4

ERNFRBERTEZANEAN o-FAEEE A BEENET EHR

F4%F, KREW, &7, BRET ChERSSSGETIBNES, F5R 5 RS BR D TP S0 R,
5 2% W B A B R A 24 W R A 9 S A T S0 0%, BT 102629)

FE.BN A THARSHFREANSEHLA a-FAEF B A (recombinant human a-galactosidase A, tha-GAL) B & ] &
BT R GRS B R BN AR A AL E 69 tha-GAL B & b 52 75 % 7‘7_% WAL B 7 )G 69 R E S A
¥4 50 mmol « L~ s a8 B K B -q-D-vib vy K B 5 09 h RS BRI SRE A 1. 67 pg - mL™, F 37 °C7]£;»6\ A B 15 min JZ,
N H R L% b ik (pH10. 5) 0k BB, SRR BEARAUAE 400 nm ik K AR E Z 3P AR OL B AL, BR 5kt A
P R4, tha-GAL 72 (0. 83 ~2.51 mg - mL™") (r=0.999 8) i & ik &8 B W &5 BEAT 5L ik 5 2 F’a%éﬁﬁ’k‘if: % ;tha-GAL &
50% 80% 100% 125% % 150% 3k fE A F 332 %5 3 49 Wik % f2 94.2% ~101. 8% £ B A (n = 18) , 0 & 2 R 69 % 5 A 4
(CV)££2.0% ~5.5% (n=18) ; Fl — Ak S i i 19 12 JOmk 0] 2 2 B9 CV 34 2. 21% 3 4 55 4k % P 49 K36 38 E A
o B 18] Fe JR A R AR AT R AR w , B R A\ T RN AR LRGN RT2~8 CAMX 48 h#BE ik
UF 5 K 3R AR B A2 (0.01 ~0. 15 mmol - L™') (r=0.999 7) (e AL L H A ZRIFHLEBEX RS MRAKTFH @
WEE 4. 9% ~105. 1% Z 18 (n=9),CV I T2% (n=9);RAZEIM2AC LT FhtdBiEl, &1 £1T 4
R EMNZ tha-GAL 9 BEEW , Z 5 2 FRES HEERAERERE, TH T rha-GAL = %6 B & R iIEFN 2
=4,

KB F RN EBERRT R TAA a-F U8 A BEE N T ;A& &R ik 7 ke
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Activity Assay of Recombinant Human o-Galactosidase A for Enzyme Replacement Therapy of Rare

Diseases

WANG Liiyin, ZHANG Xiaoming, LI Jing“ , LIANG Chenggang * (NMPA Key Laboratory for Quality Research and Evalua-
tion of Biological Products,NMPA Key Laboraiory for Quality Research and Evaluation of Chemical Drugs, Division of Hormone, Nation-
al Institutes for Food and Drug Control, Beijing 102629, China)

ABSTRACT . OBJECTIVE To establish a more sensitive, simple, accurate and stable method for determining the activity of recom-
binant human a-galactosidase A (tha-GAL) based on the kinetic theory of enzyme reaction and study the assay conditions for the activ-
ity assay. METHODS The optimum conditions of the assay system were as follows: 50 mmol + L' p-nitrophenyl-a-D-galactopyrano-
side was used as the substrate, the concentration of the enzyme was 1. 67 pg + mL™", the reaction was accurately carried out in a water
bath at 37 °C for 15 min, then the reaction was terminated by glycine buffer (pH 10.5) , and the absorbance was measured at 400 nm
using a microplate reader. RESULTS The method had good specificity. Rha-GAL showed a good linear relationship with the enzy-
matic reaction rate in the range of 0.83 —2.51 mg + mL™' (r =0.999 8). The recoveries of validation solutions at 50% , 80% ,
100% , 125% and 150% concentrations were in the range of 94.2% —101.8% (n=18), and the CVs of the measured results were
between 2. 0% and 5.5% (n=18). The CV of 12 independent tests of the same sample was 2.21% (n=12). The effects of slight
changes in water bath temperature, reaction time and substrate concentration in the reaction system on the results were investigated ,
confirming the good robustness of the method. The reconstituted sample showed good stability when stored at 2 —8 °C for 48 h. p-Nitro-
phenol showed a good linear relationship with the absorbance in the range of 0. 01 —0. 15 mmol « L™"'(r=0.999 7). The recoveries of
p-nitrophenol solution at five concentrations were in the range of 94.9% - 105.1% (n =9),and the CVs were all below 2.0%
(n=9). The activity of two rha-GAL products was determined by this method. CONCLUSION A chromogenic substrate method
was established to determine the activity of rha-GAL and validated with good sensitivity, precision and accuracy, which can be used for
the activity evaluation and quality control of the product.

