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W OE: i NIP-NTA Bk B L Bizk B 2 4 4% 5 B AT 8 = & -t 8 &£ R B (Mycobacterium tuberculosis
dihydrofolate reductase, MtDHFR), 3£ & i& 4] 5 F B K A4 & 0f i 09 MIDHFR B £ 407 k. £ % £ % 6xHis
A4 MIDHFR, 264b)5 RAEBE 3 MR, a8 Ni¥'-NTA #Ezkfo i R AR B R LT AR B B R AL 2. IRGEH
AR MBI B R . 45 R K9, NiZ'-NTA #Zzkat MIDHFR B 2 4L2% 4 (93+12) mg/g #£%k (n=3), 128k
ERG AARIE 32%, NiZOAR4pHIBE M, EDTA 5 Ni¥ZWRIFH AL, Fe LB HF Fih. BARKRENE L
MtDHFR #) %% (8.620.6) mg/g #2k(n=3), B BRI 7EFRE (87+4)% (n=3). # -4 50 mmol/L KCI # 100 mmol/L
HEPES (pH 7.0)% , # & 4= &1L MIDHFR /£ 0 CH& 74 16 h E AL R F 5 E, (248 25 CHh#A 16 h, # BB
M BeiE 60% M 2 A 2k B A MIDHFR 7 P T P42 35%. F &20§%3t 7% & MtDHFR 4= B £ 4% MtDHFR 9 ICs,
ERFEFEF (P>0.05). %E, Ni**-NTA Bz RiE & B 4 MIDHFR; # &Rk B 1t MIDHFR #41R G % 1. #
ABE MBI B R 69 of L, % B AR R R R T bk 0F ik LBk RS R

D BBk, B, —ArTEBREREE, BRAKRSY, ik
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Abstract: To explore the immobilization of target proteins for screening libraries of ligand mixtures, magnetic submicron
particles (MSP) functionalized with Ni?*-NTA and carboxyl were compared for the immobilization of Mycobacterium
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tuberculosis dihydrofolate reductase (MtDHFR). MtDHFR fused with 6xHis was expressed, purified and characterized for
kinetics. MtDHFR was immobilized on Ni**-NTA-functionalized MSP directly and carboxyl-functionalized MSP upon
activation. The immobilization capacity, residual activity, thermostability and affinities for putative inhibitors were
characterized. MtDHFR immobilized on Ni?*-NTA-functionalized MSP retained about 32% activity of the free one with the
immobilization capacity of (93+12) mg/g of MSP (n=3). Ni?* and EDTA synergistically inhibited MtDHFR activity, while Fe**
had no obvious interference. MtDHFR immobilized on carboxyl-functionalized MSP retained (87+4)% activity of the free one
with the immobilization capacity of (8.6+£0.6) mg/g MSP (n=3). In 100 mmol/L HEPES (pH 7.0) containing 50 mmol/L KCI,
there was no significant loss of the activities of the free and immobilized MtDHFR after storage at 0 °C for 16 h, but nearly
60% and 35% loss of their activities after storage at 25 °C for 16 h, respectively. The inhibition effects of methotrexate on the
immobilized and free MtDHFR were consistent (P>0.05). The immobilization of MtDHFR on carboxyl-functionalized MSP
was thus favorable for higher retained activity and better thermostability, with promise for rapid screening of its ligand
mixtures.

Keywords: magnetic particles, immobilization, dihydrofolate reductase, ligand mixture, screening

25 % (Tuberculosis, TB)J& i BUw 1 45 4% 43 K JE . RIRF=UNR GV ECAH A A IR AW A 3R
RS A EERFATHRM. 2016 4E29 1 040 TN ShEr RERMERAT, A & BURAR & A9 A 30K
A, RS TN, Rk EENAIE U EARMER. AR N T R B R

AR E AW LC-MS 2 Hrifi te iR & W44 1
(7 PO R R E DA TE A s A ORI
RPN E A, TPk R A Y P ik
IS Y B R LA LC-MS S s E 43 BT &=
g5, WEAREIEERE | FERER R S I
TREAFLTGYE, St R FH IR W i S g

