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Mechanistic modeling for cation exchange chromatography process
of trastuzumab and its application
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(1. Pharmaceutical Informatics Institute, College of Pharmaceutical Sciences, Zhejiang University, Hangzhou 310058,
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Abstract: Cation exchange chromatography, as a commonly used separation and purification technique in
biopharmaceutical manufacturing, is often employed for downstream processes to separate target monoclonal
antibodies from their charge variants. For samples with complex and poorly resolved charge variant profiles, the
collection solely based on ultraviolet detection does not provide specific compositional information for individual
charge variants, making it challenging to determine the range of pooled fractions directly. Subsequent laborious
fractionation analysis is then required to guide collection according to production requirements. A mechanistic
model for the cation exchange chromatography process of the target monoclonal antibody's critical components
was established, and it was employed to assist in product collection. The model accurately predicted the elution
peak shapes of the modeled variants, with a root mean square error between predicted and actual values below
0.009. In comparison to the online ultraviolet-based collection method, the model-assisted collection method not
only visualized the chromatographic process but also increased the relative productivity by fourfold while ensuring
compliance rate.
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X T M2 BR BT, AR HL A oA AL R e S
HER?2 % [ (1) 45 & e 21 A [, AT 5 e ot 38 B 1
T L RN PR DL R 2 5 R, o2 BR S AE D R L2
PO R, TR A DR AUE 72 i SEBRTT 28, 75 M 4R =
H R A S AR 1T BB

TEAEYIHIZ) N it T2 h, G i 2
PETHAE P RCR P AT G0 oA B S R et
W% (cation exchange chromatography, CEX) # f T/ &
FPLI EA FRR . AT ARERIAA 2RO E T
AL CEX T. 2 . M i 52 56 % 11 J5 1 (design of
experiment, DoE) & . #AE 80 2 il sk 5 T 2%
5 AL 77 R H AR L B G A, XM I iEA TR
BRI BEIRPEE, H T AT 2 0GR, B 1& B TR A
FRRIR 2RV B T AL SRR ) IR B T,
Tk R WL VA5 B TR K RE . H
A Jof2 7 RIS 2 T R AL R ) R B 23 7 R 4 e
FERCJL (1) IR TR] P9 SR A5 5 e, AT B i AR AR Ak, HES)
AR T AT RN, S AR B, L3R A A A B
By B AR B N ), aTH TR IRSS G R
TR T A S T A 4 O LL R i R AR AR
B oof B AT S DT A4 Gy B Ok R R B, G Rk FH b AE AR
520 B 28 i T 4l 4k Ak B DAAE N S % ) B R
a2 E 52 3 SR R DR I ) A5 R EK T 2, T
afi b2 BRAT e ME LAEAT, A8 IR 46 M0 Rk gk AT A 1 Bt
FU AR AR

i % A Y (general rate model, GRM) %% & {7,
T AT PR i e RRTURE PN A5 i) PR J5 A s, R 5 0 YA O
e BT LY BOSE R e B R AT, AR
F 52 4% i ook A2 R 23 JR) i AR SR 4
(steric mass action, SMA) H ¥ 2% i1 & % 77 v 5 1M
Sk, W F TR BT o Bk R TR S AR T I B
FRIFHYE 5T 18] o W B FH B4

AT FUET X A AT Tl A0 Ab 3 () i 22 2R AR )
FRAbh 245 HS022 A= 7 r [E] 44, 4 H] GRM AT SMA 4 57
B A et R o R LA A, S I O B 4H A e AT
B RAE . FEARE A PO A Rds 185 & 9
V0 L, 4 B O, TR ORAIE = S A R R L S B s
AR F= 2 445

MRS RE %
FERSIRF HS022 28 F B 750 et 1l Ab PR )5 45

FIMIPe i (5 22002, B IE Y H 256 PR A 741
fE, FE S AN HEAT B Al A b B, B TR B (Mt 5
RH408179, i 5 WAk 25 AR A BR A 7 2 B
BR 3k (b5 12123631, iR s T AE (LR I A B

AT EALEY (5 C14845080, i3 7 AR AL BHE
A PR ) BE B S B 7 9 B L AR B . R
1 FE 2000 (It 5 528E054, Jb 5 R EF R A R A
=) IR (FH45 20200128, [E 24 4 A 46 2% 3700 A R A
Al BB A R AR R ERGN . AE MW (S
20210730, 254 10 22 3700 R 2 =) e B AH Bk
FEAE A ST & .