KEY WORDS:: rare disease product; enzyme replacement therapy; rha-GAL; activity assay; chromogenic substrates assay; method

validation
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WA 2502 TR YT 2T 5 2 DL 1Y)
2y, XSSP A A0 AR 2 W e B R IR YT T
Bk 22 g s o VA EEAIE U (lysosomal storage
disorders, LSD) J&—7i15 it f P 2R B UIAH SC A A5
PEZE DL , H TR AN T 5 i 28 ) B0 1 79
S5 e B S A T TR AT S53R  TH AE V BEHA rh d
IR 51 R IATPER 2 T 2 RGN . A
B — AT X PR Bt a-R LR G A
BE LRI 9748 T B a5t A% Pk v AT BURE , A A
FEE A W% B 5k, B AT 15 (enzyme replace-
ment therapy, ERT) 52 H Fj 2 N & A 67 T
B B T i s &k FA 2. B B i B
(fabrazyme , ¥ 45 ¢ ) F1 B fIOBE T o T S FH ¥ V5 WK
(replagal , 5% 1) 7350 T 2019 41 2020 FE7EF =
o B, HETROCE= 20 Bl R BIA
a2 R A E A DNA EORAE AN a-2F 30
i A (recombinant human a-galactosidase A, tha-
GAL) , i3/ — P RE W FF S PR AL o2 FUAE A 1
WSS A (neutral glycosphingolipid ) 43 T /K fi# 19 A
R IARRR Ve AK S i o X A LA -2 ZLWE Sy A i (1) v
PEWERE NG £ 22 M AL 20 = C B (globotriaosyl-
ceramide, GL-3) , A 135 2 L HE A 28 I ¢ ( galabio-
sylceramide ) (78]

rha-GAL(EC 3.2. 1.22) j& —Ff A X 43 7 i i
2y 1 x 107 ()R SRR (1, it 2 SR T
TR 5 x 10* (I FE 41 AL, 44~ T 3% 75 398 A~
B2 . A rha-GAL @ VIBRAE 5 K, 5 7E 4
A N-FERRAAL S A , 2R 1 7 B /5 WL
e 8 H R AR-0- TR (MOP) 52 (A4 5 1) A2 4
I AR BEAA" o S — A G 2 RS 1k 1
o T 2 PR TR T S I I 2 7 AT R Y G
ST R R, BIFTT A TR e v DR AT L A AR
JE AT 1 D00 7 ¥ 0 7 i ) Jo i A ol 2R OC
B, HAHT, E BT R AT DA tha-GAL #E 47K
il 05 UV ) A I 5 FETEHT M L 20 5 S 26 IS 4-
P e T Tl 5 -ce- D -k g = LW 7 0 A 5 )58 ) %) i
BERTE-o-D- LR~ FUBE Y , 18 5 7 o Bl R IS ) 7 2B
B3 4- B A T 1 5 0 35 A 0t i 55 2R 1y
R TEE . ZECRRYEA HZOE 0B THR K
N5 T 11 7 s A T 2 1 IR 6 IS ) B OV T R
4-HU BB A9 5 DGR, Hy T 4- 1 BE < HE i 1) 920
IR, AN BRRE TR HER A T s . 55
JCIRPIEAREE , A= (OIS S i [] BE L, 7 M % i
BRI RS E o HIZ7 R AR 20 5 A it S

FIE 22k 2024 4 4 H 5 59 45 8 M)

O A X B A P, AT 28 T B X i S
Pl ROV SRR Y, FE R B BOF I T &
W, XA 2 R MR AR S N R, HAE A Vil 2 T 3L
TR A 72 o DRI, A a0 X AT ) I P
TETTIEEATIAL , 1 — 2 3 0 15 1 RV R
FIRG L o