T A B, ﬂmewﬁKﬂAﬁﬁﬂm
Ni**-NTA 7k BR 37 0 4 4 i 2 1 DA 4 B2
P2 mlmkngﬁNF%§$E%¥,ﬁ
X B HE 4 J B 1 ] eSS I [ A B A TS A . RS
T R 2 [ 8 A 2R T TR, DR e AR R
EARSHEE R TIRE T, A
2 4 kRS MIDHFR, HbE Ni®*-NTA B2k fl
T AL R L Bk [ 2 AL X MEIDHFR 5Pk | e v
T R0 R S, DARRBRAE A R 43 8 O vk P A
AW VER MIDHFR [ 216 5 %

DA A BT SRR T I A K . 25
RN FARNZ 25T 25 0 KGR R4, a2
B2y, AL (Dihydrofolate reductase,
DHFR)J& 4 il A% B2 A i A2 DG Bl , 2 e 0 24
T R 6T AR B SRR S A
DHFR Z MR 74— B, 26% A4, KT
Bk 22 e AT RV SR 2 BN T U IR I 5
(Mycobacterium tuberculosis DHFR, MtDHFR) &
PEPER RO, fff MIDHFR B 45 83097 254 i
s M BT R (R B R 25 5 Ak
BV E ARG TR RO . TR, N 3E A T
MtDHFR 5 P BRI FR X R BUIRYT 45 %
AL F BT 2y B S

A8 558 5 T e O A P2 5 11 4 Ak 5 ) P P v
MR, PR A BRI, 0 e FEAE
it ERAR . KR WIRSWMAG SRR  RE
VE AR PEAM AR K, T LR ] 25 AR L 2834

AR5, RO IR A W e A AR i RT3,
%%M@Wﬂ%%ﬂ%%ﬂﬁﬁ%ﬂﬁ-ﬁmﬁ
IR A K P SR A B A e, FERT R
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NiZ*-NTA #4%k (iit5 20170714, 100 g/L).
FILREER (Magnetic submicron particles carboxyl
subtype F1, MSP-COOH-F1, #t5 20171121,



B FHMHEEEMERDRITE —_SHBRERERERT

120 g/L) W A o PR S T A= M H R A BR A Fl s =
ZFEWE (Trolamine, TEA) , FHZUERS (Methotrexate,
MTX) . i Ji A P b e 12 08 — A% T TR Wk 1R
(B-NADPH) . B-#it A H Aladding 7S7K A4
PR BRIRER . 57 PN k- B- D~ A LW A i Bt
(Isopropyl-beta-D-thiogalactopyranoside, IPTG). #ifik
FHREF & | 2-NIk 2 B#RR (4- Morpholineethanesulfonic
acid, MES) W H b at sl B B A Y H R A R

4-3% & FEWR R £ T R (4-(2-hydroxyerhyl)
piperazine-1-erhaesulfonic acid, HEPES) iy [t 5L
KR P AR/ ; E. coli BL21 (DE3) 1t A %,
HREERFE B A W H ARG PR F] 5 pET28a W H H13E
TR ARAT IR A5 NiZ-NTA J2H 8 E
marm YR EARS A AR
(Dihydrofolic acid, DHF) iy § Sigma A #]; N-
FRELBEFIRR W (N-Hydroxysuccinimide, NHS).
1-(3- — W 3 & N 3t )-3- &tk — Bk
(1-(3-Dimethylaminopropyl) -3-ethylcarbodiimide,
EDC) I A A mt Ak il Tl k= osat, HAd T3
WEE AR A, H AR E UV-2550 $40 ] UL 430l
JeEETE (iFIER R SE); HAKDU/R QB-9001 PRis 4k
it ; Promega 12 fL#G 4532542 ; Millipore 8050 %Y
R A g R MU (B EA ST
#>10 kDa).

