0.10, 0.15 33 L8 0.20M) & 20m{ CTHEH (
¥ : 21 mé/hr, 2.5 g/tube) Uiz, 0.15~0.20M Y
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Table 1. The Purification of Thiaminase I from Strain B,
Total  Total  Specific Purifica- Recov

Step activity protein activity tion ery

) (mg) (U/mg) factor (%)

Culture filtrate 4154 4123.0 1.0 1.0 100.0
0—809(NH,4)2SO,4 ppt 3666 1933.6 1.9 1.9 88.3
DEAE Sephadex A-50 2500 82.2 30.4 30.4 60.2
Sephadex G-100 (1st) 1350 23.6 57.2 57.2 32.5
Hydroxylapatite 354 3.0 118.0 118.0 8.5
Sephadex G-100 (2nd) 285 1.1 259.1 259.1 6.9

CEEREA IR OEEE S 258y, BREERICT LT
BT, BEERRUI.. RE2DEOREERICH
» L, BEREERICILTERUE.
(Step 6) Sephadex G-100 column chromato-
graphy (2nd)

pizcaEs (Amé) %, & 65 U BEERKR CHELL
7z Sephadex G-100 # 5 o (2x120cm) 1T FIEL 12
%, FEEEECHES (BRE : 2lml/hr, 1.5g/tube) U
fo. EEES B 1IN) 2HEERERUIE, BRErPE
O BREERICTHED LTz, T OB % R UEERICE LT
BT U TR HBRER & Uz,

U b OREEERIC T 2 EEE D OREE, 82
Ry EE, WEE, NEBIOMILERZE1RCEED
to. RAOBHBEREMNIE, BB FBRO 260 R S
nNTEH, NRKIT7%ThH-1.

2. F4RUVBRIXE

BRRMEME T LicE R 28RY, 7o I vT I RSV T

4 AV BRIV 2T TR 28 2KICR U Tz, ®AE&HE
BEERERIIE—D 28y XU KR 5L, BRIKEH
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Fig. 3. Molecular Weight Estimation of the Enzyme
by the Gel Filtration on Sephadex G-100.
O : Standard protein.
@® : Thiaminase I.

Fig. 2. Polyacrylamide Gel Electrophoresis
Patterns on the Enzyme Preparations in
Several Purification Steps.
1:(Step 2) Ammonium sulfate fractiona-

tion,

2 : (Step 3) DEAE-Sephadex A-50.

3 : (Step 4) Sephadex G-100 (1st).

4 : (Step 5) Hydroxylapatite.

5: (Step 6) Sephadex G-100 (2nd).

O : Origin.

P : Protein (Thiaminase I).

F : Front (BPB).
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3. REBRONTE

Sephadex G-100 % W\ iz7 v @ HEiIC X 2D F&
BIEDHEREREIRITRUIZ. KEDEETAF7 I+
— €I DFFEIZHK 37,000 TH 3 LML,

4. REEROMH

1) £#& pH

0.15M @ 7 = » EEE &R % FA T, 2.5~8.00D7% pH
THE~NLNIZE®E pH 135.0CTh -7z (B4 ).

100

(<Al
o
T

Relative activity (%)
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Fig. 4. Optimum pH for Enzyme Activity.
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Table 2. Effects of Metal Ions on the Activity

of Purified Thiaminase I from Strain B.

Additive (1mM) Relative activity (%)
- None 100
$ LiSO, 105
-‘E" NaCl 96
'-é KC1 96
e CUSO4 5
k] MgSO, 98
&’ CaC12 91
ZnSOy4 84
MnCl, 100
ol \ \ , FeSO4 78
20 30 40 50 60 AgNO3 0
Temperature (°C) HgCl, 0

Fig. 5. Optimum Temperature for Enzyme

Relalive activity (%)

Activity,

5 6 7 8

pH

Fig. 6. pH-Stability of the Purified Enzyme.

Fig. 7. Thermo-Stability of the Purified Enzyme,

2) BEEEBRE

0.15M 7 = U EEEEIR (PH 5.0) % AWT, 20~
60° COFIRE THARLNIZEHEZEIIS0°CTH -7z (
B5KD.