AW ST LA BV 3 1o B 4R S, 0 AR )R
Wy e P A AR 2 v B IRk BE R L 2 e )
pH {E S I 8] #E AT 1 A0, M X il 45 2 1 £
400 nm PN I EE IR R BORHZ W) Tk AT e
SRS TS R DR BT R AR S B9 tha-GAL i
DN SE T i, I B PR N T 28 e EE MR B A
SRR (ICHQ2) (EAT T iRk 5t

1 UEFE5RE
L1 fU&

Z I RERGEARY ( 35 E Molecular Devices 2\ ), %
5 :SpectraMax M5e) ; {HIR /K554 ( 32 [E Thermo Sci-
entific /5 H] , 52, HAAKE S30) ; H, F K - ( MET-
TLER TOLEDO /A ], % 5. AG245) ; ¥4 /K Hl (22
Millipore 23 ] , -5 . Milli-Q 1Q7000) ,
1.2 &K%

rtha-GAL 7 fi (4ol A, B} = B #¢, it 5.
DW0305 . DW0306 . DW0283 , £:Jfi 5 mg) ; tha-GAL 7=
m (4 Mk B, B = B O, it 5. TRVI22A04,
TRVJ18A01 ,TRVB04A06 , £33 3. 5 mg,3. 5 mL) ; X fil§
LA T -o-D-AL IR > FUBE T 0 A B2 2R By AT AR TR —
KRG TR 88 H =R A A A s
HEH A (SEE Sigma 24 F]) 704l ; SR HIK
JyatifK .

2 HES5HR
2.1 ERHE A
2.1.1 FRRgohil FREUIEIR— /K G5 94. 15 g,

ToK IR A —4M 4. 30 g, finzk 900 mL, iIfA 5% 4
IL7E A A 20 mL, JRA) J5 I A2 W pH (H
WA ZE, LA 1 mol » L™ MIBR IRV 5%, 10 mol - L™
SR AL WU T pH (E = 5. 00, ok i B =
1 000 mL, DAFRREGE MBAE 25 LA

2.1.2 RV FRIBOG A R - - DN o
BEH 15.00 g, ARG RS ik 1 000 mL, T T
PP S) 90 min B 5B, TS 1 L & 46y
BRI -o-D- ML I > LA 50 mmol 1Y JIRIVEWL, 53
BHAFT -80 C,
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213 ZEZbi FRICHER 37.54 g, oK
900 mL 7543, Lh 10 mol - L™" & S Ak 4 5 T 1
5 pH {HZ 10. 50, ik #RE 42 1 000 mL,
2.1.4  fAER B rho-GAL, BRULH] A3 e
SYHIKE ¥ 9% 1 mL 3% 5 mg tha-GAL IR, K
PR W, So e L HEAT 2 UK 10 A5 R, 1A
30 i, 3 K ALH B 3 000 i, B A 1 mL &
rha-GAL 1. 67 mg FHHK SH I -
2.2 WEFE

T 37 CoKIt P REOCAR AR TA W, B2 A [
TR FEA VA, B IR YV WA T 37 C R (A
5 h)o ORS00 L, fim A 2k 22 v i
500 WL, ¥&5] 5 A bR A BC 1Y 6 AR AL GE b 6 1L
R O AR B o A o, A IR e 2 B R
BWRAE 96 FLAR B TE G FE

R EURYIIR R 225 wl T 1.2 mL U8,
BT 37 CHRIE S ming HIHME AL 2 5
WA 25 pL,jEﬂﬁ‘Hﬂ',ﬂ:?ﬂ °C #EHf )2 W15 min, il
AL M 250 pL. WA JE LR S R VIR A
K 200 WL T B 96 LA, 4T TFBEAR X Y O
PRARALIE , 7E 400 nm JFA T 28 R A
MG RE . 15 BRI , E UR A Bk i iR )
A: 1 ol « L™ XA ) T 7 B Wl Rl 1
VRSN U, #2050 1 R s

T

i =500 SRR )

