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Immobilization and Properties of Formate Dehydrogenase
from Methanol-Utilizing Yeast, Candida sp.N-16
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' Laboratory of Applied Microbiology

Abstract

Formate dehydrogenase was purified 18-fold from Candida sp. N-16 grown on the medium contain-
ing methanol by procedures including heat-treatment and chromatographies on DEAE Sephadex A-50
and Sephadex G-200. The final enzyme preparation was homogeneous in polyacrylamide gel disc elec-
trophoresis. Its optimum pH and temperature of the enzyme activity were pH 6.5 - 8.0 and 50°C. The
activity was lost by treatment at 60°C for 15 min. The Km values were found to be 16 mM for formate

and 0.056 mM for NAD. The purified enzyme was immobilized by covalent bonding on Sepharore 4B,

which was activated by cyanogen bromide. The specific activity of the immobilized enzyme was 0.01
unit/mg resin. The Km values were found to be 19 mM for formate and 0.11 mM for NAD. Its optimum
pH and temperature were pH 6.8 - 8.0 and 55°C. The pH and thermal stability of the immobilized

enzyme were higher than those of the native enzyme.
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R * BB E L 72, ~/Liamidoblack 10B T L, 7.5%
EREEL L USRS & 4 Al TR 7>,
A F 7 — VERALEEE R S T3 H R o S T3y
FR9Eif » & 5738 2 172 Candida sp. N—16 % fEH L 72 g R
BHOEEZEIIEIR (Fu & Tonomura, 1972) I27Evy  FER KEREORE

1% (wt/v) DA% ) — )Nk SUEMEE 300 Z 1
CEMAT7 T 2T AN, ZHUCHEREIRE L, 30
12 C40RE M [ #xdR 352 (200rpm) L 72, HHR DR
i FECHIR D EEHIZ1. 5% (wt./v) DFERZINZ T
L MERE A UT 2. 25— ide
NNDEHIZBWTLA—F 27V —7THEL 20bE
mL 7.
FEHB KRR EEDRE

XK EEERIGE M 1250mM )~ ERREEE (pHT. 2)
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Lowry 5 (1951) v FiEiciE- TiT-72. F/h7nu-=
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KIS DIEM L E
BHICHED Z BRI . }
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Table 1. Purification of formate dehydrogenase from Candida sp. N-16
. Totalenzyme  Specific - . .
Step T ota(l n}:r;)tem | activity activity Yf;ld Purl{lcicaltlon
J (units) (units/mg) (%) (fold)
Crude extract 1,357 293 0.216 100 1
Heat treatment 390 267 0.684 91 3.2
DEAE Sephadex A-50 67 221 3.30 75 15.2
Sephadex G-200 49 187 3.82 64 17.7

ik D85 7o HkS. 5 g (A E) %50mM 1) > BEAR
& (pH7.2) 12T 3MEHF Lz b, 120mbo) f6] 4%

BHICEEL, 2030z onwTERENIC30gD s
52 —2Z (£%0.25mm) 2702757 HEELKRE
A% TR L 72, BRRRLER X REE T AT
HBEIL A5 1 BT F N F Uz OV T 3 EfT - 72,
B kRS, 25,000xg, 30N E LABERZATV, B&
BrRou FEBECHBEER L. MEEREZ50C
1547 Rmaa L, &AM L TABEIC X - 72X %210,0
00xg, 155rFin a8z & > T vz biEN
7 LW A50mM ) > BRI R L TIBRGENT L 72,
ERNE A 70 % FEEETICH 52 LORE HRER
<41k 72DEAE Sephadex A—50 (2.5X45cm)
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Gel filtration of formate dehydrogenase on a

Sephadex G-200 column. ( ), absorbance
at 280 nm; (--- -- ), activity of formate dehydro-

genase.

Fig. 2.
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L T\, OIS R OB SR REERE

R L TUToOERICHL . LLEORR, HMERH

P XEEBKERELIT. TEICRHERL, bt 3.8

(units/mg protein) IRdhZEF7, o BRI
64% Th -1z, THHSEBBRICBITHHRZEL
Ficx Lo, HEUBRERIET 4 R 7 BRKERIC
B—-ThoTz.

¥BH Kk EREOEEIL
BENEEILIZIEMK E L THIKHCNBr i Se-
pharose 4 B (Pharmacia Fine Chemicals) %M\

T Pharmacia manual (1979) [2# U Tir->72.