{UEEI%E AKTA pure™ 25 L HE H4i{L1X (Cytiva,
) FoA 20 pL EFERR | HL S 28 0 DU 2% | 58 A ) 25
(P, 280 nm, JEFE 0.2 em). B JEZH 43 U 4E 2% F9-R LA K&
UNICORN 7.0 # il & %t; 10 mm x 400 mm ffJ Generik
FPLC 4 (J5 M FE 7> BHEA PR A ) 54 25.5 cm 5
Poros HS50 # JI§ (Thermo Fisher Scientific, 3 [&);
150 mL Highloop # 4% & & 3 (75 MM KA A A R 2
7]); Spark £ I fE B #5 1X (TECAN, % 1); Centrifuge
5424 R B 0L (Eppendorf, {#[E); ProPac WCX-10
4 mm x 250 mm#¥ (Thermo Fisher Scientific, 3£ [E); Agi-
lent 1260 /& B0 (151X (Agilent, 35 H); Milli-Q Syn-
thesis 7K 4l R4 (Merck, 72 [H).

PHES FRR#MEIGRI o6, AR A (B
FHEEMH, pH 5.5) MLENAH B (B R #h 22 #1 W, pH 5.5)
P OIS R S RE S, EFFEE N 154 mgrmL' Y
Fedh o BEAT P 5 P05, RAZVERR T . 25 ok
6 2810 3% B FUELA 1) 40 mAU B, 2H 2 U 4R 3% T 46
PRt BB WA | mL, BB E AR KT 40 mAU
P4 kB RE . BJE, 8 0.5.1 mol- L & A A 4N T Vi
HEAT (14T 1) B A 5 AR AE

LK S 56 4% 4113 3 DoE # 52, [ 5 pH N 5.5,
UL T8 AN AR BN 2 4 40 R T 65% IR R AH X
FEERANFE S ARG R o F R R AE 2.12%107 ~
4.25%10* m-s™ 22 [8], 3% WA FRAE 4 DN AR FR (column
volume, CV) 2| 6 ™A 2 6] 28 4k, 347 2 R F 27K
SE3A L B AR SIS T, 3T ISR . kA,
TG S 2 R LR A AT T B RN
3.85 mg-mL F) B 6 TAH B2 0 i S 37, 1 40 1Y) S B
KAWL,

DTSRI 14r 4012 000 r-min” F£3E B0 10 min
Jei, B EIE W, K Mk B R ¥ (bicinchoninic acid,
BCA), M EEAR X 562 nm i1 K 158 AR % BE I E %A
TR B EIREE . JRHE MR 4 2 1 mg-mL!
Jei BEAT = A0 AE €83 4 AT (high performance liquid
chromatography, HPLC) 73 #r. 1 Fl i sl 4H A (B2 8
L2, pH 7.5) AL BNAE D (B IR #h 22 #i K, pH 7.5)
HEAT SR BE e B, 55 ARSI K 214 nm, 3B FEFE
50 uL, 7R A3 E 0.8 mL-min™, AR 25 °C. X 4 i K]
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Table 1  Experimental condition of the cation exchange chroma-

tography. CV: Column volume

. Velocity Volume Loading
Elution mode Number a0 )
/x10"m"s /CV /mg-mL
Linear gradient 1 4.25 4 15.4
2 4.25 6 15.4
3 2.12 4 15.4
4 2.12 6 15.4
5 3.18 5 15.4
6 3.18 5 15.4
7 3.18 5 15.4
Step 8 4.25 5 3.85

AT F IR, 456 2 m E LI bR e h 26 ih A
TR 43 v & H AT S O IR BE, AR B B K TR B 2
A QII] i el

TR AR

afi gy ARE PO & PR e R AR TR A, (=
Acid, M, Basic) /7 s W A4, Bt (K1), A= 2t
SRR P H 7 S AR N AN T 25%, BT L RS ST AR R /N
T 15%, TR RKT 65%.
Ai

FXF P2 M P~ (relative productivity, RP) N
B WSS I ) ¢ B AR AR AR CV PRl R AR P R 2
B & (202).
o @

FEE SR FE A % (compliance rate, CR)
i R AR SRR O3 TR BT my, o USCER B R
I BB myy oo, HIEEBT (X 3)0

