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Efficient capture chromatography processes of proteins
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Abstract

Biologics (recombinant protein drugs) such as cytokines are used in low dose.
Consequently, as the production size is not big, the efficiency of the manufacturing
process was not considered important. However, for some high-dose recombinant
monoclonal antibody (mAb) products, an annual production of 1 ton or more is required.
In order to improve the production process of mAb various technologies have been
developed. The cell culture process called the upstream process has been dramatically
improved, which results in ten-fold increases in the mAb concentration over the last 10
years.

Although there have not been epoch-making innovations in the purification process
called the downstream process (DSP), so-called platform DSPs have been established.
This is because a product-specific purification process is not needed as the properties of
mAbs are basically similar. Increasing cost pressure requires much efficient DSPs as
they are expensive and increase the total production cost. Platform DSPs usually consist
of three chromatography steps, a capture step by protein A chromatography (PAC)
followed by two polishing steps (ion-exchange chromatography, IEC). Such
chromatography packing materials (media, gels or resins) have been improved
remarkably recently. It is now possible to construct an efficient DSP by choosing
suitable chromatography media and proper operating conditions based on mechanistic
models.

Protein A chromatography (PAC) is commonly used as a capture step in mAb
separation processes. Usually dynamic binding capacity is used for choosing the right
PAC. However, if aggregates can be efficiently removed during elution, it can make the
following polishing steps easier. In chapter 2, a method for choosing the right PAC
media in terms of mAb aggregate removal is proposed. Linear pH gradient elution
experiments of two different mAbs on various PAC columns were carried out, where the
elution behavior of aggregates as well as the monomer was measured. Aggregates of
one mAb were more strongly retained compared with the mAb monomer. Another mAb
showed different elution behavior, where the aggregates were eluted as both the weakly
and strongly retained peaks. In order to remove the two types of aggregates by stepwise
elution two protocols were tested. The first protocol A consisted of the sample loading,
the wash with the equilibration buffer and the low pH elution. The wash stage of the
second protocol B included the wash with 1.0 M arginine. No detectable peaks were
observed during the wash stage of protocol A whereas significant peaks were monitored
during the arginine wash of protocol B. One of the PAC columns showed a smaller peak
during the arginine wash. In addition, both the aggregate removal and the monomer
yield were higher with protocol B compared with the other PAC columns. This method
was found to be useful for choosing the right PAC column.

The temperature is not considered a critical parameter in DSPs. However, the



manufacturing process is most often carried out at room temperature whereas the
early-stage process development may be performed at low temperatures in the
laboratory. It is also important to know the temperature dependence of chromatography
performance for the process validations. In chapter 3, the dynamic binding capacity
(DBC) of model proteins on ion-exchange chromatography (IEC) was analyzed based
on a simplified pore diffusion model in order to develop a simple method for designing
a capture chromatography process. A dimensionless parameter, udpz/ (ZDy,) was derived
from the pore diffusion model, where u is the superficial velocity, dj, is the particle
diameter, Z is the column bed height, and Dy, is the molecular diffusion coefficient.
Breakthrough curves of model proteins (Lysozyme and mAb) were measured for cation
exchange chromatography columns at various temperatures (8, 13, 18, 23 and 28°C).
The DBC/SBC values (column efficiency) was calculated from the experimental data
were well correlated to udpz/ (ZDy,) (SBC = static binding capacity). The DBC/SBC -
uodpz/ (ZDy,) curve was found to be useful for designing efficient capture processes of

proteins
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PAC 1K Supplier d, Alkaline Base V. [mL]
[um] | resistance matrix E#E pH B A HY
ABLE HZE R FER
ProSep MerckMillipore | 60 No Glass 1 5
UltraPlus
MabSelect GE-HealthCare | 85 No Agarose 1 4.7
MabSelect | GE-HealthCare | 85 Yes Agarose 1 4.7
SuRe
Toyoperal Tosoh 40 Yes Poly- 1 5
AF650 methacrylate
KanCapA KANEKA 75 Yes Cellulose 1 5

d, = nominal particle diameter, V;= packed bed volume
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L. HEHRE 280 nm (28T H2WHE 1.0 L EO V' — 7 ZyEHE 1y & LT,

