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Preparation and dynamic adsorption properties of quaternized

cellulose porous microspheres
QIU Xiaoxue ,ZHOU Yinpeng sGONG Wenli ZYANG Wudi,LIU Lin
(College of Materials Science & Engineering, Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: To improve the mass transfer rate and adsorption efficiency of existing cellulose
microspheres for protein purification, 2, 3-Epoxy-propel-trimethyl ammonium chloride (EPTAC) was
grafted onto the cellulose molecular skeleton, and quaternized cellulose porous microspheres (QCPM)
were prepared by lotion self-assembly method. A dynamic adsorption device was constructed using QCPM
as the packing material, with bovine serum albumin (BSA) as the target protein. The effects of packing
height, intake flow velocity and liquid inlet mass concentration on the dynamic adsorption performance of
QCPM were analyzed, and the effects of the three factors on the equilibrium adsorption capacity were
analyzed using response surface methodology. The results showed that the prepared QCPM has both an
interconnected multi-level pore structure and abundant active sites, with a specific surface area of up to
242.76 m®/g. It can promote rapid mass transfer of proteins and improve separation efficiency. In the
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dynamic protein adsorption process, increasing the packing height and liquid inlet mass concentration, and
reducing the intake flow velocity can enhance the adsorption capacity of QCPM for BSA, with a maximum
adsorption capacity of 50.38 mg/g. Its dynamic adsorption behavior conforms to the Yoon-Nelson and
modified dose response models, and is monolayer adsorption on a uniform surface. The influence of
packing height and intake flow velocity exhibits significant main effects on equilibrium adsorption capacity,
with their influence being more pronounced than that of the liquid inlet mass concentration. The
interaction between the three factors is mainly based on packing height and liquid inlet mass concentration.
This study used cellulose as the matrix and prepared QCPM by emulsification method, addressing the
challenges of limited mass transfer and low adsorption efficiency, and providing theoretical basis and
practical guidance for protein separation and purification.

Key words: cellulose porous microspheres; quaternized modification; dynamic adsorption performance;

protein purification; response surface analysis

0 51 &

WG R A1) B 25 7l ) DR K R 3R R
e W 2 i A G v L 1 AR R R A R
IR AE AL IE O A IR 24 T S AR Ry 2k K
MK . LU By LT 3R B R i
PR AR FR MR T M LI O B 26 2 I
O LY o T R O R P R A R ek
W T RESRAF WD 4 208 72 ) 5 MO 26 7 W) 1 A R AT
i A A LR L N RE R AN IR 2 RO A A
i R LR I N W E R i g SR TR
B SR A RE T 2y e e R A
7 A A

HHBA R FEQREIORE 2 ik K
FL VKR AR G e 2 A TR B A O R e K
Sy EEIE S B TR N T AR BT A B e
E. BEW AR EENEAN S EIERECE
BRI ZWE L E A A o D LA 5 00 AR AR
P A 5 B 55 45 4 32 06T L Led 4507 SR T
R 2T 44t 2 Ay T SR FH L R-28 5 = B A
25 LA R 2 A B8 7 35 il B T R SFLET 4R R ek
108 J T R R B AT Al S o AR AR T BH R
BOE 3R] 5 75 #E W 5T 1 Wk BE Ol 250 mg/ L K i R U
4 30 mL/h i £F 4 3R Gk (9 3 25 0 R A R
77.51 mg/g. Zhao %3 i b % 52 B 5 ik il £
TR AR I BN — RE AR T A 2 AL 2T 4k
LR WEOER , TR Cu® ' % AT O, 3R 7S
Xt A L2 3 R AT D 5 2% A0 T 10 IR B 5L 5 A 2
ZLAR R BT B W B 250 mg/ L K W T A
30 mL/h I B WA 51. 00 mg/g, HXFK
IR B A A O o ) A TR 2 ALAS
Hay o P22 I Ak B T A 3 v A A 3 0% RS RE T

O AR T BB, I ELAE I A BRER Y b B 3
B ST IO 485 4 B0 A o A TR R o AR v 52 i) 4 J5 A%
R, [0 S B A 22 L 45 0 R 25 B g Y 2R
F 53 B4 BT 7 3h A5 8 W B AR & — R 2k
PEPEAK .