1.2 MtDHFR EHFRIX AW BRI
1.2.1 MtDHFR E4Fk4ik

o N s 6xHis FR28 1Y) pET28a(+):dfrA &
R SR PS5 4 o 26 28 A W AR BR A R 5 1
BRI AL 27 A E. coli BL21 (DE3)J5 9%, %
BN S, F&A 100 mg/l RAREE R
LB ik ¥s 5, S MSCHk[23]iE 1T 6xHis-
MtDHFR FRikfigifk . & 50 mmol/L KCI [
20 mmol/L R # 2% bl (pH 7.0) & R IE &
(0.15-0.20 Mpa) #HUEW A IR AEE 1, Bradford 7
W vk e 15% SDS-PAGE 43 #i [ 46

&: 010-64807509

JITAS i 2R T W F 80 CIRFE -
1.2.2 MtDHFR HyH§2 P R = AE

MtDHFR 75 45 . DHF & 10 mmol/L p-
FiEE L EER) 50 mmol/L BEFREIZE whI (pH 7.0)
##Z 1.0 mmol/L %, B-NADPH £ 5 1K
it 2 1.0 mmol/L ¥ ; SOV 2% il k& 50 mmol/L
KCI /) 100 mmol/L HEPES (pH 7.0) *®!., MtDHFR
FHR N 22 iR 2 40 mg/L. 2R4M et it
fHIRZE 25 C, RMWEMWRIAE, SRR
1.0 mL, ey o8 50 umol/L 1) B-NADPH Fi
DHF, 400 ng MtDHFR, JR4]J54ER 10 s FGRE
B 22 W 340 nm &b 3 min NI GARL ; BU
FAR AL L M BBl N B R B (AAImIin) A b iR
NP FE (V), #RE MR IHFEE S R (e=
11 800 L/(mol-cm)P -4 % F1, 1.0 min N E41L
1.0 umol JiCH Jir i Bt et R — A1 1 B

MtDHFR K[ . SCkiiE B-NADPH Xf
MtDHFR %K [G# 0 Kmnappn FIT DHF K FG# 45
Kmone $929 4 umol/LP7, X T XU MG, i
— AP E R T 10 Koy B BAE 55— S v 3 0
SERRG , SUEIE T R0 Ka®l, 76 1.0 mL
& 400 ng PN ER R T, [EE DHF &R EN
50 pmol/L, 7E 2-10 pmol/L [A]#k 7 p-NADPH £
WRE (S), MERGR RNV EE (V), B8 1V
%} B-NADPH ¥ B 8% 1/S 1% 45 Kmnaopns 572
B-NADPH £ i 50 umol/L, 7 (0.5-10) umol/L
B 2 ZF DHF ¥, [ 2 Knpheo

MtDHFR #AEa e 1« 5 T 0 o P A 8 1 2ot
Rt 4 pPO2H RGN 2% v RO MIDHFR ﬁﬁ
Fe3 0.1 g/L, T 25 CHIO CIRAE, A[RJEFZIH
MtDHFR ¥ 10 pL, 25 Cil & fiF i o #r HAR Ak .
1.3 Ni*-NTA #EkEE MtDHFR & &1
1.3.1 Ni**-NTA #Zk & £ MIDHFR

HUNi®*-NTA @EER B (100 g/L), #%H7MEk
g ¥k e A e & kb (pH 7.0, 20 mmol/L
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Tris-HCI) ¥& 3 IFERE N 7.5 g/lL. BURNFRIMKRE
MtDHFR #5540 pL #iv2 #] 0 °C, 200 r/min 1%
JA 10 L Ni*-NTA B2k (2 75 ng), vkKisH
200 r/min JR$% 30 min; B4 743 B B b T & 5
REE, LR E S NGRR3R, BIR
200 L, FHEE N 39/L, T 0 CIRAERF,
1.3.2 Ni*-NTA BZkE E MIDHFR KA & KX E
7E B

JHI Bradford 3l i a5 114 24 [ 532 ik i T G
B AT S U R 25 . B
PR ] BN B B NPT -NTA B B [ 532 Ty [
EACEE I, P2 S [ 5E b MIDHFR 6 44 ;
1625 CHHIRAY 1.0 mL AR H, Jin 30 ug
i 4k MtDHFR [WREZR, [ 3 min J5 43 25 438
REBRIN E L3546, AAS i [ 5 i g R R o B
HHb =z 22 M HAREHEE (AA/min).
1.3.3 Ni*", Fe* } EDTA X} MtDHFR & 520