P= (i = Acid,M,Basic) @)

RP =

My

R = My pooL @
BiRG A
BT R GRM 53 7 i 4 T 78 il 4

Hh I BN AR AN D RHURL FL BSEIRD P . R — AL
BN e, KN L, 78 T A8 r, B ERTE SEORLURL
ONENZD ETE E =i = S Rl Ok i I N o0 5 10 e R b ¢
w28 S A% S5 R A e A R AT TR A 3, 5 O R
SERHTORE B Bl 1) 45 i R 3t 13 140 A 8] 4% 3R AS T 280, AL
4.5,

o e g [l (=]

ot it gx &, A
P,
w2 “4)
K, ¢ M7 i FEBARA TP BRI, ¢, (r =

r,) A ALy i AR SRR, 3 UM AH o Rk, i >
0, 4i=0m, REERAD, T wu, .k, D, 754

2 ) BRI « A% Jot 2R O i ) 47 O R

% 8 — UKL FLBR 30 ¢, IO BRTE SFORIORL, TR A&
FIUKL P9 PR A% 10) B, 5 RV T 70 1 FE UKL P9 A A A AL
¥k, WS,

€, ag;’i + (1 - sp) aaqtf = Sp;i(rsz‘t?) %)

o, e, AR 7> i 75 UKL 18] B VB4 AR Hh I E
1M g, AR 73 i 5 HURHBORL (1 45 G iR . D AR IR
RIORLAL R o B LY B R 2

A E L AR T Ja SR A, i3k 6~9
D, ac(tx =0)

ctx=0)=c,(1)- 420 (6)

Uy ax
%(t,x:L):o,tzo 7
Jac. .

2 (1xr =0)=0,1> 0&x e[0.L] ®)

dc. . k

OCi _ _ K )

o (t,x,r rp) 6D, (c[(x,t) cp!i(x,rp,t)),
t>0&xe[0,L] C)

W B 25 2R AR R R F SMA 53R ¥ i 4 1 7E i

B 5 ORI 9] 90 B P, 2804 16 SEURHBUR 26 T
a@wﬁﬁﬁwﬁmaﬂm% b 10211251 L

% =k (A-S0 t ﬂf)q,-)v'cp,,- - kg qicy (10)

Go=A->" vg (11)

o, 48 g, Ao i SIRPIRL K 45 5 IR IE, ¢, 1RA
53 i TE RO [B) BB AR TR IR B . BB TR E AV
15T R ARe AE P ey 0w, B BE TR 3 o, DA R R e R
0B ke, R AR R T R ke 3 RO T T R R

HUH ML B GRM AT SMA K B H  B 23 75 R 38
T U A A 3 b A T TR AL (chromatogra-
phy analysis and design toolkit, CADET) i 1T 3K fi#"l.
CADET X H A BR AR FRE J B A AT AR 45 K AT 2 [H)
JE o A O T REREAT B HOG SR . B R L T
ZIEEEOR, USRI K SR s 1 e, IF CAE B T
Al AR A B T R B

ZHE BETR ST RBUR I, —3K
AL S L ORI S B B, 9 Wik S HORE i 2
B, — R AT I 8 Ty A A 1S B, 4 R B S

P RS, MK LR D DL SHEL R B A2 d
L7 U AR, AL 6 VR AL R R 6 1
ANTR) B 7 5 77 AR FRHE BH 2 #1925 (size exclusion chro-
matography, SEC) S50l & 134 8 7 75 & A 8 i iR
TR 5 S5 W 5 P40 AR S 26 A L3 2.

X T AL 5 2 A, Sl R B D, SR
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(height equivalent of theoretical plate, HETP) $k5>>%47,
HEA W R B ke, 5 ALY B B D 1 ORI R AT
FSP BRI FE AR 2.

XTI B 2 4, REAE BT AR v, B i DR o, AT B
T A H Bk, A D7 38 e ) A S5 B A
s R ZME . N T bR, J& TR —
FoF i 180 AN 7] B AT S B0 A 1R 5 iz K] - 48 152 € D AH [ 1)
B, Bk, ABEE N1 LG, B8R EVHE
¥ Hl CADET 3K fif¢ 4% £ 47 — U AR TR A 4L, e 2R
CADET-MATCH H {3l SRS HE Fr it A% 53, 7E45 72 1
530 [ P ot S 56 B 4 S AU B 2R 1T 2 H AR AL
i bR R AEVE T (shape) 1FE 1G53 48 F5 (scores) B4
AN TG, FRRAE % 27 77 1 (sum of squares due to
error, SSE) i it Z 4™, A AAmAE WK 1.