ASCUA e S K A W AR SR B B AT 4 R
(Microcrystalline cellulose, MCC) Ay 344, 18 13 #4482
gtk (2, 3-Epoxy-propel-trimethyl ammonium chloride,
EPTAC) I W 4 2 i BE A A R 4P e R 14k
FI S PR BRI K ST 04 B4 T o [R) 2D g 2t
HA T fL 8 450 09 Z= g A 27 4 R 2 Lk
(Quaternized cellulose porous microspheres, QCPM) ;
FIFHELLAMERE X SO GHL - BEIE AN N, W2 B8 B 25
TFBRIE QCPM AL PE: iy i T —E T
QCPM 11 i & W B & 4e, If 2 B4 i s H & A
(Bovine serum albumin, BSAER H AR H . 1345
B SERE S B CHD G B (V) K W o i Vi T2
(COX B LRI, KRR QCPM X} BSA a8k
Bk A R SCHE PR . 4545 Yoon-Nelson(YN)
5 Modified dose response (MDR) #5 5 5 7~ W [} 511 11
2EREE, LIS QCPM 7 Tk 9% & [ 4tk v i b
PR SHEAR A,

1 SLIGEH

1.1 KFENE

] A A AL B (NaOHD | J® E (CH,N,0) .
2, 3 MRENHE =W AL (EPTAC) A1 15
Span-80 AU T S AL BN L 4 LT 2 1 (BSA) L B
i A BRI IR — NI T I AR e
AR F] AR 4EZE Ry (MCO) CRAE n hy 284,
KiA2 530K 56. 8 pm, HEBE N 0. 33 ¢/mL) T
MR A R A BRA ] Eh e (HCD W TR R B



%14

Il /NS A5« e A £ 2 TR AR 0 1 B B FL B A5 I B 1 g a7

2R A BRI T 5 TooK 2 BEW FHo M = Ao 44k T
ABRAT . BT RS 8 A4l

{35 : DF-101S A& A I In A7 1 Hids (b
1 I RIRVIAES B A BRAF]D \MEL04E HLFRKF
CHR -4 R 20 2% AU A PR A /D L FE28 B pH
TR e R 2 AL A IR A \)) L SCIENTZ-
12N B VR T ML C7 008 2 AR YR e A R A
F)) \Milli-Q Biocel 417K {% (32 H Millipore 23 H]) .
Nicolet 5700 f# B 258 4 21 48G54 (3 H Termo
Electron 2 #]) . K-AlphaX & H, T 68 1% 1% (3 [#
Thermo Scientific) .3 H-2000PS1 % i #1237 1%
bt DR BB AT BR A F]D  Vitra 55 3 & 4
T B isE (FEE Carl Zeiss 22 7)) . U-3900 |
A2 SRR AL (H 4 HITACHI 2 ®)) #l CL100W
it AT 2 28 (G B FRHEE A IR A FD .

_____________

N

21k 1\"’) i

>

—— o

1.2 QCPM HI#l&

QCPM A L mE 1 iR, ¥4 6.0 g PR
VAR 94. 0 g BARAY NaOH.CH, N, O H, O (&
BHHA 7%.12% .81 Y i i b, 15 2 B i 7 5L
H 6 VLT A IR AT R R PINA 1.8 g 1)
EPTAC. 7 N 8% Ry 75 °C B HE 3 5 500 1/
min F#HATRN 4 he FREHR A WA H 40 mL )
TRAIER 1. 6 g Span-80 ZH K AGTHAR . £E 30 “C Al
500 r/min FHEHE 2 h, 3RK45 W/O B IF FLI 5
A 0.5 mol/L HCl ##47 [ fk s AT 534k 20 %6 £ B
FNAK PRV BR A% B AR IR AR SR A T K &
P A s BT Bt — 2 B4 oK B8 B R T
M 12 h 158 Z e fk o 4k R £ LR, bRic i
QCPM, TEAMHFEMIHI 2 T2 F , il £ K 2 Z g fh ek
PR ZF 2 22 TORAE ot B ARie o MCM,