-7 m ha— LB TAF=UWIKRIZEDEERICEBNTIEL, =— &, 4CVD
Wl Ny 77—, 5C.VD1.0M 7 /¥=, pH75. 4CV DYty 77
—THF LT, ve— R, ROWEHEH T e ba—L A CREfEE L, BIERE
280 nm (ZF 1T WO 1.0 L EDO v — 7 i HE g & LTz,

72%3. ProSep UltraPlus, &% Y MabSelect (22T, 7/F =2 1.OM (212 T,
1.5M., 2.0M {ZDOW T e L 7=,
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2.3.7 SR EOHIE

mAbs D ERIE 135547 Protein G 7 7 o =7  — % 7 I (POROS G20, 4.6
mm LD x 50 mm, Applied Biosystems)% >, #E#EIX 5 mL/min & L7z, 777 LD
AL & PEI2IX 0.05M U VEET N U U ARERETR /0.15M (kT U v A (pH
7.5) AV, BHIZIF01SM (LT N U U ARG TeAERRER (pH2) THEH
L7, BIEREIZ280nm & L7z,

2.3.8 £/ v —EEBRDOHH

T~ —g &N oHTH SEC 77 A TSKgel Super SW 3000 (7.8 mm
idx300 mm, Tosoh Bioscience, Japan) % FA\ 7=, BEIHHIL 0.05M U > g KU o A
TREE /0.15M HibF NV o A, pH 7.5 Z V>, FEEIE 0.5 mL/min, HEH KX
280 nm & L7z, HPLC ZE& % Agilent 1100, 1200 Y —X (Agilent, USA) % H
VY, EIR T CHOMT LT,

2.3.9 SDS PAGE (Z & % f##7

SDS PAGE H %7 /L3 4-12% Bis-Tris NuPAGE pre-cast polyacrylamide gel (Life
Technologies, USA), MOPS running buffer 2\ 7=, > 73U VSN ¥
LAEERE (pH7.0) THURBE 1mgmL L7225 X o/mR LT, BEBEVEZO LD
RIRIREOY T ATHIRE L & Lz, %70 65 ul % 25 ul @ NuPAGE
lithium dodecylsulfate (LDS) sample buffer (X4) & 10 uL ® NuPAGE sample
reducing agent & V&AL, 70°C T 10 77 > F = ~— L L7z, FFEIC SDS PAGE
D& 121, NuPAGE sample reducing agent # XV QK& L CRAE LT, T &
~—7—(%. SeeBlue Plus2 Pre-Stained Standard  (Life Technologies) % FV 7=,
TN 10uL 2 vice— KL, 150V, 65 4rfEvkEh L, GelCode Blue Stain
Reagent (PIERCE, USA) T¥:fa L 7=,
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2.4 R

2.4.1 mAb-A% I\ 72DBC D tL#k

DBC 1% PAC IZR T 2B OEE LR TH Y . BE, @b Ih T\ 5 PAC
FHIRDFE L%, 4 D FEE OBEfREFR T 35~40 mg/mL LA LD DBC Z#H LT\ 5,
mAb-A Z 72 10% 7 L —7 Z)b—7RA > MNZE1T 5D DBC O LLEgskE 5 %4 Table
312 T, TDFER. ProSep UltraPlus @ DBC IZEE#R [21] & FHEDETH 5
D 4FEOHEMELY bEmWELZ R LT,

Table 3 ARAFZETH /= PAC LD DBC D HEk

Name DBC RT
[mg/mL-bed] [min]
ProSep UltraPlus 55 2.5
MabSelect 44 4
MabSelect SuRe 46 4
Toyoperal AF-650 33 4
KanCapA 45 4