AP TP B 1 mg rtha-GAL 1 i 15 4
AOD o Ay P S LR 5 28 LA OG22 22 5 At
Sy LW E1S ming e O BE R OG R OB
18.3 L - mmol "' -cm ™ sp N EG R E, 45 mg -
mL ™" 520 S A TR SRR 2 P AR R AR A
2.3 FEfk

it 5T 2 AR SO AR A2 DA e R S 7 8 SRR SR A il
b, PRI X AR 52 o7 A 2R v A O B S 3 2% A
Al , A S s A T T B R RV
2.3.1 JEYHE B rha-GAL, JE“2.27 T F 7k
5 HLAE IR P BE 33 9 0.5.,2.5.,6.0,12.0,19. 2,
36.0.,42.0.48.0 mmol - L' [ AYBEIG P, LAE M Hk
JEXF LR PEVER], 1531 Michaelis-Menten J5 2, 145
S K MV, K, 2 5.0 mmol - L'V, K
88 U - mg™', MR IE RS AT, RN BT
B INCAELE P Ey VN9 iE 78719 %A Ui
o e FE AR LG, W 1 AR R i S Bl ) o
I, ISR W R P S ~ 10K, , AR Tk R
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25 ~50 mmol » L™ [v] i ¥ B 25 45 %5 JE K ¥ 4 F
MR AP o IR IR SR T O e E IS VR T
(100 mmol « L™") , 2y 1 42 5 IS 490 1) V% i 1, SR
& CER) G i g kAT B, A LI SR A A
TRER S, HEARE A Pt 22 B W T 3k R 6 T
ARSI 2R T ICA AL ) 14 8 2% o Y 1 ke 2
50 mmol + L™ (10K, ) MG ¥V WK, 7T 59 8 78 43 0
fiff o I AU SN A ZR A R A 4 T A
L RSN R PR )5 i A BE O L T RO
SR BT BRI YIRS B PRI E R 25k,
BEPE 50 mmol + L™ (ICHIR BEEA TG MR AE

100
80
60

40

Specific activity/U-mg’

20

Y T T T 1
0 11 22 33 44 55

¢(Substrate) / mmol.L"!
B &R 4 ik 3B R R R 2 8 % 7 (Michaelis-Menten
%). n=3,x%s
Fig. 1 Effect of substrate concentration on reaction rate

(Michaelis-Menten curve). n=3,x s

2.3.2  FFRERE  HeRRC2.27 TR ki E R
[ B4 (12 000 .6 000 .3 000 .1 500,750 .375)
XJ IO AN [ it ot 5 e B2 (0. 42.,0.83,1.67,3.33
6.67.13.33 mg » mL™") {42 i 5 10 Al A1 52 i
3 (AOD,y, « min~") | 25 5 H vk 8 15 S 1o el 3
MK FR . H4E Michaelis-Menton J5 #& , 4 il 57 1 4 [
/N TR BE T 5 0 i 23 5 il o et R B B AE L
> S A R TR B AR R, JIC Tk B 1 B e 2
{5175 S 3 RSN AR 08 A () Tl BT o R B AE
0.42 ~3.33 mg - mL™" [, J52 J7 3k 256 55 il I o5k vk
AR ME B s 2 o A M B R B Wk E R F
3.33 mg - mL‘lHﬂ‘,fiﬂjﬁ%iﬁéﬁﬂfﬂﬁfﬁﬂ’vﬁd\,KEE
it Jo MR BE LR G R, LI 2 W] DL 4
INFEETF3.33 mg - mL ™ AEEIR I IR
J¥43.33 mg - mL™" B, BEAR AR 0D,y K7 4. 6
LAy, T AR BRI LR 4.0, T2 il A
JEH 1,67 mg + mL~" B OD,, BEECK 2. 8 247, 84T
b Ab A4S A U T PN, AT okt s R A R o A I
RN M 1. 67 mg - mL~',
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04— A

0.3+

0.2+

v/AOD,, -min’!

0.1+

0 T T 1
0 S 10 15
p/ mgmL!

03 L
¥=0.978 8X-0.006 6
7=0.999 6
e 02—
E.
a
Q
g
= 01
0 T T T 1
0 1 2 3 4

p/mgmL"!

A - tha-GAL M F L 0.42 ~13.33mg » mL VRN B - rha-GAL BT 0. 42 ~3.33 mg - mL ~RFAY S R

A — the reaction rate when the concentration of tha-GAL is 0. 42 —13. 33 mg - mL =1, B - the reaction rate when the concentration of tha-GAL is 0. 42 —3. 33 mg + mL -1
2 EAAN «-FAHEHFH ACha-GAL) EFFBEREXKE THREEE. n=3,xts

Fig.2 Reaction rates of tha-GAL under different enzyme concentrations. n =3 ,x +s

2.3.3  JepibfiE] B rtha-GAL, BE“2. 27 TR J5 i
05 AN [ 52 B 18] (2,510 15,20 .30 min ) A {2
JER# A (ol + L1« min ") 25 R ILIE 3, fE
JLESA] 2 ~ 15 min PN, SN R BONERE . BEH
MEAL S A EA T, MR L AN AR, o 10 3k 3 oA
Hhg . SN A G 1S min 5, BOW I RIT4E T
Rk o FR T SO I ) ARSI, 0 5 R 22 K, AR S e
FE 15 min {50 KW I TRLHEA T RS M €

6.5

o
o
1

v/immol-L"-min"

L
wn
|

5.0 T T T T
0 10 20 30 40
1/ min

B3 rtha-GAL R R R IR N#EE. n=3,x%s
Fig. 3

Reaction rates of rha-GAL under different reaction

time. n=3,x s

2.3.4  FBEZEMRAY pHAAE 2N S R
MR, B B3R N LLSE, B4 66 g pHL L B 5
JEE RV EE S AP AR pH (R R R 11
SR ASSLG R AN [R] pHL A A A 8 22 oh i) o 116
AR . SERECH] O ARORTR] pH A ) 7 B 22 ph i,
4354 3.04.04.34.55.05.5.7.0.8.0F19.0,
i B wh i pH (BN 5. 0 B, 52 3 R e K, G )
fLRE 1 ik, pH E/NT 4 SR T 5.5 B, 5 1 5

FIE 22k 2024 4 4 H 5 59 45 8 M)

ig pH I, 1o R o S BSOS T, AR S R
BE TR, LLS.0 dkid pH {H, 115 tha-GAL 1
A pH 2y 5 (R PR BE oo IS 4 AT 7K A 1
W) D REARIE Y . DL 4

75
6.0
45

3.0

v/mmol-L!-min"!

B4 rha-GAL %l pH 4/ T8y R %, n=3 ks
Fig.4 Reaction rates of rha-GAL under different pH condi-

tions. n=3,x xs

2.3.5  VRBEAESFURE /RSN ERT iRY7 ™
it , tho-GAL S5 284 AN A 48 A 1% V5 AR v i 4% -
IKARVERT o 4R N AR JIRLRE , 2645 37 CHER
D7 B RN B o 7 75 SR B R B K — S e R R
B, 22iale ] 1 7 PRk B A [ R R 22 v i
A58 510,20 .30 .40 .50 160 mmol + L™, %%
FEM TR G v B A [) 1 A T8 2 o U0 45 %) il 9%
WA B E 2% 5 (419.24 424.71  414.40 421.92
416.56 417.83 414.51 U - mL™',P>0.05),

3 FEFWIE
3.1 LREK
DA rhai-GAL 55 G bl 11 0y SR 25 9L
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i PR 2 B AR A 3 ot VA YA S R i 4 IR, T
rha-GAL 2R3 2. 27 W R 75 i b AT 2 o ikl 23
FIVA W B 528 FLVATRORT tha-GAL [ 5657 J3 5
435024 0. 887 ,0. 886 ,2. 734, 3 WIHE i Hh 1) 4l e} 3
J %o it T P O 2 TG 4
3.2 FHEEEE

EN AT e - NE W NI NG sl P i
V5 T FDRS 5 B2 1) 2 ), SR AR B 22 ph 4T rha-GAL
VSR (it : DWO305 ) #1777 B, A5 2] 5 /> il T 2 vk

R1 TEAMBEAF tha-GALBEEREMNEER . n=18

4 0.83 .1.34 1.67.2.09 2.51 mg - mL ™" [l 75
WL, tha-GAL ¥ B 7K F-43- 51 2k 50% .80% ,100%
125% }¢ 150% W1 2 455550 N G145 2. 27 Wi T 5k
£ 3 d WIHATERE PRI , R B N E W 3 K,
B LA 2 85 R E I e, 45 R R 1. 54>
His KT 00 5 A 1R - JA0 .43 ) Oy - 411. 69 ,402. 74
403.15.390.51 ,379.83; 48 = Z ¥ (CV) 4> 5 Ky
2.00% 3.33% .3.42% .5.53% .5.51% , % 45 v i)
KB Al bR UE( <15% )

Tab.1 The results of tha-GAL activity measured by different dilution ratios. n =18

Concentration Analyst A/U - mL !

Analyst B/U + mL !

levels/ % Day 1 Day 2 Day 3 Day 1 Day 2 Day 3
50 403.70 441.70 422.06 416. 12 374.26 426. 16
383. 68 450. 66 417.38 423. 08 388.52 435.92
396. 42 431.74 431.74 389.28 377. 44 400. 54
80 415. 54 440. 44 407.76 394.38 384.99 380. 46
406. 04 442.26 411.03 387.28 391.71 377.25
423.90 430. 08 414.53 391.71 386. 26 363. 65
100 398.22 402. 67 407. 24 387.26 409.71 423.22
396.22 406. 02 405. 08 388. 70 391.35 442. 87
395.73 404.70 401. 35 384.95 398. 69 412. 69
125 409. 08 394. 40 399. 19 377.71 374. 46 387.21
406. 23 392. 60 396. 92 383. 16 370. 31 396.92
404. 11 394. 16 402. 42 374.62 366. 52 399. 19
150 385. 15 384. 67 375.32 368. 19 376.03 393. 87
383.58 380. 57 380. 43 369. 58 374. 44 388.91
384.37 381.45 373.51 371. 81 372.95 392.20

33 #4844 {0 Y 4l AR ¥V =0.911 6X +0.067 9,

L[] —Hit tha-GAL (L5 : DW0305 ) , Hy 2 45K
B N R4 2. 17 TR J5 i A7l 45 6 0y, 78 [H)
— R NHE“2. 27 T 0 5 00 B PR o 12 sk
At VA TR I A 25 SR A S 2 {2 403,10 U - mL 7',
CV 2 2.21% fF A EE MM HEZIRE(<10% ) .
3.4 BHE

DA SCH [R5 R B 5 0 o 45 2R )~ 241
YERIZAE R tha-GAL (5 : DW0305 ) fiff 1 14 (1) 2
F(H(403.13 U - mL™") DI BINE [ S5 S H 2
] ) AR B ISR (A2 2) SRV ERR . & 1
S AR B KO (50% . 80% ., 100%  125% Fil
150% ) 1) [E] 4 2 4 B Sk 94.22% . 96.47% .
100. 01% 99. 18% .101.81% , ¥J7E 90% ~ 110% 3
FELIN , A9 6 Y (R BIEA R E (75 % ~125% ) o

ISR (%0 ) = Tl P00 2 {8/ B S 1 2 51 x
100% ~(2)
3.5 LM5EH

PL“3.27 TR 5 A D 1) I A S vy T 3
(pmol « L™" - min~") Z25(8 A X i, LUAR I (49 &
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r=0.999 4 RERFHEF 1.0, RIFAR T IETE 50% ~
150% WFi B KIS N BA RAFI 2Pt
3.6 WK

R SN SN A ) RS T e L VAR
XS LI ZE R A5 . B rha-GAL, #2182, 17 T
7 A B AR, B R 2. 27 R e K
B BE 43 B B M 36.5.37.0.37.5 °C, i G
P 5 8 1) — 03 (At S A BN = i L 43590 g
14 15 16 min J5 ) 2 il 36 P 5 Bk B2 o 45 .50
55 mmol « L™ {EPIA A T2 b Rl — 3 sk i v
WIB ST . S5 RTH, LRSEOR AN ELRT,
MBS R CV B/NT 5% , J5 iy AT G ] 2
ZHME(<10% ) (% 2) .
3.7 BERBERNAENRE

W rha-GAL VK & JG AT 2 ~8 C, 44
T0.8.24 48 h WA UEAT BTG D . F 5 8.
24 A8 h AHXTF O h g 1% I 45 R Z b, 4351 ok
98.34% .96.86% . 94.12% , ¥J £ 90% ~ 110%
Z [,
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F2 rha-GAL BgJE AN 7 ikt Hl 5 R4 R
Tab.2 The robustness of activity assay for rha-GAL

Condition Activity/U + mL ! CV/%

Temperature/ °C 36.5 391.73 2.44
37.0 404. 65
37.5 411.01

Reaction time/min 14 400. 23 1.03
15 406. 59
16 408. 08

Concentration of substrate 45 401. 60 0.54
solution/mol - .~ 50 398.51
55 397.46

3.8 Al E KB RN L E

AT7 1 SR B (] N tha-GAL 7K i Jic 97 7
A1 wmol « L™ X RYIEIR W T 75 (OB 1 A
PR, SR T 6 2R BOE X 7= 9 5 i R B R AT
o B, BR T SRR B 5 il 2 S 0y o R I 2k
KR LI, i 10 75 5250 il 56 2R Wy 5 6 95 B i R M
Bl o MRAE 3. 17 T A i 25 3 W00 T 435 2R ]
AP RAE 400 nm AEFATE R = I SOGR R,
PR A B S IG5 8 T A () 0o i AR
Wi o ARSI SN AR 2R, T 3R 5 AN R B X i
FEIR T B I W A SRR A 2 11 22 vP R,
1 DU E A VA IE 400 nm BT 1906 %5 B TS0 il
SRR BE DT P (0 Xo) i 5 2 P 7 A Y00 30 Bl A )
TR 2 TR %2 o
3.8.1 MEWREE  OREEARBOT A AW 27. 8 mg T
25 mL B, A2, 17 T F B R R I -
P B ZIRELR, B A X Al S A B vk B 8 mmol - L™
FIRPITE . K2 8 mmol « L™ X il SLZE ) 1 K9
VW0 W B R B 1L 3 Wi 25 2R 87 0. 02.,0. 04
0.10.0. 20 F10. 50 mmoL [ &1 2% wh ik, LA Wi
R HEWR . T RSB P o im A SER R
2R GE R, B 200 pl T 96 LAk, AT A
AR FRARALIE , 75 400 nm K E OD, 345
B AOD g0 AT 3 ELH, BRI L T e
3 0 T W i 4 SR YR, 8 S T O RBOE AT
B HEE PR B 1) 2 JEE JR Wl B 3 3 5 TRl ffe 2R () L
SIS L) RN HERR R, e 45 R W 3. A
SRR GEIR  JICE R P OR A JER  FEe k
B 43504 0. 01 .0. 025 .0. 05 .0. 10 #10. 15 mmol - L',
5 AUREE AKCF- 1 [ ZE I3 7E 90. 0% ~ 110% Z [1] , [5]
RIS
3.8.2 M5 DIER3 PXIREARE A EELS
WREEXS 3 YOI TE Y AOD o0 1F 181, 25 R WL 5, 2tk

FIE 22k 2024 4 4 H 5 59 45 8 M)

FH R R Y =17. 60X +0.015 8,r=0.999 7, 7K
i F= W RS LA/ TE 0. 01 ~0. 15 mmol - L~y iF
Tl Y 50 % R B 2, XTI AOD,, v [ A
0. 183 ~2. 745, %365 [l AT I8 5 A< 77 325 il Jox o vk J3E
W (0. 83 ~2.51 mg - mL™") {75 % Xof il 3
s - TFRR(0.05 ~0. 15 mmol - L™")

7 Y=17.60X+0.015 8
7=0.999 5

T T T 1
0 0.05 0.10 0.15 0.20

¢/ mmol.L"!
B5 XA TRRETHLEE n=3.5es
Fig.5 Absorbance of p-nitrophenol under different concentra-

tions. n=3,x +s

3.8.3 KW TSR 3 S R EE IR By vk K
Sl CV AR, 43518 0. 47% (1. 55% 0. 93 0. 90% Fil
0.25% , A& )7¥4E 0. 01 ~0. 15 mmol « L ™" XFfig L4
W Bl RS B /N T 2%
3.9 ERIE

KA X E BT RRD tho-GAL 7 i #£47
B DN 7 , BRALRE AP AT 48 3 03, ok B AR = Al
A 13 it rha-GAL 7 i 1 LEIE 153 71 4 82,37 81 11,
84.51 U - mg™" R [/l B 1 3 4t tha-GAL =i,
B HCIEPES> BN 79. 74 88.39 #185.72 U - mg ™',

4 WHigEER

T 9 25 UL R B A B M 2 000 77
s ERT 2 W% IE T BF S 25 B A o8 4 1Ot = 4b
P ERAR B 8K 0 3 45 2 D FH 245 i kil A AR
77, B ERT 22 UL i 25 7 i 19 JF & 1E 2 3 &
JEIPR SR ERT FE S R E NG H %
AEIALAL S 2 8 1, FLR R P O i I
BANEE N AL I & 2 EZE R ARBR AR . 1
4 rha-GAL [ OB B it J& 1 , B 1 00 2 7 2 A0
A5 LA R T HES 2 o B T AR R T
S EPREP, WO E A R S R R L T2
A T TR A AT P AR AR R S

A ST A= 8IS A 1 T AR &R B G B R
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R3 MHHEEBEIEAREREMNELER. n=9
Tab.3

ecoveries of p-nitrophenol validation solutions. n =9

¢(p-Nitrophenol) /mmol - L, =1 Test Mean AOD40 ¢( Experimental ) /mmol - 1, ~! Recovery/ % Mean Recovery/%

0.01 test 1 0.192 0.010 104. 74 105. 07
test 2 0.193 0.011 105. 65
test 3 0.192 0.010 104. 84

0. 025 test 1 0. 434 0.024 94. 94 95.51
test 2 0. 445 0.024 97.19
test 3 0.432 0. 024 94. 40

0. 05 test 1 0. 89%4 0. 049 97.73 98. 56
test 2 0. 900 0. 049 98. 39
test 3 0.911 0. 050 99.55

0. 10 test 1 1. 815 0.099 99.19 98. 83
test 2 1.790 0.098 97.82
test 3 1. 821 0.099 99. 49

0.15 test 1 2. 642 0. 144 96. 24 95.97
test 2 2.633 0. 144 95.92
test 3 2.629 0. 144 95.76

BEAT TAA MR T S I 3 ) 2 BIE B E T i i
WHe B AR E SN IR 1] 7K ik B8 A0 B 2% o i
i pH A, B2 1 feod B4 SOV A5 1F o SR ATZ A1
WA 1 Pr et RO SIS D 2, Ak e 1 i W B TR WD AN 2
VAR TR, R 1 BRI S, S T A
AR BHURE o ANT5 305 DG ol FH KT i 258 1 B E o, £ 755
TREINSCR A TR AR, R LR SRR
B HIRAE tha-GAL BIRGISPE. MR 4G ICHQ2 X i i
SEHYJT IR BEAT T S R I T ik A B E, 2R 50%
80% .100% 125% F1 150% 1L 5 > A~ [w] 14 il 4 B¢ 7K
SR i R F TRDRS 28 5 AR R S i aed X ] — 13
P AR 12 YOE PR BN . A, BRI
RSSO RE S S T RS ) 3 B2 O R 2 S B 45
AR . RIEIEHIREGR T 2 ~8 CA7TL 48 h
J5 AR EE BT o DR X il R 7E
RN Y B P T B v A o, R IR R C A S A
AT JSE F18 X 5 2 T R, %5 5 X i R O i ik
SICE LS R | il 5 A R K- E {H
RS FHBE AR A IRl 77 73 FE L S A K 9
AN SE S5 SR CV 2 B0 it 4 Py RS 00 05 ] N 1 o
BREEFIRS R o e, DA SRS B 7 i,
T AN AR Y rtha-GAL 7 dh BB o

Lk LTk AR S T — P AR (R Pk
M rha-GAL IEEE L. SBUA T AR, A D5 1%
PRAE TR R AERE e R AR MER, Al A
WL T IE T tha-GAL 7™ i (¥ R 42 1 o
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