T 7 b b EiE{L L 7:CNBr— &t {.Sepharose 4 B
(18) 79274 1%—LET50m€n 1 mMHCI %
HwTEL -0, 0.5 MNaCl® £4:0. IM ER &

Y — T REW (pH8.3) o5 %A TN TNy Ty

—IBEL, TR IR XBEBERAR (12mg/
m) RMZEZETOLONIEELE»LATY T
Kie# T EEEERL2FEL 2. BEROERKRER
VEBNIMIY ) —NT I ERHCTAERELL, E
EfLBEEIZH 7Y > 78y 77—, 0.5M NaCl% &4
0. IMPFEEL B (pH4 ), SBlcAHA TN > 72Xy 77—
FHAWTHRELZOLEGKIZBRIBL T4 CICTRE
L. iz s 7)) > ZRIE 28k 00.1 ME
s — TREWR DD H ) 1250mM ) > BREEEW (pH
7.2) AV, MUIEML EGCEEEBERLRARL,
BTN Ty T — DB OWTLRETL 2. 2
NoDREREFE2RIITT. ) BEFRTTH T
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Table 2. Immobilization of formate dehydrogenase -
Total enzyme . Recovery of
activity ?\cp?i(\:fli?c activity
(units) y (%)
units/mg protein ’
Native enzyme
(12 mg of protein) 45.8 38 100
Enzyme immobilized units/me resin
(1 mg of resin) &
in NaCO, buffer, pH 8.3 49 0.005 11
in phosphate buffer, 9.0 0.01 20

pH 8.0
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Fig. 3. Effect of pH on activity of enzymes. The enzyme
activity was measured under the standard assay
conditions using following buffers; Sdoium
phosphate-citrate buffer (2,4), sodium pota-
ssium phosphate buffer (o,e), boric buffer
(o,w). (4,0,0), native enzyme; (4,e,u),
immobilized enzyme.
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Effect of pH on stability of enzymes. The znyme,
in each pH indicated in Fig. 3, was preincubated
at 30°C for 60 min. The remaining activity was
measured under the standard assay conditions.
( ©), native enzyme; ( ® ), immobilized enzyme.
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%m)ﬂ&:h‘é(ﬁl&@ﬁﬂx&hf L2 AELSHIZRL
72 X S Iz IE O B IR | RS BRI O\ TIERI50°C
& Kloeckera sp. No. 2201 DEEF (Kato et al., 1974)
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Fig. 5. Effect of temperature on activity of enzymes.

The enzyme activity was measured under the
standard assay conditions at various tempera-
tures. (o), native enzyme; ( ® ), immobilized
enzyme.
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Fig. 6. Effect of temperature on stability of enzymes.

The enzyme was preincubated for 15 min at
each temperature as indicated. The remaining
activity was measured under the standard con-
ditions. ( ©), native enzyme; ( ® ), immobilized
enzyme.
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B D FRICECRLICER R L, BEEEIZS0
CIleBVT80%, 60°CIcBVT20%LUTIETT 5N
2Rl T, BEIEILL 2BERIC DOV TIISNCTIZEA L
FEEE) Z LIz, 60°CI2B VT H#50%DiE M
WHEAEL .

IRERBICEEE S 4°CIC TRIEL 2384101, /3
7T THIZLDZEMD LITIUERBMBIETETH - 72,
¥R, BEE{LEEE % Tris-HCHEE I BRB L THEFL
2L DIFHEIC L AERLALL, 3 YAMERAL
RHBAICLITEA CTEEIEbN D - 2.
5. 372 2AEHK

XE B L UNADICH T 28 L &5 NICBEIE L L 728
FD I A1) 2EK % Lineweaver-Burkd R iz 4 &0
WSR2, (87, 8F) XBEICHT 5 KmfiZ 21
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Determination of Km value for formate by Line-
werver-Burk plot. The enzyme activity was mea-
sured under the standard assay conditions with
various concentration of formate and native
enzyme ( 0 ), and immobilized enzyme (@ ).
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Fig. 8. Determination of Km value for NAD by Line-

werver Burk plot. The enzyme activity was
measured under the standard assay conditions
with various concentration of NAD and native
enzyme ( o0 ), and immobilized enzyme (@)
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Z116mM, 19mM 2 FFE L EEZR L 72, Z RS
L T, NADIZXT % KmfEiZ W55 %K 550. 05mM, [HE
EL723 D0. 11mME, BELTBZLI2E DV ETEn
MEAPKRES LD e brol, kb, HMUBERNX
Bt 7 5 NICNADIC XY 2 KmfE I3 BEHR O 3 @ (KaTo et
al., 1974; ScuitTE et al.,1976) LT \VWETH - 7=,

x x

28— NVEAERR O X AKERERIC OV TS,
F T2 Kloekera sp. No.2201(Kato et al ), Candida
boidinii ( ScHUTTE et al. ) DHMBIHMBE L D 2121
351, IMENEETHEUINTVSE, ZNHHMER