HER5Tie

1 CEXEIEZR

1.1 EHEHREEREAMEE  FFRZE HPLC 7347
JE 19 BB HLA S AR A A LA B 2 B s . F3AR
R, RS 24.62% TR P FELAe S A, 53.07%
(1) 857, PA B 22.31% R F far 2 o 4k . AT 2 o
AL, Bl R S PR R R 2 Hor B AR . S R
G330 Mot B 1) e F22 0T (1) 2 4 1R AT AR, TIOR8 i
AR A SRS Rk R AR A 43 I, B HPLC
TR 5 S A P B e % J B A 2 v B AR, A
[F) BT S5 O AR A AR O 6 A 2 v i 0 Ak T 5 9
N ] —— 4 402385050 15 2% B E AWM A B =40 F
TR, 43 0 2 IR R AT S O AR R 3 DU S R P LA

Table 2 Measured and calculated parameters

Initial value———
3

CADET

simulator ;
I Searching range

Simulafed data

Experimental data

CADET-MATCH
UNSGA3

NO

cores=Shape
If Score

NO
YES
YES

Figure 1 Flow of the inverse method to fit the adsorption param-
eters. CADET: Chromatography analysis and design toolkit;
CADET-MATCH: Chromatography analysis and design toolkit -
parameters matching; UNSGA3: Undefined and non-dominated

sorting genetic algorithm-III; SSE: Sum of squares due to error

JRAE AAVER A, F R0 1E M, B HL A S 0 4 i
PR AN FEL A S AR B1 AT B2 A 9 N B

1.2 GERBRSEIE ST 1IN BRI A b A 4y
[V B R 2R AN SCEHE an B 3 Bl o MU 3 ] AL, 55
AN AT i 2 53— AN DK PR R AT 06, 2% BH A Ha A S R
IR S 28 5y 3 H B AR e v 2t 7E 210 min
77 A A P /I O D) 2 B 60 P P AT S O A SIS IR T R 43 4

Parameter Proceeding Equation
D From manufacturer -
L From manufacturer -
d, From manufacturer -
I3 1% Acetone as tracer performed pulse injection without and with column to get ( Ve ace— V. d) D>
system dead volume V, and acetone retention volume and Vi, 4. &= N | Ve = 4 L)
&, 1 mol-L”" Dextran as tracer performed pulse injection with column to get dextran (ch e — Vd)
retention volume ¥y, p., &= N 1
e, Formula conversion e=e,+(1-2)¢,
A The column was first stabilized through HCI and water flushing, then titrated with A= 1000 ¢yaon" Vaon = Vo = Vo)
0.1 mol-L" NaOH until a conductivity increase was observed, denoted as Vy,oy V.
(Ve =Vl -€))
D, Peak integration in dextran pulse injection D = u;,  HETP
ax 2
HETP: Height equivalent of theoretical plate
ki Wilke Chang equation correlation & penetration correlation D. =274 % 10° M%
4D, u
kg = | —7— M = 148 kD
film V/ d, ( a)
D Mackie and Meares correlation




IR B ST B TS St i e R LA R s 5 R LR

1395

=}

<

g

= I

S Al B

2 |Acid Variants

2

£

< Al A2 A3A4| Bl B2 B3
Time / min

Figure 2 Results of HPLC analysis of the loading samples. Axes

scale hidden for confidentiality reasons

X545 Bk WS 5 5 240 5 MR LU AT 190 5 M A% 114
% — 5™, 7F DoE 15 & Vi [l Y 5022 it i 5 I 1t A
JE, AN RE SC B L 3 AR [ B 2 00 8, USRI it
TEAEH 5 A5 R S oA () ELAR Al

“ 005 - ———2500
£ ¢ 8 = 5
s B
=] \ 2000
& 0.04 Il .\ fﬂa
= 1 -
£ 003 +, *. 1500 2
g \ 2
1
g o0 I L oo &
154 ! \ 2z
g
S ool o A‘A‘\“ 500 <
AV
190 200 210 220
Time / min