3) pH REH

BE@FEE (50°C) &HTFICBWT, 2.5~8.00% pH
IBRH2073 B OFIRIC & 2 BEREHEDE L 53Rk DTz (
F6K). pH 0% 5E I 6.0~7.5 T, ThIH
M, 7oua ) ENTHOEICENT § 2EITEESIET
viz.

4) BREM

0.15M o7 = EE#EER (PH 6.8) %2 AT, 25~
60°COFIEE, 207 FEDOFEIC L 5 BEEEDE L
bkvitz BT7TK). BEEHEEIL50°CLITFT, 60°C
TIIMREERIZEA LK ST,

5) EBAFVDEE

SEBA A D KREED ImM 12/ 3 X Sic, BERE

1000 HWTRIBIRICIA T, PH 5.0 35 X050°C ORGE
BTk s BREREOZ LR~ (2 %), Cu®,
Ag*, Hg®" TELUWHEN, $1z Zn°', Ca®* Thv
S DISHESBED bl UL sbss, Mn®' gk
>y
£ 5o b Table 3. Effects of Inhibitors on the Activity
8 of Purified Thiaminase I from Strain B.
2
§ Additive (0.1 mM) Relative activity (%)
y None 100
NaNj 101
_ . ‘ _ . NaAsO, 95
0010 20 30 40 50 60 PCMB 3
Temperature (°C) EDTA 98
ICH,COOH 9%
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2000 4000
1/ (Thiamine) (M™)

Fig. 8. Lineweaver-Burk Plot

[Pyridine] : 6.0 (O), 3.0 (@), 1.0 (O),
0.6 (H), and 0.3 (&) mM.

o

TIXEE 3N 1z,

8) BEEHOEE

FEEFIDKRMEED 0.1 mM 12/t 3 X i, BEEER:
SRBERITMA T, pH 5.0 38 X050°C DRIGHRHE
Fickly sBREEOELZFAT: (B3%). PCMB
TRELV [ES B 5hizh’, NaAsO;, EDTA,
ICH,COOH TIIHEDED b ah o1z,

7) Km ?DckU‘ Vmax

PH 5.0 38X 0'50°C ORIGHREFTITINT, HEEE
ERERILIVIHORIGERE (v) 2Rz, F7Iv
BIOCY v ORBE (ThTTh [S1] X0 [S2])
1%, 0.3, 0.6, 1.0, 3.0 BXY 6.0 mM D55D4
~5BEOBEICGEAT.. E-HVWIcERE (ED X
0.448 pg ( 3 F8% 37,000 & FHUERIS IBRF TIE
1.5x10°2 uM 1CHHHTB) Th-7z. D HKERIZ,
FEIHITRINTWA XA, 1/v & [S1] & © i
RESBERZRBELNI.. TOERL, [S2] 2EALBC
Lit&k 5T, B> TEIBEH L., ThThoOE
HWOREIFOE (0) & Z20 BEO [S2] O L DB
HE oy FUIZOMBEIRTH H, 13 S EREFRNSE
bhiz. TOBEHFOHEIA (1/Vwaz) 55 Vmax 5
200 #M HPT/min (=120 mg thiamine/mg protein
/min), FREICHES Ko/Vimes) D56 €Y DT 3
Kn fid7sbb Ky »5 12.8 mM B X8 5§ 8 Mick!T
ZHEHEOEE (Ka/Vmex) 6 F7 3 T3 K

0.2r

b (min/uM)

0.1F

0.0

0 2000 %000
1/ (Pyridine) (M™)

Fig. 9. Plot of b (Intercept in Fig. 8) ws.

1/[Pyridine].

Ed/zbb Kads 2.7 mM L 3{ERThThEz.