BTN, BRI - RESHTHWDIcLy

5T, FLoDHEMEIL0. 143 (units/mg protein)
2.4 (units/mg protein) * WEEZORBICHITEZREL D
EFELWEIRDLN TS, D1k Kloeckera sp.
No. 220112 D\ T3 EHFERICEHRET 2 1, Candida
boidinii T 5 ERIEZI N12728 (OcaTa et al., 1969
; LEe and KowmacaTa, 1980), BERt o> XEE K FKEEFR D
WEESWTNDOETH 2D 3 ABZEOFHE2E 2
2 EDLLBLOFLENBEEZATHE. ZHUIHL
T, AWFFEIZ BT 5 Candida sp. N—164L ) o5 Bl g
FOHIEMEH3. 82 (units/ mg protein) & & = ) Ca-
ndida boidinii DEICEERVPB/BLNTWSHZ &b
5, BEBOWEMEIZIZIE2.4~3.80FHEICH BN E
Zz2bild, TN EIFHNZ, Kloeckera sp. No. 2201
ORI IS B TUIME OB & > TXEHK
FERFEOFEEHIFE L (B ZITRET I LHESN
T3 (Kato et al., 1974). 4 [BlCandida sp. N —16
DRI OV TR L 22 E N I2BW» TS, T
I EBDEHNETIRIIEA BRI N 72D A
75T, XEBOKEREFRIIHLO0. THRAIEX 5 KE
SHENRE N, BT oEEIIRBIBGRESI NS &
Kloeckera sp. No.2201 2 &7 o 18RI B LN T W5,
* 2 BERICHT A ME IOV T LR ORI I3
FOEHIBEINTWS., ULE3EOERH» L OBER
CBLT, 2, 3OBHICELVWEINEDLINLTWS
DIZKL T, HENAD, XBICKT 5 KmflEl 8 %
ST AHEIZEL TIREBL T b Z &dbho 72,
BROXBBEARZEELT S L )RAARBINE
TICREF AL WD, AFRICRLIEZLIICRILST
> THEMALE Lz BKICE S ICEEL S iz, Bk
T ACE N IBEADEBERD A T TILEE B R
Y — FBEBE A LTV 5 (AXEN et al., 1967 ;
Pharmacia manual, 1979), AR L 72 L 1T,
Candida sp. N—167% 5 DXEEBAKFEERICOVTYH
FHRER T TOBEILYTRETH - 7295, ) Bk

TERFRZEFMBE  H305

BERCLZ LIZENELIcERNGCREE L EE S
FETEDZ LD b ot REBIIABEZE DR IGERK
MDL1OTHB I Eh b, TNIPBEREEKOELIC
BroThAL»OHEZBLIZL T30 LI
TwrkEzZ LN 5.

HBAE, NADHOAEREICIZ v BB O T L a2 — LBk
FEBELHCLH»—EIATTPN TS, 25T,
Toa— B KKREROMIE T 2 JBI2 & T £ b
TNTe FZENADHOBFA TICETL, =%/ —1L%
ERT 5 HENCHE T3 . ( Suno & THEOREN,
1963). L7292 T, ZOREHR*HWENADLD N
ADHOD A I HMENIC WL D DRIBEE 2 ZA TV B
EEZ LB, ZHUIK L CTXBBKEEREE DT
BREIE, BB L 72 & ) ICRISERBD 1 Db kT
hoizd, RICREEREZBERGTHFICECZLICL
- TG D4 % %12 NADA &5 NADHA K 0 5 [ 124
F22E0MEREELLNE, BIFRTRLZE D
12, A F = VRACHERER b & XEEBKRBER L Bk
RO BI85 NS B TTRE T, BEE D LBty
TERTZOWYFDES L B2, T TIcBRZ kKE
RIS D HEMLMESLL T3 (Tant et al., 1978).
Ubnmiz®Ez 4858, EROXBBAEEZEON

- ADHHEEFE~DFIRIZ 2 2 2 — VELESEY o

ND—FHEZRTLDERbNLS.

wm =

A Z ) —NEAEERO XBBOKERER 2 BT S
CIcBEELL, BonERnMWE % ik 7.

28 —NEKRFFREL TEEL 72 Candida sp. N -
16Dl L 0, 24, DEAE Sephadex A—
503 & UFSephadex G—200% A\ T X Bl K HZBER &
IBEICKHEBLL 72, RRIBERIZT 4 2 7 BRAKEAYIC
¥j—THho72. Nz Bibs 7 > THEMALL 72Sepha
rose 4 B #HVWTEZELL 2. BlEbIc & 5%
DEINFIIH20% T, H5NBEbBROLIEEIT
0. 01ymole (3£E) /min/mg 8K TH-~72. NAD,
XER XS B KmfEIZ DWW T, FBBlEERII 2 1L F 0.
056mM 1 k t*16mM, EE(LEEHRIL, 0.1lmM B &
19mM T4k - 72, FilipH, WmEIREICOWTE, HH
B3 (3pH6.5~8.0150°C, ElIE tE#3H%13pH6.8~8.0
E55°CTH - 72, BB L UpHICH T 2 ZE M I EE(L

Tz izt THmML 2.
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