[ ——

e
&\

| TS ————

_____________

1 QCPM &R &%k

1.3 SR

SRS MCC il QCPM #4718 BL 75 46 21 A
JERE A X LR T RR IS 0 BT . R F S & S Al
HL B MCM il QCPM B 3 UL 30 14 17 R 4E L IF:
ok N, W BB B vk e H L 3R AR AL
1.4 BhSWFHERERRR

JvEAl QCPM TESEBR 43 B 7 s ik e, 1
TN R 2 T R B A W B R e R L
Kl 2, BRBYEITT  FREC—E BTt ) QCPMA0. 12~
0.18 EEHENKEN 8 mm AEE N 15 cm HI B
JERTAE N 3l 2 U e RIS 3 A 9K B BSA W R (GEE TR
JEEWEE 0.2~0.8 mg/mL, B ih 22 bk pH 1B
g 6.0) LA AE i (0. 3~0. 7 mL/min) i 11 )2 #r
FE s FE T [E) 5 ROR AT W IR % D2 ik
A E SN BT T 595 nm b E BSA A9k
JEARA el ZEiE th 2. REARSE T 3 R AEM
GINR

-7/

B2 shisBMAEEERE
1.5 BIEWWMEREE
B FLAT S o AL 3 2 B S 8000 L 2833 1
LB SERN BN 12 B R BER i M £ R VR
J& 5 PR R MR AR (C, /C ) BER E] (2 5 min) ZF
I 5 R M 4R 1% M 2 B 08 48 /s 2l 25 U B ot 7 v 45
S H AR A R A5 LI K 8 ) 2F e



48 WIVLHE TR =54 CH AR RS

2026 4 %555 %

FHEML R CES BN HITREARIT ., BT
¢t B 1 (W, mL) i A,

W=V, (1
147 ¢ I BSA BJFE M, me) BHE AR N
Mm :COVI (2)

1847 ¢ I A QCPM By I B & (Q, » mg) B THE 22
EEWp

Q. :VJ’:' (C,—C)dt (3)
t=0
R X (MTZ s em) BB AR
MTZ = H(l—[—b) 4
tS
QCPM 1y BSA TR & (Q_ s mg/ ) TR .
Q,
Q. =M (5)

Horp.C, f1C, 43510 BSA BT e FE Rk B O
R, mg/mL; V o BSA #F i E , mL/min; H
4 QCPM SRR L cms e, BRI (C,/C, =
10%0) »min; Q, A & & [E] i QCPM Xf BSA 1)1
Bt . mg/gst, . A C,/C,=50% I [E], min; Q,
Hh C,/C, = 50% IF QCPM % BSA ) W Fff &,
mg/ gt AAIETEN(C,/C,=80%) ,min; Q_ I
FF ]I QCPM X BSA AW F . mg/g.

YN AR — A AR S A, i T F]
B A5 W B I HE v R T B K MR B — 2 g BT
TIASHRBL A 531 W R A T 3 48 5 SRR G A o
MZEBREIEME . YNBRAHEARN .

C, 1
C,  expllo(c—1) +1 (6)

Hr.C, f1C, 43500 BSA B 4 5 2 vk B Fn ik
KRBT EEHRE s mg/mLs ¢ 7% 50 0 W B ERF 7] 52 4% 1)
IFIE] s mins kg o8 YN SR E L min ',

MDR 5 # 2 —Fft FH i 28 1 F00 Wi ffs 550 % H
BRI AT oA 50 R BT B R R B
AR R T L b DG JC 52 15 it 2k R 1) 70 AR X ik

BEARE S . MDR BRI g Fe a2 R .
C[ 1
q—lw @
QOW

Hrr:a J& MDR BRI Z40Gm & QCPM Wi i,
g:Q,, NI G A 1 1 45 W B B mg /g, HiAth
FH5 & ST
1.6 MR EER IR

e o 37 TR 92 X6 A [ SRR i B L Y I L R

JoT i R P 2R AT R W BRSSO AT 20 BT R TR A LR
K AZHAERIRE BSA W Bt FR) 532 0 IR AR o 28000 T 33
11 (Box-behnken design, BBD) J& — F 3 7 i 1 1]
e a1l 77k, Bz N T 22 LR S i A
H.\VHC, W EZER, 551 AB A C £IR, b
PLAEM R Y %o AN R I 3 oK, 2301
R 0, — 1 A 1 R, il 56 K 3R KoK F-
® 1R,
1 KWERRAKTE

ARK g P R B

—1 0 1
A 2 3 4
B 0.3 0.5 0.7
C 0.2 0.5 0.8

2 HR5ITE

2.1 QCPMHILZLEH

JTHIN QCPM |2 #h FL A (=N iy ele
By % MCCLQCPM 434 7 FTIR SGig i 14
R E 3 frn . IE 3 ATLE H :MCC 5 QCPM
7E 3314.2903 em ™' F1896 cm ' b A4 AE A3 51 I
JE TR O—H.C—H Ml B-1, 4B 8 nY {46 =
g s QCPM 5 MCC M HAE 1642 cm ™' A1 1370
em ' ARHIHEIERIE, B =N 194 IR g At
Fe b B AR AR 305 9F H QCPM £E 993 em™!
b R TIE , UJE T EPTAC JF 3R 2 i 3R 5 |
) C—O M4aiRsh, a4 R ¥4IEM T EPTAC
RS T P4 Ry T4 |

T RS T EPTAC B S 3R 4 i
T MCC J QCPM Y 70 P XPS ik, 45 R Kl 4
JiR. B4 R A AES A C 1s Yl h 3 s i
0O—C—0.C—OH.C—C/C—H W, 1£ O 1s g
NEx O0—C.O—H g 5 MCC # 1, QCPM
PR IE WG 38 5 AR YR AE 284. 8 eV (C—C/C— H) A4b3
7%, IF H QCPM 7E 401. 0 eV AR T B =N"
EAEIEN X 5 FTIR 459 —30 4880 T EPTAC By
QCPM, H: N Je % & & R B AL 1) MCC ¥ m T
4.31% (R 2), ERGEREY] T EPTAC & 2
BRBT4ER L,
2.2 QCPM HILEHIRIE
2.2.1 QCPM WIS

Tl AT 4 AR (M IO 45 44 X BSA W B L
HEEL, E 5(a)—(d) N MCM Hl QCPM )
SEM i/, K 5Ca)—(b) B : MCM EAKERIE HL



IS/ 26 - Ze e A 2T 4 2 TR A ) i b M 25 e B

ﬂg "@ EN+

W C-0

i
|
W

4000 3500 3000 2500 2000 1500 1000 500 1800 1600 1400 1200 1000 800

e/ em! e/ cm!
(a) 500~4000 e (b) 800~1800cm”
3 MCC.QCPM B FTIR & &
A A
) 3
s &)
£ i
i e
E ?;; C-C/C-H
o C-C/C-H
0-C-0 00 ’
200 288 286 284 282 280 200 288 286 284 282 280
gZofkeV EREeV
(a) MCCHIC 1)tk (b) QCPMIIC 1)ttt
A A
e s
&) )
£ i
b b
' '
= Z
O-H
,_ \_O-H
536 534 532 530 528 526 536 534 532 530 528 526
ZEfEeV ZErREleV
(c) MCCIO 1s)ti (d) QCPMHIO 15363
A N
El s _
s &) =
! L
o i
® '
= E
i ~NH-
1 1 Q—gml | L - L>—\>‘ —
406200 a02 00 398 396 394 406 404 402 400 398 396 394
gEEREeV g & feeV
() MCCHAIN 1s):itt () QCPMEIN 15l

B4 MCC# QCPM Ky XPS &



50 ERAREIMIVNE == F QSIS S

2026 4F  HE55 &

BEVERLAT R X B R R TR R
FREE, SRR R, AE 7K v A SR Ry 1)
2% TR P9I L AL HE LUE R 2 FL AT IR A
[E] 4 5 2 T PR 27 ' 28 M LT I i B0 AL R 28 T
1 & 5(c>—<d>7uﬁth QCPM £ HAFEM
FLER N 45 2544 , 3% S HLAT 228 LB BB A AN 5K ot 42
() EPTAC i 18 I8 T 1 s I H2 A 28 55 K 4 4 R
O FEE T LT R R L A 4 Ay T8k E YR
IK eI Bl WAL T 2 £ A1 4 T A S TR BP9 S T 5B
O, 2 Ak S 3 A A R LI B O £ AL
S50 M B Z AL ES R A Bl T AR A PR
FE R T BERCR . I 5Ce)— (D M 1k g
IR MR ERIE I & R 2 FL 454 , QCPM 7 WK [
PERE D7 T 2R B (A RS T ] R A A P
%£2 MCCE5QCPMHCIN.OTESE

B T AT %
FE S -
C N O
MCC 57.99 0. 46 41. 56
QCPM 68. 45 4. 77 26.78

2.2.2 QCPM HyFLBR&EH

K 6 MCM 5 QCPM HY N, 1 f /fire % 25 3
ANFLAR S A . MCM 5 QCPM 2 LAY [V Y 45 i 4%
B¥A H3 BU G 6, £ T ek b A fL 17
FE S M RN B AL 42 2 A a8 5 Barrett-Joyner-

Halenda A4, 54 EPTAC ) MCM #f b,
6 -

—m TR
—o— JhLbft

W
T

W AR (cm*-g)

0 T000T0203040506070809T0T1

PIP,
() MCM-N 5 B/l S 25
1000
800t
B
= 600 -
S
& 400}
:
= 200
0F

(¢) QCPM-N, MR Fft /fie Wt 36 2%

QCPM Wy LR TR 242. 76 m®/g. MCM 1 I 3
R A 3.62 m®/g. X5 SEM &4 45 1 — 5L,
QCPM (LB R LA R 23 i 3K 3] T 72. 67 %6 Fil
1. 30 em’ /g, QCPM 1Y .3 Z 9 FLA5 ke Al sy b 3% 1
FUA B 185 (5 00 B i % 3 L 9F HLoA R T

(a) MCMEEAATE S

(c) QCPM ¥ TE A

1 pm

(b) MCMZETH A&

() QCPMIK Fﬁ)‘i@ﬁ%%‘

(e) QCPMIK it 5 4 AT 25
E5 MCM# QCPM I EBERE

0.0006,
—;o.ooos
£ 0.00041
s
E 0.0003}
S
& 0.0002}
3
5 0.0001-

0.0000}

20 0 20 40 60 80 100 120 140
LEA/m
(b) MCM-BIHBL & FLZ 3 A

0.030F
=~ 0.025t
50
& 0.020f
g
= 0.015F
S
5 0.010p
el
2 0.005F
-

0.000F

20 20 40 60 80 100 120 140

fLEA/Mm
(d) QCPM-BIJHAUA FLAR 2 A

6 MCM % QCPM HJ N, i Ht/fERERESAESHE



% 1

Il /NS A5« e A £ 2 TR AR 0 1 B B FL B A5 I B 1 g

51

2.3 EiSWRHiERE
2.3.1 OB EE YR

SEUR 0 SO 8 A e e R O 500 DA J2 1 A AR
W o5 o X Sh A B R A B . R
R S P AR BB A A AR SE 56 R FH 2~5 em (30K}
RN S R AR R A (20, 5) L (340.5)
em A1(440. 5) em (8 H AN BIEE BT RS, 2~4
em WIERLEEE 3 T 280 5 0% 4 X 8], 76
FEI P9 14 1 A 1 F S35, ATl D DR E B UR Y 551
JRUBS: , I LA P 9 3 3 JEURE 2 9 R 3 o T 75
HNE R A T8 LR HUG Bh A T B S i . K2
e BN 7 AR SEDRHT BRI 0.12.,0. 15 g F10. 18 g,

AFFE R AE T s S AT A e 7 frs,
FHOCEAE T A A 02 3 A AL w4 B H, W H
L H, o, BT oK BRGSO B A4 0 28 i
2 AR L2 BUBR B VR R H . HLBOR RIS ¢, A0
¢ PR B IEAN SESC R L BBk JEE A 39 0 [+] s
AT IR PR PN B 15 B R 1] DRAIE T % i 7
FEAFIEAT WL IR 2 BB W TR . R 3 AT AR
M2 em HE 4 em B, 7, AN 7 min ZEK E 15
min,z_ WM 17 min 8K % 31 min, X —HFFE
VA PR R 2 o BE 38 )™ i 1 A 25 o T R il 7
BA AR A 0] 22 8 1 6 L s B . PR
JR SRS B A E SR E S BN 4 em.

1.0 - 46 12.2
0.8 aar " 10
@
_06F T [ 1.8
> 0.4} mﬁ 38 - 16
& 36 ¢ 4
il = 1.4
B o340
6.0 30k - 1.2
- . . . ! 30 T T T 1.0
0 10 20 30 40 50 2 3 4
Hf 18] /min i /em
(a) NRIEURHE B T QCPM F S it 2% K] (b) A [FIERL = B R P B 5 4% 5 X 2240
7 AEERSET QCPMBREHEZEREMESERENTHE
#x3 AEEMSETHHSEMER
iy si=acy t,/min Q,/mg W, /mL t./min Q./mg W, /mL
H, 7 1.75 3.50 17 4.18 8. 50
H, 11 2.75 5.50 23 5. 67 11. 50
H, 15 3.75 7.50 31 7.67 15.50
2.3.2 IR HE YA FFHE T B 25 1, A B B AE G PR I L 2555 TP AL I

TR U A Ay 2 A W B AR v ) O B AR S
B, BRI AL SR A ol s 0L IS (AT, 7E 2V
# A 0.3.0.5 mL/min 1 0. 7 mL/min B4 FIF
JEXT eS8 AR R R A I VWV KV
PR AR S T 0 Sh B AT R an & 8 s,
SRR S T3 4. I 8 AT LA« U
TR HE TIN5 | RS 25 375 1 2 AR 4% St A 2 P 3 s 4
[T ¢, 55 ¢ 38 5 2 4 0, BP0 JoT IR BR300 1~ A i
FRFEEIAA 48. 03 mg/g B2 32. 41 mg/g, X J& ik
W L R, BSA 43 F 5 QCPM {5 P W B A3 s
(1) 42 B[] 9 /) » 508 3 A AR R A TR o 67 A TR ik 5
BSA G54 1 O B 28 B AT L i 4 nT L Y
PERCAR M 0. 3 mL/min 27+ % 0.7 mL/min i,
ZEEIHE] 1 30 min #3808 E 10 min, {8 A1 [E] A 58
min A% F 24 min, KRR AR LE AL T [A]

INACR SEAE LT 882 0. 5 mL/min Jy fefEidk
WImHE S
2.3.3 MBI R AN
TR e 5 ) B, 1 A B PR RE Y O —
AEEHNE, BT HEN 0. 18 g MRERIEEE A+, 2
S IR B E 0.2,0. 5 mg/mL F1 0. 8 mg/mL )
BSA IR A B, il A A B R] ) BSA H K ik
FEARAS Y 2 i 2 . AR R HE R BT ik B Ay S C ),
C,, M C,, Fm. FBEMEME 9 R, #H 5
ST 5. B9 KB G FE W5 i R B A 3G, it
SRR UARHRR FE TN, B AW B R fin e » B ] AH
N IEL s QCPM X BSA A - 45 W B 2l il 5 BSA
WA R B A3 KA A 27. 04 mg/g A8 50. 38
mg/g fEFX N 1. 96 cm HEHNE] 2. 43 cm; FE 5
ATAL, 4 BSA W] 45 W B 0. 2 mg/mL 3 /i 2|



52

ERAREIMIVNE == F QSIS S

2026 5 55 &

0.8 mg/mL B, BSA B ¢, Flz_ 435I 25 min 28K
9 mins M 49 min 28K 23 min, 2 BSA & H 50T
B R R v R e B L D PR U

1.0

JoHE e JRE Ay L Rk PR A S B e ) 4% i BIK 5l 7 A
BRI BRI T2 /) BSA S H 70 7530k 1
(¥ B SR A A

50, 12,7
481 =\ 12.6
0.8 g 15
_ 06 o A4 24 §
S] £ 23" 123 I
: = 4 =
0.4 mg 2l 122 &
0 = 36 . 121
: 34[ 412.0
0.0 32! -1 | 1.9
e 30 : : ‘ 1.8
0 10 20 30 40 50 60 70 80 03 0.5 0.7
fiJ 18] /min HERHALE/(mL-min)
(a) AN RIHEOITE T QCPM F SR it 2 (b) AN RIFFRLIE T 7R 25 4% i1 X 1 2240
B8 AREHARET QCPM HRBHLEEBMESERRHTHE
R4 AEBERETHNSRHLE R
HidE  ¢,/min Q,/mg W, /mL ¢./min Q./mg W, /ml.
v, , 30 4.50 9. 00 58 8. 65 17. 40
Vs 15 3.75 7.50 31 7.67 15. 50
V., 10 3.50 7.00 24 8. 28 16. 80
1.0¢ S4r 12.6
St {25
081 s -1 1.
ﬁ'cm 45 r E
0.6 o0 421 123 8
£ £ 30 by &
S 04l i -
© z 36r 21 ¥
02} B 33; ) ]
' o 2.0
0.0 pm=thanfa, 27+ 11.9
T T ] 24 I ; 1 : : 1.8
0 10 20 30 40 50 60 70 02 05 038 ‘
I 18] /min HER BB /(mg-mL")
() AN [RTHEVR R B MR B T QCPMIK) SR it 28 ] (b) AN IFIEB R vk T IR i 5 4 R X 1) AR T
9 AEHABREKRET QCPM HRBHLABEEBHESERRHTHE
x5 ARAHBRERETHIHISHMER
HERUR W ¢, /min Q,/mg W, /mL t,/min Q./mg W, /ml.
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C, s 9 3. 60 4.50 23 9.07 11. 50
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2.4.1 YN BERIA

YN HERIFEA SCH T A 50 V0 28 375 i 1 2
WA RN TN 55 80 )2 53 b7 o IR E S AR L AL
ol BlA & i 10 Fios, A S 80 WL 6,
HH Il 10 Fi1ge 6 ATLAE ) A SE 0 2400 R 45 4L
P R KT 0.96.9F H o, MUEIS(E 55 9256 0 B
) ¢, BN . R WIZARE R B A R IR AR 5256 Y
ShASWE BT Rt 5 Bt 2 U 7 10 38 i, e e e R

HEL ko M0, 30 min ' EBIHZE 0. 18 min ',z . N
M 13.51 min #EK Z 24. 64 min, X—HZ 0T T
TEORE m BE 1S A A5 4% BT B AR KL Y BSA
QCPM I A7 o5 2 Ml ARE 2 fd 25 4 T 5 X4 0 Y
SRR T R B RN L £y IR E T 4
FHEINZ 0. 31 min™ ' A1 0. 26 min 'z, . WUAH R 46
fE % 15. 21 min F1 16. 47 min, 33X A GBI K T 55 7
R VR B AR T R B R IR 2 PR A B R .
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v,. 18 0.18 24. 65 0.97
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C, . 15 0.26 16. 47 0.98
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SR P BT RE/)N 3 PR Ok i TG, 3 BSA 5
MR B ) =2 TR Bk V) 4 2 R 1 o 2 9 I
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TR A AL SR B g o Bt R O AR R R W 5
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H, 37. 81 30.78 4.28  0.99 BSA W o B2 /4 52 i, i) 37 T 43 B >R BBD 3%
H, 42. 62 33. 14 4.24  0.99 TIECBR, e BRI B 0 SE 56 T 28 M L4 R
Vis 48. 06 34.22 4.97 0.99 WL 8, VUMl W B & Q. 1E A 5 B i N7 {EL , 44
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FURBURA RS . P>0.01 RBETAR ] ’ o X i
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FLCH P H/NT 0. 05, 1 B 45 PR 28 0] 1ty 18 B o 7 0 0 0 3945
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PRV 0 B (B0 LR S R ' ! ; o
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i FI7 A A W F P P
A 963. 56 9 107. 06 53. 16 <<0. 0001 BE
AH 132.12 1 132.12 65. 60 <20. 0001
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