£ ®

WEKEF 7 2 — € 1 OBBITOWTIX, B. thiami-
nolyticus M M B Cl. sporogenes DT NHSHRE:
‘c‘fn'Cb‘% bz‘»b?‘;sti»é ZE LD LIERD S BREL
1z B. thiaminolyticus Strain B OEFE T 2577 3 +
—€ 11k, BiZEZEOTHh LB TR E-TH3EEbh
2. ZCTEBEDEFETS F71 77— I OBEERZE
A, AxF2—_7 b 58 FBIR 15.50 » 5 FEHE
= (HiEH: 259.1 U/mg) l.lmg 2H7. HEITE
c i, KEEFRI 0.2M P kific 0.4M PILED 1 F
BEOBIKRTRITITLER LIz, ZD12d, —EDB{E
IV Tid, SH £ R ##ITH3 ME (ImM) & dtic
0.4M DiF{LF bV D 2 2FMUTZ Y CEREER 2 A
tz. CORRBEHBERERITIT + 2 7 BKEKSICE—
ThHHT ERHBELIZ (ES5K).

CDREMTF 7 T F— ¥ [ OBERZENHE %, B. thia-
minolyticus M. M. > 686Nz 7 I +—€1DTh
titic, E4RiCEFL DIz 2!§4ﬁ3?0)§ﬁ5§ﬁ X 5.0,
BHEFIZS0°CTH Y, HELP Airth 5 O@E LT
Rizk, iz pH &EHIZ 6.0~7.5 & » 7z bk,
#hzEE $50° CLI TG, Airth & D#%&3 360°CLT
L VIEL, KEEROFBETARESLI>THD. KB
FOEEE,Cu®’, Ag”, Hg” 0% £E 1 4> % PCMB
T ->TEEALTERICH E3N, KESED SH Bk
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Table 4. Properties of Thiaminase I,
Thiaminase I
Property Strain B B. thiaminolyticus M. M,
Murata et al, Airth et al, ®
Optimum pH 5.0 6.5 5.8
Optimum temp. (°C) 50 30 25
pH-stability 6.0-7.5 — —
Thermo-stability (°C) 50 — 60
Metal ion Cu?*, Ag", Hg?* Mn2?* Fe?*, Fe*, Cu®*
Inhibition PCMB
Inhibitor PCMB EDTA —
ICH,COOH
Molecular weight 37,000 40,000 44,000
Thiamine 2.7 0.9 0.0087
Em mM) o idine 12.8 1.0 -
Viax (mg thiamine/mg protein/min) 120 30.5 6.4

a) From Ref. 4.

b) From Ref. 5.
THHTL2RBLTNAS, T ABEROEE, HH
LOHEL Rz, EDTA i {HEIhKNT L
»b, Eﬁﬁ%ﬁkﬁﬁ 1 FEE5UTHREWEBEbN
5. if’ﬁﬁﬂ% i3, EY, &, fkﬂi%&tb%%ﬁﬁéht
F7 3 F—+ I OFEESOTRS Mo 441k 5T
HEPICEEI N, D> OMEHEED % D ICH,COOH
KXo TREYBRICHEIN S EABRNTNS, UhrUE
BEEOEHIZ, MEICL > THES N -1z, i,
KEER D5 F&1E, Sephadex G-100 ic X 3 4 Vi
HRIT X - T, #937,000TH 3 &FHEL T2, THIITERERR
¥» bR d5hiz B. thz'a;g;’nolylicus M. 1\/1[1) FEEFT
TF—E 1D DFE 4,000 »H AU 40,000, BAHK
Bk k > TR Ba”l).f’ Cl. sporogenes FEHE 77 T F
— € 1 DB TFEA2,000iT s, BF NS o7z,

AR DA T 2 BRSO, MISEED
B IR DO#ESE, Ping Pong mechanism Tk 5
Z EMbhotz. B. thiaminolyticus M. M. EEHEF 7
z%—%lmomf&,%m(LEIRMmébﬂa&
DEECTRIGHHETT 22 L2 B/E LTV, T4b
5, ERFGH, 10 Binary complex (ES;
Fizid E'S2) 2L TETT AHAIKIE, W oh
DOEBEDOHEE S (F121k S1) O$ & T, HEE S1 (
Fiz1x Sa) 13§ % Lineweaver-Burk 7w v %
Ve 5 & FHEERHEE L2, K20ML Ternary
complex (ES;1Ss) %KL CH#ITT 2HE1I01E, A
D7 ey MBIRXERFEEL IS T L5, MRIGHEES
XAd 2 EMBTE S, REREDREEZHMRIGDHEIT
i3, E8XNOW L LHERHNR LN, AIEDOEETDH

B LPEUI. COBBICES {BIENERIL, £8
Nis & OF5E 9 NOFEROME & & HEEHI A DED> 5 EHE
U, RARIGHEE Viax 1& 200 #M HPT/min, 3
LY AEH Kn F7I0BI O ) iciLTE
nxh 2.7 f:o’.;hi))" 12.8 mM 2 3E»E1z. ThbD
i, HESDELD, Veas T4ELIEAREL, iz
KnT F7I0T3E, €YU TIERIVEDT
Hotz. Filz, FRAUEBEERED S turnover number
%%y 13,000/min & SE{H L 7z,
E+S;=—ES;—>E’+P;
E’ +Se=—=E’'S;—>E+P,
Vinax _ K, + Kb Ky

v ST s

{BU, Ka, Kby : &

E+S; +S3=—ES;Ss—>E'Ss + P;
—>E+P;+P,

Vmat 1 Ka. Kb K]a K],
e NS Y

{BU, Ka, Kb, Kia :
KEDEETHF7 27— 1k, 0.2M PILED A+
VEEED S L TUDBRUIN & &R, Dol
BEEENMEE D 5, B, thiaminolyticus M, M, D Zxh &
WEREDEETH S LiEmLiz.

+igdhhs & BEEL 72 B. thiaminolyticus Strain B @
EETEFT7 I~ [ DBERR2T-T, TOBREN
B2 F~I,

@®

©)]
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B2 LR 280%1i 253 £ 0 DEAE-Sephadex
A-50, Sephadex G-100 (1st), Hydroxylapatite,
Sephadex G-100 (2nd) D& HS L7 0 vT 5T 4 —
ICNERT, 754 R 7 BREKEINICE—DBEEMR 215
tz. COBEDHIFEIX, 37,000 Th-iz. i pH
BIUOEHEREIZ, ThThb5.088X050°CTH -1z,
COBEOEEE Cu”’, Ag', He" 0 X5 bR A+
CEI PCMB itk > TEHEULHE S M.

T DEEFHEI NS 2 BETER COB JIEH /8T £ —
%~%, pH 5.0 38X 50°CORETFTCTHNIZ. 77
rBLIOCY D EHT S Ka fHiZThTh 2.7 %
o8 12.8mM Th b, Vaax it 120mg/thiamine/mg
protein/min Tdh -7z,

heDWE% B. thiaminolyticus Matsukawa et
Misawa % Cl. sporogenes d>5i86N1zF7 3 +—+
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Summary

Purification and enzymological properties of the bacterial thiaminase I produced by B.
thiaminolyticus Strain B isolated from soil has been described.

By applying the culture filtrate of the bacteria to ammonium sulfate fractionation and
chromatographic fractionation using a DEAE-Sephadex A-50,Sephadex G-100 (1st), Hydroxyl-
apatite, and Sephadex G-100 (2nd), an enzyme preparation having ca. 260 times as much
specific activity as that of the original crude enzyme was obtained. The enzyme was
homogeneous on polyacrylamide disc gel electrophoresis and had a molecular weight,
estimated by gel filtration, of 37,000 daltons. @ The optimum pH and the optimum
temperature were 5.0 and 50°C respectively. The metal ions such as Cu’*, Ag’, and Hg*",
and PCMB remarkably inhibited the activity of the enzyme.

The kinetic parameters for the base-exchange reaction of the enzyme were determined at
pH 5.0 and 50°C. The Km values for thiamine and pyridine were 2.7 and 12.8 mM,
respectively, and the Vmax value was 120 mg/mg protein/min, expressed as the amount of
thiamine decomposed.

These properties were compared with those of thiaminases from B. thiaminolyticus Matsu-
kawa et Misawa and Cl. sporogenes.