Figure 3 Reconstructed concentration profile using fractionated

elution pool and UV trace from Experiment 1 at the elution times

2 HIEREY

21 BERWME RIS NEBITR S HO A
Fi5 o X TR S8 IE RS0 124,58 IR Bodle
BEAT OO, A R i 5 L 0 R A AR L T AT R R
RS (38 I, O HL s 35 A [ 0 e Fe A8 KT DA 2%

A ! I K | Model-A
0.03 : : e Model-M 2000
'?E . 1 | = Model-B 5
1 I A Data-A
3 ! | ® DuaM 500 é
1 | W DaaB
E 002| ! ! uv_p P
g : : Model_P c
o= ] 1 UVdata | 1000 ‘é
151 [/ 1
g 0.01 I : §
g : I 500 <
&)
192 200 208 216 224 232
Time / min
C o004 i
Model-A
Model-M
"'\E Model-B 2000 D
= 0.03 Data-A
S Data-M é
E pataB | 1500 Z
Uv_P =
§ 002 Model_P 2
§ Uvdata | 1000 g-
g i 2
2 0.01 : <
g ! 500
&) 1
L
200 210 220 230 240 250

Time / min

A 2 i r) G R Al R RT R RRAE LA BB
P B I 8] (1) 3 m i a2 i A2 K, R EE P A<M < B,
FFA A, X WIUE T 211 & FF B1 M B2 /E N [FE—4H
Iy A EL N R, A5 M RFE B A A0 22 R
BN, M PASR 1S FE 28 43 R (baseline resolution)*, M
5 B WRFAE AT RO 2 22 K T 0.5, 1IX 5 &3 1 B (19K
JEE VA J0 R 4 B R . — B

Table 3 Parameters for the modeling

Parameter Symbol Value Unit

Column parameter D 0.01 m

L 0.255 m

dp 1.0¢* m

£ 0.72

g, 0.41

A 276.06 mol-m™
Mass transfer coefficient D, 9.08¢™ m*s”!

ke, 2.37¢° m’s”

D, 1.50¢™" m*s”
Adsorption parameter A M B

v 8.90 9.29 10.46

k, 2.03 3.03 5.97

o 32.02

22 REBIFM R FH B s 56 4R b R 3R AT 2 B
A SIS HEAT O, SR58 223167 Y M i B A 1 45
Hh A2 73 R R A 55 R Y TS L An 1) 4 B s

M 4 Hap L, R AE 2.12x10%~4.25%10" m-s™ Z ],
Ve AR FRAE 4~6 CV Z ), 15 RUAR 47 #5000 1 e A 4.
53 e B W PR TR, FRONME 5 B SXE 39 7 iR % (root
mean square error, RMSE) /N T+ 0.009. 73 245 2 [A]

B : I
0.05 I A -
— Model-
” : s Model-B 2000
g 004 L A DataA =]
a H @® DaaM <
g | e W ows | 1500 E
0.03 : uv | =
g H Model_P S
- | e uVdaa | 1000 I
g 002 ]
g l i Z
2 500
é 0.01 !
I
1
375 390 405 420 435
Time / min
D oo04 T T
1 Q@ —— Model-A
! = Model-M
5 ! — Motel5 || 2000 S
= 0.03 I A Data-A <
S 1 ® DataM g
E : ® pwsn |1500 2
1 uv_pP =]
'E 0.02 : Model P -g
§ H Uvdaa |1000 g-‘
3 0.01 : i %
Q £
£ I 500
S i
|
200 210 220

230 240 250
Time / min

Figure 4 Concentration of modelled components in the fractions received during the elution periods of experiments 2 (A), 3 (B), 6 (C) and

7 (D) versus predicted values and collection time points based on different judgement criteria. UV_P: Pool range based on UV data (gray

dashed line); Model P: Pool range with model assistance (gray solid line)
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(2 Sl RE AN R R 5] k. — 2 BT id B H R
BRI HAR . HIR, KRG S5 S5
BT R R R i B B B, 2R R PR R SR AT S
62 S T N ) SE BT O A SR B Y T H AR
FE AR =LA B IR 2 42 AN [ B S5 5 AR 1) EL B 7E —
SE VAR N, FFANER FT A FAar 7 S5 RO B DDk 52, TRk
AANE — e R n] LR B AR o

3 KERRK

3.0 ETFTERIMNERR  FESLRA L, P L
SR RUTE AR R AN R AT I . BT, sk
e S UV BB 1T 500 mAU B FF 46 UCEE, B4 1H
PUCEE 1 mL, e R AR RIS 1) 2.8 CV I 1R IR,
W 4 s KRR TR . BT SR AR TRV HE R S
B 5 A R AT S AR (V) LA A R, BB R A 15 B
FE AT RETCVE SR AT A AR ER . R, O TR BT
A ol B SR W, 7R AT BBk B E A
HPLC 73 #7o  JE T 58 AP 0at USc B 7= i, A5 23 o000 45 5
B R AE R P2 2 5 7 A RS R AN S B R . X R Ty
A TEEESR Sy AIMVE L, m B, &
AT B 2, D iE N IR 4k

= 6 3 RP
O CR
o 5
<
? 4 57.6%
ERE 60.2%
=
e, 53.0%
£ 56.8%
2 4
=
Q
% 0
2 3 6 7

Experiments run

Figure 5 RP and CR of each experiment based on UV data

collection. RP: Relative productivity; CR: Compliance rate

32 ETREMWEARR O 7R IR
F, AL AE BB, 7 5 IF 08 20 5 TN A L0 B E
ELAL, AT A B PSSR T & 287 EOR TR o Y
WL SR R AR A B 6 BT, T S, T SRR
BEAT 1 [ RSSO AT 28 45 25 7 VR P58 I I 1) A2 A 10 o 28,
LLO.1 s Jy ) B T 550 2% el A 4 7y (O 20 52 5 B o, ) A
filtered bRy £ ide 3545 5 40 P ZER (1 I (8] k5 JE K5 A N &
I IR 4R A, R85 matpilot 52T RLAL, W] 4
IR SR PT7R o S Bs NP IR, F90000 A ] B A 8 23
A EAE G IF, G s AL TR B2 AN 23 34T HPLC 2
B, VAR 3& ™ il 4005 o IXARSCER O 3T B A S 0
SrWCSETE L, gD 1B 2> HPLC 73 A7 i, AT A &%
FRARSEIR A o B TR RIS 4 7 i, A28 T 4 S B
FRIAR X 7 2 57 il B M AR B 7 s o DRLRE 7 S P

I, FFAEFTA L Aar e AR AR AR, TR b 75 AR HE = b
fi A ML B AT 7 A5 S 035 R SR, 7E A S5 Hh i
T A<16%M > 74% F1 B < 25% 2l EF Bk . DLseit
2 M, A FCEE 5 50, A = % B 6.003 9 gL h!
WK 224,464 3 ¢ L0 X EC R B, A AL Gl B P I
EELELRAE = i A W R TR B, T 4 AR 6 72 R, I LI
/b7 HPLC 73 M i TAE & .

Load

r[nput 3

CADET AKTA
simulator
i !
Interval = 0.1s U tamoe
‘ Purity | | Time_UV |
filtered
Visualization
l_YeS No—l

HPLC if
necessary

Pool by
Time M
Add if qualiﬁedJ

Flow of model-assisted product collection. AKTA:

Figure 6
Protein purification apparatus; Time_M: Time point for the merged
fractions determined based on model prediction; Time UV: Time

point for the merged fractions determined based on UV data

= 03 T% 1 Re
a 025 zA Cr
on
~ 85.8%
2 20 L)
Z
o 15
3
= 10
g
£ 5
©
~ 0
2 3: 6 i

Experiments run
Figure 7 RP and CR of each experiment based on model-assisted

collection

£

AT TN it 2 BR BB IR B S 5 S e (i o) B LT
SRR R 7B . SRR, HGRM 5
SMA H4J B2 fA A5 R R TN €2 8 A v S B 2 2 1) e I AT
N, BOME 5 FCSAR 18] ) 25 75 iR A% 22/ T 0,009, [+
I, SR T — R A B ) s Oy K, 207 U E
BAR WD G IF, AROBIRR TSI A, Th iR mit
XF 7 A AAE o W TU N ST LA S B AR e AT T e
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RALSEAL 7 HLm, W T gt A A R A B L E
FAF AL B8 SR SRR ) 52 o S SRR T b, A5 R
GG TE A SRR B R, AT SR e R
BE, DU AL BH B 7 58 2 M S B A2 7 L2 S ikl
(Wi

1B TURK: 25 SR AU 5T S50 TAE B AL HE R SO S
EU RS 1 S En A B 5 VSR TR B RO BB R
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