# NiCly. Fey(SO4)s. EDTA FHEE I W 2% whifk
Jic i 5 mmol/L %W 7F 1.0 mL [iff 52 28 vh i v,
TS [R) 23 B2 19 N2t EDTA Fe®", 435115 400 ng
MtDHFR 7E7K | 200 r/min 4 FHAS [R]FE] 5 Ni2*
5 EDTA fEH 20 min J5 i1 MtDHFR 400 ng 7K
FAERAS R R AR JSTER 25 CAnJR Y i
Wk
1.4 REFIKEE MIDHFR R R1E
141 TEILREREE MIDHFR

B MSP-COOH-F1 £ (120 g/L), H 10 mmol/L
MES ZZ i (pH 6.0) AYYE 3 RIFEE % 3 g/L.
NHS F1 EDC 43! H ¥4 10 mmol/L MES (pH 6.0)
e i 75 mmol/L. 50 mmol/L % . B 200 pL 7
BB (29 600 pg), ®4J145rek EIEE NHS
F1EDC 4% 100 pL (BE/K HE 1.5 : 1.0)2% &4 50 uL
AN B R vk 2 EARFR 200 pl, =i 200 r/min
P2 SN 30 min J5 77 mIowg sk, %3 0 C
A 28 vh (pH 7.0 % 10 mmol/L MES) ¥t 3 Ik
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JFEEZE 159/L, T 0 CHRAF (SR 7ET
B30 Cor—E i MIDHFR (1 210 pL [ & 2% o
Wb, Ayt A TR 0 AL R SEREZR 40 pL
(600 ng); 7E 0 C & s 30 min, 4:f# 3 min Ji&
] —WKo W IR REER P RN 5% v Pk
FEZE3 gL, T 0 CHAFHEM. B NIZ-NTA
T R [ Ay 3 00 ] il o

1.4.2 DB WA % 22 B BR G BR B X8 9 S 2 AR I 2
MtDHFR &

T 1.0 mL BSNAAZR A, 43 AE S A 50 pmol/L
DHF. 50 umol/L B-NADPH %) )52 )i 2% vh itk v fm
240 ug MSP-COOH-F1 % 1.0 ug fi}, 25 ‘C M4
JEW)INREER TG 5 340 nm 14 G1E Asao M HAEBEAE
TASAL T (AA/mInY, LA B % BRI 2 114 e A8
A T (8 52 0] o 0 R s B [ AT T, 7E 25 C
1) 1.0 mL EgR AR 75 pg [EERREER, LA
10 s [A]EZESE WM 3 min Y 340 nm AbTEYEAEfk, I
HEW AT (AA/mIn) B X 17 G
143  RE Wk B <€ L MIDHFR F1iF B
MtDHFR X MTX f i b,

T 1.0 mL BERVARZRS, N 75 pg [EE R
BRok 05 pg WEEHE, MOAFEZMWE MTX (L0-
10.0 nmol/L), 25 “CIE%] 3 min J& M & BT
FH OriginPro 9.1 LG HHI X MTX ¥ B2 X% 4w
IO fiff 2 FH A W5 S MEDHFR 1 1Cs0.

1.4.4 REREITKEE MIDHFR R E 1

B[ 8 BEREEE (3.0 g/L) T 25 CAKIB Rk K
%0 CHEEMRA, TAFBZIE 75 ng #EEk
SEMREYE s AT e AR A B 1) B9 AR 1k o
1.5 HIEAEFE

FASLI B 3K, LREERIR AT IE +
FRUE 2 (X£5); %] OriginPro 9.1 #4744 b
B Gt A PR A SPSS 20.0, t KM,
P<0.05 N HA B E %R
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2.1 MtDHFR FRi&fnaik