DBC = dynamic binding capacity at 10% breakthrough, RT =residence time

2.4.2 ERA pH DEAEHER
P27 & LT mAb-B.mAb-C % FV T B pH ABLAH EBR 21772 - 72,

fEF % Figs.11-1~11.5, & O Figs.12-1~12-5 {27~k 9", mAb-B Tl aggregates Lt
KEE—7 X0 bENTEH SN, BIH., aggregates (£ PAC 7 7 AT XK ViR
HEE L, BHO DI pH BARE L 725, FBRIOEHZEENITEEICHE X
NTHBY[22-23] . FDOZEET Figl0 1Tk > TREND, LALARAS, mAb-C
(2B % aggregates DIAHZEEN L. mAb-B OZEE) & Lhils L C, B Z#) 2R
L (Figs.12-1~12.5), MabSelect SuRe D7 — X TRT K HIZ, 25D —7 )3
BEINT, ZOFRENS, mAb-CIZBWT, 2 ODR2 5 X A 7D aggregates
DIFETHZ LR ENTZ, LT, TD1ODOE—27[IPAC ~D X VIV HE
fiEzF-oEBZB 2 Nz,

19



Protein A chromatography operation \

A

»\olume, V

Sample loading wash elution | regeneration equilibration
desorptio

Fig. 10 ProteinA 77 4 =7 4 —7u~ 757 1— (PAC) #1E

The sample solution containing mAb (target material), contaminants such as host cell
proteins (HCPs) and DNAs, and aggregates is fed to the column before the
breakthrough of mAb occurs. This volume, V, is often used for calculating the dynamic
binding capacity (DBC) as DBC = CyV/V; where Cp= sample mAb concentration and
Vi = column bed volume. After the sample loading period, the column is washed to
remove HCPs and DNAs remained. The low-pH solution is applied to the column to
elute (desorb) the product (mAb). Aggregates is expected to be bound the column,

which is desorbed during the regeneration period.

20



7 100
6 -5
- 80
5 .
S
jany - 60
S —=— A280 7
- .
2 3 - pH &
5 w0 &
Aggregates (%) <
2 .
- 20
1 -5
0 . e _,i-............_ 0
0 5 10 15 20 25 30

Fraction No.=Volume (mL)

Fig. 11-1 mAb-B {2351} % ProSep UltraPlus DERRA) pH AEEH 70 7 7 A
V%

Fraction volume was 1 mL. Aggregates content is the ratio of aggregates to the total
mAD in the fraction analyzed by SEC.

7 100
6 -5
- 80
5 pH 4.1
- <pH 3.7 3
24 - —8— A280 =P - 60
- +
5 5
2 3 —*—pH g
5 L0 3
Aggregates (%) <
2 -5
- 20
1 -5
0 - HeHs —«r—‘“-I-l-l-I-I—- 0

0 5 10 15 20 25 30
Fraction No.=Volume (mL)

Fig. 11-2 mAb-B (231} % MabSelect DEMEE pH ARBEH a7 7LV
Fraction volume was 1 mL. Aggregates content is the ratio of aggregates to the total
mAD in the fraction analyzed by SEC.
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7 100
6 -5
- 80
5 -5
S
% - 60
4 —m— A280 7
- +
° s
531 o Har 40 B
=< Aggregates (%) P <
2 -5
- 20
1 .
0 -—Wf | #‘.‘H—- 0
0 5 10 15 20 25 30

Fraction No.=Volume (mL)

Fig. 11-3 mAb-B (2131} 5 MabSelect SuRe DERA pH AEAEH 0 7 7 A v
Fraction volume was 1 mL. Aggregates content is the ratio of aggregates to the total
mADb in the fraction analyzed by SEC.

7 100
G .
- 80
5 i —~
S

asi | O
& 4 —m—A280 60
o =)
- —— 5
(=3
837 o L0 &
<« ]

\ Aggregates (%) <

<pH 3.7} 20
1 .
-
0 . bt Lo
0 5 10 15 20 25 30

Fraction No.=Volume (mL)

Fig. 11-4 mAb-B 231} 5 Toyopearl AF650 DEARA pH AELAH T 07 7 A
V%

Fraction volume was 1 mL. Aggregates content is the ratio of aggregates to the total
mAD in the fraction analyzed by SEC.
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8 100
7 pH 4.0
- 80
6 .
X
T 5 E
2 —m— A280 [ 60 o
54 8
= 4 =t pH %
o
23 A tes (%) (Y&
geregates (% pH 3.7 o
2 .
- 20
1 -5
R . ——_ e = U Iy

0 5 10 15 20 25 30
Fraction No.=Volume (mL)

Fig. 11-5 mAb-B (281} 5 KanCapA OERRK pH AEBEH w7 7 A v
Fraction volume was 1 mL. Aggregates content is the ratio of aggregates to the total
mAD in the fraction analyzed by SEC.

7 100
- 90
6 .
paa | 80
5 1 -0 o
T - 60
24 —8— A280 $
SR —+—pH ST
- ¥
2 4 Aggregates (%) [ 30
L 20
1 .
L 10
0 : : Bl = : 0
0 5 10 15 20 25 30

Fraction No. = Volume (mL)

Fig. 12-1 mAb-C 231} 5 ProSep UltraPlus DEMRH pH AEEH T2 7 7 4
L.

Fraction volume was 1 mL. Aggregates content is the ratio of aggregates to the total
mAD in the fraction analyzed by SEC.
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6 -5
<puss | %0
5 .
o —=— A280 -
I F 60 5
8 =t pH 5
23 pH 3.7 §"
3 Aggregates (%) - 40 &
ap
=
2 .
/ - 20
1 4 \‘.
0 . . Bu-p-a-" : . 0
0 5 10 15 20 25 30

Fraction No.=Volume (mL)

Fig. 12-2 mAb-C (231} % MabSelect DE#RH pH AEEH T2 7 7 A )V
Fraction volume was 1 mL. Aggregates content is the ratio of aggregates to the total
mADb in the fraction analyzed by SEC.

7 100
- 90
6 .
L 80
5 1 pH35 |
—m— A280 pH 4.1 70 =
s | S
24 —a—pH 60 5
- Spepe L 50 S
2 3 Aggregates (%) &
A | | -
40 &0
< pH 4.4 &
N <
2 - - 30
- 20
1 -5
& L 10
0 - : . [ o
0 5 10 15 20 25 30

Fraction No.=Volume (mL)

Fig. 12-3 mAb-C (231} 5 MabSelect SuRe D E##H pH AEREH 0w 7 7 A4 )V
Fraction volume was 1 mL. Aggregates content is the ratio of aggregates to the total
mAD in the fraction analyzed by SEC.
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100
- 90
6 .
pH35 | 80
5 1 - 70
- S
=y —m— A280 pH 3.8 - 60 7
Q
i =
3 pH A F 50§
Q3 - 9
40 B
< Aggregates (%) &
2 - - 30
- 20
1 5
; - 10
0 H-—--J . . 0
0 5 10 15 20 25 30

Fraction No.=Volume (mL)

Fig. 12-4 mAb-C (281} 5 Toyopearl AF650 DEMRH pH AREH 07 74
Jv

Fraction volume was 1 mL. Aggregates content is the ratio of aggregates to the total
mAD in the fraction analyzed by SEC.

7 100
6 -5
- 80
51 —=— A280 =
e H 4.0 o0 S
24 —a—pH 3
: g
%3 | Aggregates (%) [ 0 a
2
2 pH 3.5
pH 4.3 - 20
1 -5
0 —,—W‘J , \l--.-.-._ 0
0 5 10 15 20 25 30

Fraction No.=Volume (mL)

Fig. 12-5 mAb-C (2331} 5 KanCapA DEMRA) pH AREH T 7 7 4 )V
Fraction volume was 1 mL. Aggregates content is the ratio of aggregates to the total
mAD in the fraction analyzed by SEC.

2.4.3. BXERITAHIZ X % Aggregates BrE
mAb-C (ZEF D5 DX A 7D aggregates Z[RET H7-20oDH Lo —RK
BIZBIT DRI BEE T e b a v aEt L (Figl3) o ZHE T, W< o7
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DOYEE 7T v bVl FERFRMICEE SN MM RET HT-DIZRES N
T&ET[11,20] , EDOHT, XV 'E-5 "7 EHAALERSCBEKIIMEEIER
%Wié:kﬁﬂ%ﬁ%éTW¥:Vﬁ@%%&%MW?%6:k%ﬂ%ﬂf
CBEEANY 77— LT LAV GLIRTNS[18-20] » FAITTAF =D
aggregates PREICKTT DR %A 23.6 ETH =72 ha/LB(TAFXF=F9)
ERHVWCHANZ, 7a balt A (TAXx=8L) | KO7'a ha)vB (7 0F
=VEY) | ENTENOEHBRE Figs.14-1~14-5 (2737, #Efa T TFMICK
BEINT=T VR VMMEY T RaeB T HHAETH S MabSelect SuRe, Toyopearl
AF650 [ZBW T, WiF AT v 7 DBPE T < O aggregates N S 4L, 7/LF =
VR DBEEICLVE ) v B EEM ESEDH T ENAEETH -7 (Table 4)

(Fig.16-1, 16-2) —J7, Native Protein A U %7 > K (ProSep UltraPlus, MabSelect)
IZXEFT 2T A= RO RITHEY 7 R EER LT 7057 (Table 4)

(Fig.15-1, 15-2) , Zh&E >0 727> 7= ProSep UltraPlus & MabSelect (22T,
TNX =V REEZEO THREFAT v 752 LB FEREORE R TH -7 (Table
5 .

WEY T FIZBWTC, TAX = L AEEDNIRITHD Z Lotz
D, TAX=ZVEFIHEFICEHIARNTHLI L, BRETI VBB THLIZD, BE
KIBADEFFRREN END, WEaX NEBE LGS, 7 ¥= &
LOWE 7 m ha/Vn®EE Ly, KanCapA [ZBW T, 72 ha/L A (TAX=
VL) THROLNDSE/ v—FEIEL. e bha LB (TAFXF=UED) LiEEA
FRICTHDLZ EnNghro7cZ &v6 (Table 4, Fig17-1,17-2) . v h=z/L A

(TVF=2H L) T aggregates 7> KanCapA-PAC 7> b N FRAVIZPEEHFIRE/R = &
DRBEINT-, TNEHNODLTZDIZ, o7 a— RhbEEEE TORED
B4y % KanCapA-PAC 7>5 %318 L, MabSelect SuRe-PAC (Fig.18 (A)) OV~
NELTHERALE, £OME, Fig ISB)TRT LI, V¥ —T 72— R
MabSelect SuRe-PAC 72 H 15 5L, £ D KRE/ )Y Aggregates T D T & HIHERS
i,

ProSep UltraPlus, MabSelect SuRe, &% U KanCapA-PAC 77 7 L BigH LTz 7
7 7 v a %I SDS-PAGE, FEi&EJT SDS-PAGE (2L W ZhEnmir L=, JE
3% 70 SDS-PAGE DO#5E 5% (Fig.19 A ®L—>2) 75, KanCapA DV E4Y IS
% 80D aggregates N E ENTND Z &N gholz, L L7235, Heavy Chain
I% Fig.19 B (3&7C SDS-PAGE) DL —> 2 THIZE &1 ¢. Heavy Chain £ ¥ 43+

26



BOVNSIANY FRRO LNz, NRgY—7 Y ARk >TZ DR FE
EAT L7245 3. Fe fEI2SK4E L 7= Heavy Chain ThH 5 Z & BRIz, ZD
FEFDN G mAb B D Aggregates 2% KanCapA IZfEAHE T, BBV T5LF 20
iz, LU 725508 MabSelect SuRe TH H 417223, Fig.19A L 19BDL—2 6
IREND L DT, FilEY ES D aggregates 1+ KanCapA & LE#E LT L 0 D 7a)
27,

aggregates 7% Protein A [ZfEET 5 Z L 2B BT 5 &, PAC TFE T aggregates %
PRETDHZEIIRETHDLZ ENEXLND, LLAREL, & ODDOHFER
D, aggregates 75 mAb £/ ~— L DR < PAC EFEET HHEMADRHH Z &2
o TERY ., MUREHEGZREST L 2 LIk, KmHEELE
aggregates ZRET HZ ENFAIETHH T & bRBI LT,

c
o
=
T
S
-—
c
Q
Q
c
o
()
k=
&
—
o
a

Sample loading

Fig.13 Protein A 77 4 =7 14— u~< 777 ¢t —H#4E

Protein A chromatography is commonly used as an efficient capture step in mAb
separation. By choosing the right protein A chromatography media, different types of
aggregates (type 1: normal mAb-stronger binding and type 2: hybrid and truncated mAb
weaker binding) can be efficiently removed during the wash and the elution periods.
This study proposes a method to select the best media, which can make the following

polishing chromatography steps easier.
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Load Wash Elution
T ! — 0

A

3000~ 3000

ProSep Ultra Pluj [ |ProSep Ultra Plus
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@

Absoebance A280

1000+
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Absoebance A280
Conductivity (ms/cm)

Wash with arginine

" PR L L1 ‘ L 1 N |
50 100 150 (JJ 100 200
Elution Volume (mL) Elution Volume (mL)

Fig. 14-1 ProSep UltraPlus 28175 2 ORERIEE e harvEzRVWE
mAb-C D BRI H PAC

Load Was lution Load Wash _Elytion
T T 50

00k 3000

50
MabSelect o | MabSelect U o

(B)

2000+ @) 2000~

Do
1000 | ]

Wash with arginine

Absoebance A280

1000+

Conductivity (ms/cm)
Absoebance A280
Conductivity (ms/cm)

A P B | L
50 100 150
Elution Volume (mL) Elution Volume (mL)

Fig. 14-2 MabSelect (2551 % 2 DR 2 5%k#H 7 1 b =)V % AV 2 mAb-C D
BXPERI¥AH PAC
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Load Was lution Load Was lution

— 50 50
3000+ 3000

Toyopearl AFG50 o Toyopearl AF650 _ho
Q £ o €
g 3 & >
: 2000~ Bo E : 2000 o E
g z e z
g E g E
] 20 5 3 0§
@ R ! CCE T ) 5 @ e e
£ 1000 < £ 1000 <
Q @]

410 Wash with arginine 10

U I T R T AU B T M et S B w1 B 0

50 100100 150 200
Elution Volume (mL) Elution Volume {mL)

Fig. 14-3 Toyopearl AF650 (23575 2 MOERZ¥EHE T ha vz AW
mAb-C D BFEHITEH PAC

Load Was lutign Toad agh lutign
1 0 T T T T 0
3000 mpetvrkad v A\ N 3000 W
. ( MabSelect SuRe } T 2 | MabSelect SuRe : o =
2 S 8 ': S
< 2000 £ < i ! 2
o ) B0 £ S 2000 ; B0 E
g z £ “«> z
3 2 2 b B
I | 20 8 2 bo S
T I i [ ke 2 3
< 1000~ S < 1007 ) <
L’-‘J o © Wash with arginine o ©
PR (R S ST ST S S S .L L J]J 1
50 100 150 100 200
Elution Volume (mL) Elution Volume (mL)

Fig. 14-4 MabSelect SuRe (2812 2 BORLR L% E T2 ba vz AW
mAb-C DERFEHITEH PAC
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2000

Absoebance A280

1000~

@

Conductivity (ms/cm)

M
50

M
100

Elution Volume (mL)

150

Absoebance A280

3000

2000

10004

Wash with arginine

Conductivity (ms/cm)

o

|
100
Elution Volume (mL)

200

Fig. 14-5 KanCapA (28175 2 MO RRLHEEFE T uba/L% A2 mAb-C DEFE

FIYAH PAC

Table 4 BRI O~ 57 4 —I2EAmAb-COE ) v —EBET )~v—INR

Monomer content' [%]

Monomer Yield” [%]

PAC rein . Protocol A ProtchI B | Protocol A Protchl B
Alkaline Non Arginine Non Arginine
resistance -arginine wash -arginine wash
wash wash
ProSep UltraPlus No 72 75 61 60
MabSelect No 79 87 61 57
MabSelect SuRe Yes 74 95 60 61
Toyoperal AF-650 Yes 75 95 57 56
KanCapA Yes 94 95 60 59

" Monomer content was calculated as the ratio of the recovered monomer to the total

mADb recovered (monomer +aggregates) by SEC.

? Monomer yield was calculated as the ratio of the recovered monomer to the amount of

mADb in the load sample.
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DADT A, Sig=2804 Ref=360,100 (E¥HPCHEM¥1¥DATA¥130702T¥/GGO0006.0)
mAU B
120
o Monomer
80 /
0
40
Aggregates
20
o
g
g
T T T T T
0 10 20 30 40 mi

Fig.15-1 v Fa/i A ZHW5EE D ProSep UltraPlus-PAC
43D SEC 7 < 7T A

BITAE

HH

DADT A, Sig=280.4 Ref=360,100 (E:¥HPCHEM¥¥DATA¥130702T¥1GG00003.D)

mAUT g

1204

Monomer

100

n /

w0l

ol

Aggregates
204
T T T T T
0 10 20 30 40 50 mi

Fig.15-2 781 b2V B Z W 2HE D ProSep UltraPlus-PAC (Z331) 5 ¥ HIE

45D SEC 7 a~ h 75 A
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DADI A, Sig=280,4 Ref=360,100 (E:¥HPCHEM¥1¥DATA¥130704T¥IGG00006.0)
mAU

142

200+

Monomer

1754

1254

100

Aggregates

40818

T T T T T
10 2 30 40 50

mi

Fig.16-1 72 | 2/V A ZH\\\ /2355 ? MabSelect SuRe-PAC (233 1) 5 TAH B4y
D SEC 7 u~< +7F A

DADT A, Sig=280.4 Ref=360,100 (E:¥HPCHEM¥1¥DATA¥130704T¥IGG00004.D)
mAU @
200
Monomer
150 /
100
Y Aggregates
;
N !
8 §
SR IS ———
T T T T T
10 2 30 40 50 mir

Fig.16-2 1 b 2V B #7234 ® MabSelect SuRe-PAC (23317 5 HIE4y
DSEC 7 u~ 77 A
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DAD1 A, Sig=2804 Ref=360,100 (E:¥HPCHEM¥T¥DATA¥130627T¥GGO0003.D)

Aggregates
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Fig.17-1 v a3y A ZHVW5HEE O KanCapA-PAC (21T 2 EHEI 5 D
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Fig.17-2 7 k2L B Z W24 ® KanCapA-PAC (281} 2 AHE % D

SEC 7 v~ /7 A
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Table 5 Native Protein AU H RIZBIT B T LX = DOFROREE

Monomer content’ [%)] Monomer Yield” [%)]
PAC resin 1.0M 1.5M 2.0M 1.0M 1.5M 2.0M
Arginine = Arginine = Arginine | Arginine @ Arginine Arginine
wash wash wash wash wash wash
ProSep UltraPlus 75 78 79 60 60 59
MabSelect 87 86 86 57 59 58

" Monomer content was calculated as the ratio of the recovered monomer to the total

mAb recovered (monomer +aggregates) by SEC.

? Monomer yield was calculated as the ratio of the recovered monomer to the amount of

mADb in the load sample.

wash without

load (flow-through fractions  \ash without

load ,. arginine . elution from KanCapA PAC) , .arginine , elution
— 1 T 1 T T —T1 150 . { = —
3F KanCapA Monomer
P A ] / MabSelect SuRe Content
I ‘ A =0.8% |
c T (A) 40 L HWMS
8 i B 1 =99.2%
N2 L1 1an 21 (B) Protein |
© 30 yield
2 57% |
Q ‘ > I
_§ [ B S o R ' T
5 1 L 4 ] 1H !
B Il — 10 -
<C L L L -
0 ] ] ) L ] 00 J ) M Ll S—— ]
0 20 40 60 80 100 0 50 100 150

Elution Volume [mL]

Elution Volume [mL]

Fig.18 MabSelect Sure (23317 % KanCapA Fi& ¥ E4 D BRERIVEH PAC
Protocol A was used for both experiments. The sample for MabSelect Sure PAC was
the pooled fraction from the start to the elution volume of 75 mL for KanCapA PAC

stepwise elution.
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Vah<elect Frosep UltraFlus
“uFe

Fig. 19 KanCapA, MabSelect SuRe, and ProSep UltraPlus % A\ 7z B¥ERUAH 7 v~
FTT T 4—DBEHT T 72 a D SDS PAGE (T X A EHT
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Lane 1: Culture supernatant, Lane 2: Flow-through, Lane 3: Eluate (without arginine
wash), Lane 4: Arginine wash peak, Lane 5: Eluate (with arginine wash), Lane 6:
Flow-through, Lane 7: Eluate (withrout arginine wash), Lane 8: Arginine wash peak,
Lane 9: Eluate (with arginine wash), Lane 10: Flow-through, Lane 11: Eluate (without
arginine wash), Lane 12: CIP peak (After elution, Non arginine wash), Lane 13:
Arginine wash peak, Lane 14: Eluate (with arginine wash). The sample was the clarified

cell culture supernatant of mAb-C.

2.5 /NE

aggregates 7% PAC |23\ VT, Protein A U %> FIZ L V< F5E L[21-24] . mAb
F/) v —RICBEHIND LN TRENTZTZD . PAC BIEIZXK - T
aggregates Z#[RETHZ LITRETH L EEZX LD,

ARV T, T E THE STV 5D aggregates & B7p 5 % A 7D PAC
IZHIWBRIME A2 7R T aggregates DI I Te, ABFSEERND, 20X A 7D
aggregates 7’ Fig.20 (C) (c)*FIZ ¥ A 7°2 @ aggregates & L Crx L7218 Y | Protein A
U RICHREE KD Fe SEIOBNN SRR L Z LR S LTz, 2 0 Fe SR,
SMAREEFIZE LN HEL WD T ABENRBEZLOND, H DV,
BT EREENREALTND ZENBEZLND T &M 5H[26]. PAC ~DEFIME
D, B RAHT ENRBI NI, THET, B L7 mAb OMEZ W L3 57
DIZ, O OPET v b 2/ VOBEEENTRE SN TWD[11,18-21], Ll
WH, TNHOH|E SN TVLHWEHET 1 2 iFFa L DA, PAC I2X-T
aggregates XFRET HZ RN LB LNDLHT2D, TNLHOPEE T 7 Faid
TEEMIR S XV BO I VT TR T A — A ASILTCN 5[4, 12], Teeter 512
KXo TREINDEY |, Fig20 FO5E < frREF I 4172 aggregates (B) (b)D 7=, 12
REYRE ) ~—DOEHZAREIZT D K 9O RIEH 7 0 b 2 VARG RS ATREME
DRI X F172[22],

BAR AR 2 77 V0 U it protein A U 4 RiX, Fab & OB FfEZE L H Z L
TIVETHAE S TE YV [15-17], KanCapA & Toypearl AF650 TIX C KA A D
BT 2B R IE7-01IZx LT, MabSelectSuRe (£, B KA A > OBIET M4
BRAbiTWD, b OHMKIX, Fab, &5 W IR HFEFED aggregates (Z%F
LT, fROBFIMMEEZRTHOLEEXLND, LLRNL, RIFFEIZENT,

PAC #HIKRIIZH1T 5 DBC OEIFFAE L EZN A O > 7c—F T, aggregates
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DIEHZEENL PAC HEM TRARDER L RoTo, TD LD B AEDOERIT
DBC ([ZE##R72BARN o FRIZ PAC Ik 5 B 7 2 FEH D aggregates
DOBFMEZ TRTHZ LT ARFEREZS A bND, WEY T RO Fab IZxT 5%
BAMENFR EENZ LIX LB TWD—F, AKIFFEIZE 5T, Fe DEED
BN, ZNL 2@ DEEA~OBERHS, LY T FEICERD Z LN
oSN, T, ZOREZFALT, EEEFZ2RET LI LICX
. Zho BB SERHY) (aggregates) ZZNRMICHRETE D Z ENTREN
7o

BIZ, B pH AR ERIIEERFERLEET L2 ERHR, #—F v b
L7275 mAb OFEUIRBEREANEH 7 0o~ N T 7 4 —O 7 m ha v ERET LT
OOFERRFEE L THWD Z ERHEKDL Z ERmhoTz,

WHIZBIT DS 9 —2OEERMEIIEL pH TH Y . & pH BMET X255
& (pH<3) | ER S/ mAb DB Z KT S HE LA REMENH Y . T ALK pH
WHIH ., &5 W IC aggregates VE LU D £ 5 2 HAVDH[27-29], 7 /v 71 Y i
PE protein A U 7 R 6 OFEH pH OfEIE, