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Preparation of Macroporous Polymer Anion Exchange
Chromatography Media by Grafting Poly (N, N-dimethylaminopropyl
acrylamide) and Their Adsorption Properties
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(Beijing Key Laboratory of Clean Fuel and Efficient Catalytic Emission Reduction Technology , College of New
Materials and Chemical Engineering , Beijing University of Petrochemical Technology , Beijing 102617, China)

Abstract The low protein adsorption capacity is caused by the low specific surface area of traditional macroporous
polymer-based ion exchange chromatography media. A novel preparation method based on a "grafting to" strategy was
proposed to enhance the protein adsorption capacity in this study. A pre-polymer containing primary amine groups
was synthesized by copolymerizing two monomers, 2-aminoethyl methacrylate (2-AM) and N, N-dimethylaminopro-
pylacrylamide (DMAPAA) , using ammonium persulfate as the initiator. The average degree of polymerization of the
resulting pre-polymer, pDMAPAA, was controlled between 2 and 10 by adjusting the molar ratio of 2-AM to
DMAPAA. This pre-polymer was then grafted onto the surface of macroporous polyacrylate microspheres to fabricate a

weak anion exchange chromatography medium. The optimal preparation conditions were determined by optimizing the
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coupling parameters. Using bovine serum albumin (BSA) as a model protein, the effects of ligand density and grafted

chain length on the static binding capacity (SBC), the adsorption kinetics of media with different chain lengths, and
the influence of ionic strength on adsorption behavior at different ligand densities were investigated. The results
showed that increasing the grafted chain length (2—10 units) significantly enhanced the ion exchange capacity (IC)
and SBC of the media. The equilibrium adsorption capacity (¢,) increased from 130.9 mg/mL to 196.5 mg/mL, while
the pseudo-second-order adsorption rate constant (k,) decreased. A higher ligand density increased the SBC from
(95.6+2) mg/mL to (174.0+3) mg/ml. Increasing the salt concentration (0—0.25 mol/L) leded to a decrease in
SBC, with media of higher ligand density exhibiting stronger salt tolerance. This study provides a valuable reference
for the controlled preparation and application of high-performance weak anion exchange chromatography media.
Keywords Macroporous anion exchange chromatography media; Grafting to; N, N-dimethylaminopropylacrylamide
(DMAPAA); Ligand density; Protein adsorption
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KAWL JZHTA BAUGR = AL nT R/, sReh T 3ls ML 2 M A b g L fL
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S I AR A T HE A BN A I, R R AR R R A T R G K,
FEN RN GFw B S MR, RBUSTE B — 4k 2 A1 B AR 0T, A7 %04 & 1T A 0 i 2 11 R o 25
. Qiao S S FERFLEFHE R Tk (MCMs ) R THI 28— WSk O SR M (DEAE) , & BHH A 178 1 2
[T (BSA) Ao I B 25 6 B AR B2 1% G2 D 88 T 5c 0 2T A T4 55 T 192. 6 mg/mL. A WHAL ik 2%
APFP: (1) “Grafting to” 352 RGP R T A58 A 10 X A B R A . W0 Yu 55058
13 7E Sepharose FE HITEAL T LMW e (PET) , 558 T AN[R] PET 424 i 2% B X 26 (AW B 5 OS2, R BY
BT etz mt (10) 3 T SHE (clCO B, PETHAL 5% R 8 12 5514 15 5500 A S0 E W B AR 28 1 A% 8, A
T4 B BT 2 1 5T 43 R R TR 38, X6 BSA R A M B0 455 1 fe e AT 35 (27349) mg/mL; (2) “Grafting
from” 35 R SeAE SR RIS | B, SRIG 51 KN FHARAEA R 0 R A AR A Oy, BIFEA
JER B R G WA R SR ] Grafting from” J5¥k:, 5| kAl A 2= BE AT (9 1)
REBANK N, N, N- == F 3 3= (2- Y R DI R 22 0 ) -1- 50 A6 TN B (MAPTAC) K B4, 4 T it RE Y
pMAPTAC $:A4% K FL5R BH B T 28 )2 M A T, I KAL R A W2 B o 1 2 1 W o 7 o 4 o &2
138. 9 mg/mlL.
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PERUE IS AR R RARIIE B, W0 Zha 55 R IR 5 ] & (KPS) FIE A5 | & (AIBN) i iR | & 3R
G, 51k SR AR LR ER-2- (2 3%) Z1R (DMAEMA) R4, il T —Fh 9K & G /KB
(NCHEERL) , RIUBIAAL G PIXT APS FIKPS 51k B B RGAIEHVERT, 255 KA I SRk fb A W i
W, BUE G RS BRHCRA I, REWRIRACHRB RS, ML), BER TR . Wang
Lo RG] KR THE RS A IR A (SI-ATRP) £ AR 06 5 25 K Mk B IV, N- S i 7R 47 TR 4 T
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eI R ] RS . S, R Grafting to” BYFEATT 120K pDMAPAA $EA3 21 2 74 J#i 1 1 28 ik
FastSep-epoxy b, il 4 1" — R EV A HE S B — & MHE KA W) 1955 B 28 5SS Z A e it . LA BSA iR
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1 SEIGERSy

1.1 RFI 5

KALR A VIR FastSep-epoxy (RIS 5 AL, “FIFL4E 500 nm, Kif2 53475l 50~90 pm) , b
HUHURPEE A RHEAT RA L N, N ZH IR EEN IR BER (DMAPAA , 46 98%) , 14 sibh A fk
B O BRA W 5 B IEPNIG IR 2- 238 R (2-AM) , /A4l 7% R Im B ie TRHE A IRA R iR
Bt (APS, 4l 98.5%) , JLHN— LW FHA R A s =- G2 W L) & 5L Be (Tris) , s #frall, Jbat
PRBLRHE A A F 5 A4 3 H A (BSA), il dbat A R EFEHCA BRA Al KBk B
18 MQ-cm.

SHA-BA RUKIEIRIR G i (1) , B M AR TS A PR |] s HS-3 B EIRGAL, TR 2 AWk
B AR A PR w5 LS BUERAP-] LA e BETH(UV-Vis), B BT A A R F] ;. CM-30 BU4TH
T R4S (SEM) , & E COXEM /A ; UPC10 AKTA 8 [ 8h4ifk 255 (Cytiva) , £ E CEA .
1.2 FastSep-DMAPAA B A F L BN N R H &
1.2.1  Grafting to 35 %l & A A AR LL“Grafting to” 311l % FastSep-DMAPAA 3245 81 [H 2 732 )2 41
AT 5353 R LSRR 4) pDMAPAA 2R 55 1) A BUFINRE TSR 24 3] FastSep-epoxy R R 1 P A~ 2R,
41 Scheme 1 1 Scheme 2 7S .

0 H:N %
H | H Initiator H
(6]

/YN\/\/N\ +

(6]
Anaerobic
0 —\—NHZ \\LN/

DMAPAA 2-Aminoethyl methacrylate pDMAPAA-NH,

Scheme 1 Preparation process of pPDMAPAA

pDMAPPA FastSep-cpoxy FastSep-pDMAPPA
Scheme 2 Preparation process of FastSep-DMAPAA
(1) pDMAPAA $EAHE H i & 2L FR AN 3250 B 2-AM/APS S [m 48 s SRR R 5 R R R, 51 K5
KR DMAPAA ESE B 0 L AWT R B T8 K i, HARD BRI « ZEHETEIH A 0. 68 mL 2-AM., 0. 06 g
APS. 4.1 mL DMAPAA 120 mL 2 B 7K , il A A TER AU , BEDAERUK IS FEIR, T3l N ED
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S 3 h. PRFF2-AM/APS (EE SR HE A 20, 45 B TR S NIE . 30 2028 SOWAKR 5 Hh DMAPAA B AINA £
(0,4.1,5.1,7.2, 8.2, 10. 3 mL) KIS Bk S WIHOEE K .

(2) ¥ LA F i 25 A 2R ) 55 FastSep-epoxy EK#EA TEK . WUERY) /3 HE5Eum 025, a5
TR I A SR R AR VK SR A o3 TR R 0K R . K% 20 mL 3K FastSep-epoxy NI Fil R #)
SR, TE—E T N AT SN, SO 25 o 5 FH 25 8 Tk Ve o, B ORA7 50T 20 mL 20%
(BTt 534850 CBKE R A L 8 BT 55 BH B8 - S 521 B4 44 4 FastSep-DMAPAA.

(3) R A () AN(2) MR B 3%, P HE DMAPAA B IR (4. 1 mL) ANAE, R4 APS fil AR AN AR
(0.069 g), P28 2-AM A EE (0, 0.34, 0.54, 0.68, 0.91, 1.36 mL) , il &4 K AR DMAPAA $E4%
RIS J5T, 44 K FastSep-DMAPAA-n, n R/RA i A4 5E
1.2.2  Grafting from 3% #| & B A A i S ROCER[20 177 70K DMAPAA 38 12 “ Grafting from” %A H 1
BRI A RS BRAT

(1) FastSep-epoxy i ER /K fi# : #F 20 mL i34 ER FastSep-epoxy 7E 0. 5 mol/L H,SO, 7K ¥ ¥ = Jiln #4 s i
24 h, FE BRI A E LK S AR RS, 1S EIK AR I K FastSep-hydroxyl.

(2) B4 A DMAPAA Bk ; B 20 mL FastSep-hydroxyl 5 4. 1 mL DMAPAA RS IFE AR, A
0.06 g 5| & APS, 50 CHATIERIR G IO . RGP HEH15 ATk T 26 8 K vE s = b vk, il
W s i S MR G, 5 “Grafting to VA TX L.

1.3 EABHSHHMEIENE

Ve BSA 1 BRI 11, {8 50 mmol/L. pH=8. 0 ¥ Tris-HCI 1 V-5 22 vh ik , 4 1~2 mL 1Y
FastSep-DMAPAA FH e il (1) 17 22 wpif i -1 )5, 5 40 mL 5 mg/mL BSASIRIR &, TEIR FER
HAXL B HRGTRA W 4 b, B0 5 B2, A 28 8- 0] W43 B T A 280 nm KA Y 2E 41
WS, AR E T 2T R R R, e B SO R LS I 25 5 (SBC, mg/mL) , £
N/ € e Sl-N

spe = (o= e) X Vo (1)
V,
s ¢ (mg/mL) AR BSAERAKRE 5 V,(mL) A0 6 BSA ERAKFR; ¢, (mg/mL) R3] 4% BSA TR

V,(mL) A JBARF.
14 EBEEZFEHNE
S FH I R 5 2 I 58 A B 14 8 - A2 8 25+ (1C, mmol/L). ¥4 FH 25 88 /K 843 Be 1% 5 A 5t 1)
1 mol/L NaOH ¥R 1 kb , AR5 FH & B /K BRI 2 P CFF 10 mL FastSep-DMAPAA LA ZATAE, fin
A 35 mLbRUE HCUAW, A e WA I, TN 25 mL 1 mol/L NaCl £, 7 H FAR UG , 167 ik
H N 1~2 B ERAE 2550, AR UE NaOH VS WHEA TR , BRI, H 30 s AR, 10 S0 o T
THAER) NaOH ARFR, 22 B U HE1C, Bl s B 3 Yk SE i P-4 1A
_ Viel = V,ch (2)
Vi
AHr: Vi(mL) MR HE HCLES BARE ;5 ) (mol/L) Ay brifE HCUE WM FE 5 V) (mL) AR NaOH 35 AR F 5
cs(mol/L) AFRHE NaOH M B 5 Vi(mL) R fBRIARF .
1.5 WRPHBh A &NE
AR (25 C) ST, #4200 mL Y 1 mg/mL BSA VAR 1 mL 152 i V-1 J (0 W A B AL =
PR, i A A B R, 38 UV-Vis 1058 I RBOGE (280 nm P ) Bl ] 1) A5 AR 15 1O
ezl it s S22, AW 1 R . M 2 h
T (3)
9 kgl q.
K g (mg/mL) y o B 20 2 B A BT 09 W% B 5 5 g, (mg/mL) o - £ 1) 20 2 B A o2 9 0% BT 5
k,(mLemg™" »min™) A VE 2 i R 5 L

IC
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1.6 AEERKRETHSBCUE
e i 55 A A A 36 JEE NaCl1(0. 05 ~ 0. 25 mol/L) 1) Tris-HC1 2% th¥ %, K+ 1 mL 41 i 5 50 mL 1 mg/mL
BSAVFIRIRA . # 1. 3 5 E AR ER M B N 19 SBC. BRI SCI0 H & 3 RO H{E .

2 FHRER

2.1 FRERFAEMSBCEICILL

TE A ] B e B8 25 4T, 49 1) >R FH “Grafting from” il “Grafting to” W4 Fl 4% A5 75 15 1fil] £ FastSep-
pDMAPAA, FFI 2 A1 SBCH S ICAE . 25 BIR, “grafting to” ¥ 19 SBC i 4y (180. 7+3) mg/mL,
IC {5 Jy (245.7+5) mmol/L, ¥J B & & T “Grafting from” ¥ [SBC= (68. 4+2) mg/mL, IC= (61.0+5)
mmol/L]. DA I IC AR F= 2 FRAEA BT R A pDMAPAA 20 19 £ /0, “Grafting from” 35 Fr 154 5 19 1C{H 4
1%, 20 HAEA pDMAPAA FYECE i 25 KT “ Grafting to” 72, X 2[R A3l 1 “Grafting from” 4 AT,
B AT APS 51 & A RS A REIERY, 55 B A1 & B AN , BUERY
FL AN, DT BOZ R T B . 38 5 5T 2 IR B 2 T S e B S IEAH OGP, Zhang 88 R
F PELXHERALER AP0k PGMA-DVB HE1 725K it , R4 T 3 o 1) 55 I 88 Fac )2 0 A o, Bl
PEI Pt S50 (30, 26 1 W B 2 s bl 2 38 . a3k DA PR R vk i B, UE I S 0 T Y
“Grafting to” il & LTI T, H DMAPAA SRR FA B B4R T, JLFUbas RIRIF it —019¢ .
2.2 FastSep-DMAPAA #& & 4HE4L
2.2.1 fBECEE X SBC B # o FE 6~30 h BRI [l N, 5 IR (B X541 5T SBC (14 52 ma A (141 1).
B2 SN R ] B 3600, SBC AELSCHE I s el /L . 273 P25 e 2 5 P R DA IR T R AL ARk 26 i
RIFPIFEN (PAA) B AE Tk Rl ROk I 6 5 PR UL, SO7E OB ) A 5 TSR A (S o
B, B ROV BT, (BRI B ORI pDMAPAA 5559 22, A AR I A7 S 85 22, AT SBC %
WA . Bl SO ISR A RE— A0, TAERFR RIS pDMAPAA BEANIKIE £, HARYESE, 21 ATk 3
G323 BRI A, AL 2 [0 B2 8, DT 3 3508 11 1 T R LB/ N2, 30 Il SBC TR
W . YRR T 18 hil, SBCiAF R , M (158. 8+4) mg/mL, HE+HE 18 hAE Mt (BB a] .

165 160
160 - 150 b
~ 155t ~
o 7140}
E 150} g '\*\i/-/*/’
g2 @ 130}
55/ 145+ g
& 140 @ 120
w
135 110 L
130
L L 1 1 L 1 100 L L 1 1 1 1
5 10 15 20 25 30 30 35 40 45 50 55
t/h Temperature/°C
Fig.1 Effect of coupling time on SBC of media Fig. 2 Effect of coupling temperature on SBCof media

222 BEREXMNBEASRMAENDE  ABIECREE (30~55 C) X1 B SBC Y Z M HLA QN &1 2 s
OSSR BR AR , FLIREE ) 2 i P R KA >, S EURNRCRE TR, WO R — 22 T i S
BT 4. B 2450 R, AR 30~55 CRY, BEFIEE 1T, A 5ng SBCBcA W 421k, 29
H(1353) mg/mL. UEHIIZ N Y SO A, W BE A2 A SOw 1l A 238 1l B S A 52
23 BEffTRFRERRRIE

iH 1:F SEM X FastSep-epoxy 5 FastSep-pDMAPAA [WJES AT 1 3RAE, 25 RAEI 3. HIEI3(A)~
(C)TT LA i, FastSep-epoxy fEK i) 2 i HA HCK Gm FL 544 HALIE 2 [BIAH B %8 , TR T —Fh =4
IRAEHY , XA R TE A TN B AR BT . [K13(D)~(F) 2 FastSep-pDMAPAA 4257 | K1 &
NERESHIE, ATLAE i, U5 A R A I IR, I ORFr RAFEIERIEIEAN , REW B 2L RIS A
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S, FLIBSSHIR S oI, HARES TR IROKR R BHE FLIE , RIHEEG R AR BIRRER 1 &
ZOZERL | A3 pDMAPAA BRIk S ERFLIE 216 .
o i I

3

10 pm

10 pm ST £ s

Fig.3 SEM images of FastSep-epoxy and FastSep-pDMAPAA
(A—C) : The bulk, surface, and internal structure of FastSep—epoxy; (D—F) : the bulk, surface and internal structure of
FastSep-pDMAPAA.

24 FREZFEXHFHSHEMEEHHIE

A A P (IR A i A SR A R BRI O A SR A TIOR3 TS R ) B P B 2 1 S T
FER DA SG . XA R e 2 B A A J3 B4 SBC A TRFHY, S5 SR AN 4 7R . T Dl i i 3 28 B A 3
A BT I e 2 I B 7S A, 24 IC {97 mmol/L B, SBC A AL, M (95. 6+2) me/mL; 4 IC {H K
220 mmol/L i, SBCHENINZE (174. 0+3) mg/mL. X —HLHEY Yu 2 " FEBIEHE Sepharose # I A% 5 £

TE eI 2 B VAT FEOX BSA 1 V- 60 B 5 -

I RIS 1 S AR AR DL 02 DR L TR

BEERAT, MABSRARD, Bk o

BB B A R, LA H S, A

AHRBIN, H Qiao 5 ERALFMERRORMCMs) 2|

KR~ WL IR (DEAR) HOBFTE % @

B, 3 0 2 I R R0 BSA IS B ] 10

. JEFLL LA, BOATLILEE N, 5 S S

T 0 B 3 4 R L2 B [l 0. O e

IC/(mmol-L")
IS T ARSREEAL SO, Rk, BB WA Fig.4  Effect of ligand density on SBC of media

I IO N IE AR S A AL
2.5 FE# pDMAPAA $EIK T B2 IR M A 289 # 00

il & T UM BAT AR A pDMAPAA SR A9 5T, PIERME AN 1 s, A0 TR AP 2 B I ol 4 4%
Kot I DMAPAA HLCH)F ¥ % H o, Table 1 Physical properties of FastSep-epoxy and grafted

DMAPAA 5 2-AM B9 BE/R HAERAG 2. K] 5 media with different chain lengths of pPDMAPAA
BT 9 B TC A SBC Bt 1< i) A2 AL 175 B V(2-AM added)/ml.  V(DMAPAA added)/ml.  Chain length/unit
GERRW], TEERACRIE RN, A 0 0 0
pDMAPAA HAHE RIS N (2~10 5450) , 4 8'2: : :
BT IC HISBC B & iy . Li S TERUBE Y 0.68 s ;

K YRR R TR B (MA ) A5 3 1 bt S AR 0.68 8.2 8
BEE (Sepharose-FF) I, il £ 1 5 Fld A3 %5 [ 0.68 10.3 10
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AR IR T 4R (7] 2857 2 kR () F FR-PMA 35 200 260

e . PR TR B I, R IAE—SE 19 1CTE 190 — L2
FFIV . FE-PMA X SR P AR (g, BEIC. © 1% fmo o
(LRI . IC UK B RE IR, B g, | -
R EALEEEAWGANES . FR, A S s | £
BEFE, ICHE ML R] 88 Tacie o o 8 140 =
RO | W SR R R R R - 1
KWL, BRI E LR ol I

B PG, FEVRBIFSE A P I | okl 1K 06 Chain lengthuit

T B3R T 5T R A R B 25 o
2.6 WEMEhAHZE

Fig. 5 Effect of chain length on SBC and IC of media

Tl £ 7 S RI D KL% B A I AE A% KSR ) DMAPAA 245 847 i (FastSep-DMAPAA-n, A5 il 1 4
Kn B FE 2 2. 577, RRIAFRAYHEE 58 TR 2.

Table 2 Physical properties of FastSep-epoxy and different DMAPAA grafted media

Resin V(2-AM added )/mL V(DMAPAA added)/mL 1C/(mmol - L") Chain length/unit
FastSep-epoxy 0 0 0 0
FastSep-DMAPAA-8 0.34 4.1 11743 8
FastSep-DMAPAA-5 0.54 4.1 120+2 5
FastSep-DMAPAA-4 0.68 4.1 118+2 4
FastSep-DMAPAA-3 0.91 4.1 1202 3
FastSep-DMAPAA-2 1.36 4.1 1211 2

A BT A% iR 3 A o i SR, A R TC R 25 B2 0 ot R O B A ] A A% B i 58 BT AN
[f]. LA 1 mg/ml BSA B IRAE AR [, SeEUER 2 /S RIS R 4% K A DMAPAA $248 47 J5 64 708 B 50
MG, ZERAE 6 (A) FR , XF45 SR IE 1 T 200 [ 2 1 #0005, 158 70 T P R 5 25 0 (g,) F
YE 2 3 R B (k) , W 6 (B) AN 3 i/, RPFKF0.999%, U B i — R o)) )1 A RIAF

FastSep-DMAPAA X BSA i {454 .
200 * 0.8 ®)
180 F - - ’ 0.7 /;
0.6 5
~ 160 g ~
O o Lo05
& 140 - e fk; 7:7 : . E 0.4
& y R !
%D 120 b . ﬁ f cos ¢ * o éﬁ i
3 f = Hastiep: e R =N " FastSep-DMAPAA-8
100 | FastSep-DMAPAA-5 = 02 * FastSep-DMAPAA-3
~* FastSep-DMAPAA-4 01 4 FastSep-DMAPAA-4
80+ 2 v FastSep-DMAPAA-3 ‘ v FastSep-DMAPAA-3
i |. | | . FalstSep-l‘)MAPlAA-2 or | . . *FastSep-DMAPAA-2
o 0 20 40 60 80 100 120 0 20 40 60 80 100 120
t/min t/min

Fig. 6 Adsorption Kkinetic curves(A) and pseudo-second-order kinetic fitting curves(B) for different
DMAPAA graft chain lengths

Table 3 Adsorption kinetic parameters of grafted DMAPAA with different chain lengths

Resin qt/(mg'mL’I) kJ(mL’mg’I ‘min’") R?
FastSep-DMAPAA-8 196.5 0.00125 0.99961
FastSep-DMAPAA-5 146.0 0.00252 0.99952
FastSep-DMAPAA-4 138.7 0.00390 0.99992
FastSep-DMAPAA-3 137.6 0.00396 0.99993
FastSep-DMAPAA-2 130.9 0.00418 0.99985

MIE6(A) M3 FTLIE i, 5B RIBE R A4 et BSA BIA BT i 455 RE ST, ARTR o R (1C)
T, BEEFEARIE N, AT B B 25 g, A 130. 9 mg/mL B fINE] T 196. 5 mg/mL, SRR 2T KA
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R 2. 3 WA 23—, TR BE KHE I, AR M3 Bk BN . L% e
GO HO T T FE-PMA B 13— KU, BRI, o T4 e 2 WL, e
WL R I F MRS SO 1 T2 RIS AT . 2400 T2 AR ORI, 2%
0B 11 SV 1 IR A LR T, 2 FECE e b (LI 975 LGB ok i
T SFEA A 5
27 HRENHEESFROHM

0T %5 B4R VRFE (0~0. 25 mol/L) W /R LI E 041 TR BT B, WA 90 o 5

[l i 3% % JE ) DMAPAA 2K A i, fn &4 0 0

FastSep-DMAPAAn, n FER A0 AL 385 % , B 180§ o i Duaph TG
FAPFRAOR . FEHRASEBH0-0.25mol/l) = 0] N\ TR DuATMAR
P, SBC A WG £R vk B2 (3 Jinim 22 7F B A A, I 8 1207 * FastbepDMATRAZAT
ARG TR . SORPDbE B TEEN 2 gl

Keahn, v BRI Sg R , IREAR T 8 F S ﬁg&

AT RNEAN e AR BLAE DY, ik eI AR B 20l

IR H B SO R B R B LA R S Wé TR e T
e 20, Bt TG R 2 R ARG I, A ST 2 1 W Salt concentration/(mol-L-"
i TR RASONGE , B S R Y Fig.7 Effect of salt concentration on SBC of media
XoF R FE AT A2 BE 0 BE K, I IR AT BB AE TR R Y with different ligand densities

Be L5 B AR AL T Z B A5 B i .

3 & it

TR T —Fh 3T “Grafting to” Vil 85 RALES 18§ F A2 A B s, i AR R 5 R IR &
S pDMAPAA BE K A AT HE IR G, b TG LR AR NG AL IR . R B, XA R G R
K DMAPAA, “Grafting to”%ﬁ"ﬁ%ﬁ%ﬂj“(}raﬁing from” 5 i AT, ATE Y SBCL (180. 7+3) mg/mLJ v
IC[ (245.7+5) mmol/L |H & 5 F 5 & [SBC=(68. 4+2) mg/mL, IC=(61. 0+5) mmol/L]. 4Hf KL — &
iF, SEINEE R AT HE T IC 55 SBC (¢, Fe ik 196. 5 mg/mL) , {ELIR Ry s () o7 BHLIE A S 85014 i o R 5 fiE
—E I, $E R B AT LA A R T A5 G s i B, HET S SBC I N[ A% 55 (174. 0£3) mg/mL].
A BT SBC 32 Fh W BE A SE MR A, B i BC 25 B A T 45 G f F 6, XT3 Wk B Ay it A2 P o
5 . BFRCAS AL A R AT A R 55 B B S 2 M A A il R AR L T — e 7%

2 % X W
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