6xHis-MtDHFR i 3 £ ik J5 , Kl K &
Ni®*-NTA & HUZ 7 R alifl , PR 28 12%,
Feih e m 3 15 7% Hukukdn 3 Ik, E RN
30%, {H HL TG $2 BT 30% . 4l fb 552 21 % (%
1), AJ W, w4l MIDHFR 5 T3:45 . SDS-PAGE
BoRBAMBEMEDFET (K 1), 2FEAN
20 kDa, £F& il .
22 MIDHFR KK EH R ET pH B9
2.2.1 MIDHFR X K% %

KU TS Kinore 4 (4.4£0.2) pmol/L (n=3)
(K 2A), K naops 8 (4.720.5) umol/L (n=3) (&
2B), #B53cmkE Y
2.2.2 pH Xt MIDHFR & 0

7 pH 4.0-8.0 1Y 50 mmol/L B2 £h 2% mifi

£ 1 MIDHFR RiEGLHR (X+s,n=3)

Table 1 Expression and purification of MtDHFR (X +s, n=3)

MtDHFR JE R pH 34 i A, £ pH 8.0 B JL-F
JoiEPE (B 3)MtDHFR {514 7E pH 7.0 11 100 mmol/L

1 2 3 4 5 6 7 M kDa

5
55
43
34
26
20

17

10

B 1 SDS-PAGE #ill 6xHis-MtDHFR B9 %61k
Fig. 1 SDS-PAGE analysis of 6xHis-MtDHFR after
purification by Ni*-NTA. Lane 1: lysate; lane 2:

supernatant; lane 3: sediment; lane 4: flow through fractions;

lane 5: fractions eluted with 10 mmol/L imidazole; lane 6:
fractions eluted with 20 mmol/L imidazole; lane 7: fractions
of target eluted with 500 mmol/L imidazole; M: marker.

Purification steps Total protein (mg) Total activity (U) Specific activity (U/mg) Purified fold  Recovery rate (%)
Crude extract 135+12 30+1.5 0.2+0.1
Purification from 16+1.2 50£4.0 3.1+0.2 15.5 12
Ni**-NTA
Ultra-filtration 4.8+0.4 201.7 4.2+0.2 21.0 30
A 240 B 120 -
y=91.3x+22.4 1=139.4x+32.0
180 R=0.997 ?:0.49350 5) umol/L
=(4.7x0.
K,=(4.4£0.2) umol/L 90 KA ) pmo
=120} =
60+
60 +
30F
0.0 0.5 1.0 1.5 2.0 0.0 0.2 0.4 0.6
1/S (umol/L) 1/S (umol/l.)

2 DHF (A) %1 B-NADPH (B) &M K,
Fig. 2 K, of DHF (A) and B-NADPH (B).
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HEPES #l pH 7.0 fj 50 mmol/L R %k 2 5 ,
] pH 7.0 f9 HEPES 2 i 1 4 290,

2.3 Ni*-NTA #IREE MIDHFR K& HRIE
2.3.1 Ni*-NTA BZkEE MIDHFR & &7 8
T

11 75 ug Ni**-NTA R4k, Ffi MIDHFR JH 3%
I, E A R B R A (& 4), [
fbzs: ol (93+12) mo/g #EEE (n=3). [ EfLEE
&bl MtDHFR FHE 3 i g2y i 2 50e, Hix
KIS PR B A2 My i 25 W 1Y) 32%

0.10

T~

\I-——___\
4.0 5.0 6.0 7.0 8.0
pH

3 MtDHFR J&$H7 pH 3
Fig. 3 pH effect on MtDHFR activity.

401, Retention percentage (%) 7120

—a— Immobilized quantity (ug)

L 1 —
32 !/{ i lso

—1
24| /\
x
/ 140
16 =

1

Retention percentage (%)
Immobilized quantity (ng)

; 0.0
0 8 16 24

M{DHFR (ng)

4 75 pg Ni**-NTA BB E T 6xHis EE MDHFR
BB EXEMEMELERE L

Fig. 4 Immobilization capacity and residual activity
percentage of 6xHis-MtDHFR on Ni**-NTA MSPs of
75 ng.
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2.3.2 Ni**, Fe*' J EDTA XHIE Km0

Ni®*7£ 5-20 nmol/L Z [ %} MIDHFR i it
P e FE AN IR A R, 20 nmol/L N4 i ok
F 50% (I8 5A). Fe** xi MtDHFR i 1 %A B i
0 (& 5B). Huph EDTA X MtDHFR i 1 Al i)

A

0.04
—=—Ni*" (0 nmol/L)
—+—Ni** (5 nmol/L)
0.03 | —+—Ni?* (10 nmol/L)
= —v—Ni* (20 nmol/L)
£ 0.02 i\i\;———:
3 x .
3 \E\
0.01 F —
0 8 16 24 32
t (min)
B
0.04
—=— Fe** (0 nmol/L)
—e— Fe* (5 nmol/L)
0.03 - —s— Fe*" (10 nmol/L)
- —v— Fe* (20 nmol/L)
B 002 gt
3
<
0.01 -
0 10 20 30
f (min)
C

1.00 == AfDHFR+20 nmal/L Ni**, 20 min

= M{DHFR+20 nmol/L EDTA, 20 min

53 MDHFR+30 nmol/L EDTA, 20 min

= (MDHAFR+20 nmol/L Ni*") 20 min+20 nmol/L EDTA, 20 min
0.75 = (MDHFR+20 nmol/L Ni*') 20 min+30 nmol/L EDTA, 20 min
= (20 nmol/L EDTA+20 nmol/L Ni?') 20 min+M/DHFR, 20 min
== (30 nmol/L EDTA+20 nmol/L Ni?') 20 min+MfDHFR, 20 min

0.50 | T

025t

Retention percentage (%)

0.00

5 Ni*(A). Fe*(B). EDTA(C) *EgiE 1Y M0
Fig. 5 Effects of Ni**, Fe*'and EDTA on MtDHFR
activity. (A) Ni*". (B) Fe**. (C) EDTA alone and it plus
Ni®* in 100 mmol/L HEPES buffer at pH 7.0.
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HIKTF 30% HARHHH)E ; Ni** 5 MIDHFR 1
HiIJ5 7 EDTA X MtDHFR & 3K T 60%, 4
PRI O (B 5C). Ni**-NTA @EEE b & e
Ni®*, O] BRI 1 B 77 B EDTA REEIH
2.4 FHREFIEEE MIDHFR K HERLE
2.4.1  FRFLWETR X BEE W E BT

B I R [ A A [ E Ak
it A7) 3o S 7 By B ¢ 1 SR g I 4 B R, TR
TSI YR P VR T 8 A T T A I o T R 4
SR R 5y 77 A 1R 25 I TR R A o
A1 [ 7 AR B W o BN, MUR B RA DB
T B 2 82 W 00 I g U il 9 ) PTA T o BT R R
BIFRUE LT, AR BR AT B N X 340 nm 6 A
A B R AR/ o #E 1.0 mL B B AR R,
150 mg/L FRIE/EEK .50 umol/L B-NADPH #1150 umol/L
DHF K HIR AW, 7 340 nm BT Asgo HoS1E
SEARJE; TEWF S AR, AN M 75, 150,
240 mo/L FRFLRERR , % B BRI il S 3k A )
EWEES WIS MR TC R o DRI, R RN ] R i U
FE TG T . AR S B [ B RG R =,
5 R B 0 R 1
2.4.2 REWEIRFEE MIDHFR B RFEE

WAL R ILRE TR Y 600 pg, MtDHFR FHETE
5-200 pg Z[al, REEfRAEEARNE (K 6); I
KEEEARA 5.2 pg, XF 07 HEE L7
(8.6+0.6) mg/g BE¥E (n=3). AN/rEHEEE, ELLER
S [ A T S 07 Ao R I 0 ] AL G 1, B AR
[ 2 T it R EE T PR 7 E B s Ak an &l 6 iR . 7E
2y 600 pg WEfLRIEREZR T, A MtDHFR & M\
5-200 pg FEA7 [ B, BEBR [ A fh e ) 200 L
DREE H A SN B AR 2 A0 , 7E M i 10 pg
B H W TG R B 87%, 1 fili & 20-200 pg Hf
T 2 1 il 00 L 5 O B L RS E TR 75%. A
TR B8 1 BTG 1, PEPRRG R © WASKE LM 1060,

&: 010-64807509

100 ¢ . 112
—=—Retention percentage (%)

—+—Immobilized quantity (ug) r‘i’
\’? =
< En
% 75f 1 I {8 E
& T =
e 5
5 S5
2 E
g A I i 3
£ 50} 14 £
= g
2 £
>} —
o

25 1 | | 1 U
50 100 130 200

MR (pg)

B 6 HREWMKETHERE
ity = A M 52

Fig. 6 Immobilized quantity and retention percentages
of apparent specific activities in response to amounts of
enzyme added for immobilization on MSP-COOH-F1.

2.4.3 VEEHREMIEREE MIDHFR MEFR
7 1

Ui 1 R LG ER [ 72 Ak MIDHFR 75 5 28 if
W0 CLRAF 16 h iETESTC UL (K 7); WEes
MtDHFR 7£ 25 ‘C T R & il HHARAF 2 h Ja T
ZEFEAK, 4 h FFE#IE 10%, 16 h FEKIT 60%; [#
FEALT 25 CLRAE 4 h G JI{UT R 4%, 16 h TFR#EY
35%. TEIRG WIS, MECIARSE 445G e ik
Bt 2\ Ay B VR AR, RTINS 4 h,
O E A MIDHFR B2 P /2 IR S P i oK .

EeBI R EE L EX A

0.10 .
—o— Free enzyme (0 'C)
—e—Free enzyme (25 C)
—s— Immobilized enzyme (0 C)
0.08 | —v—Immobilized enzyme (25 C)
s T3 —
= \!\I
2 0.06 \
oy &
004 g —8— ; = z
\i\i
— ¥
0.02 . '
0 6 12 18
t(h)

B 7 FFEiEREHIKREE MIDHFR B2 E 4
Fig. 7 Stability of the free and MSP-COOH-F1
immobilized MtDHFR.
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2.4.4 MIDHFR REBIKEEHIEXN MTX B
1Cso
MIDHFR 7E&R FEmE 2R F [ ERiJa X MTX A9

ICso JLiEE 25 (P>0.05) (K& 8), H.&RH STkl
L5 R w0, ] MSP-COOH-F1 [ &
b MtDHFR 38 £ i 326 3 5 2 A il 551
3 Wi
AHFFE A EE N iy 6xHis FR2E ) MIDHFR
ik # 1Ak pET28a, 1E E. coli BL21 (DE3) (3=
HFRRIAfl, BRI, RIRIREER 1 fh E Al
MtDHFR A i # 25 . 6xHis-MtDHFR i i H
6xHis #7255 Ni®*-NTA BEERIEA , T8 T8 s
PR E AL, ABANE G T 1% 5 B i MIDHFR 1Y
EEER R . B AE, NIT-NTA BBk 6 fb R
BVEPEARAG . VR, Ni*-NTA ZE48H 6xHis prsg
it 52 5 WA X pH BUS%, 7E pH 8.0 & DL
A EA REERE [ fLRAS o (B2, 6xHis-MtDHFR
7 pH 8.0 B £ B3 10 18 M AR ALK T A - 0 22 411 il
Mo AHR, MIDHFR ZERRFHA 1 i 24
(Lys-53) M N {43k, —4i45# (PDB code:
4KNE) H, I 2 R S N S {11 22 JE A0 3z 5 7 4
o7 5 23T A B T R R TR R R IR

1.00 -
= Free MtDHFR

» Immobilized M/DHFR
0.75+  »=0.680x+0.135

R*=0.995
1C,,=(3.5+0.3) nmol/L.

0.50
1y=0.616x+0.095
R=0.994
IC,=(4.6+0.5) nmol/L

Inhibition rate
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Fig. 8 ICso of MTX against free and MSP-COOH-F1
immobilized MtDHFR.
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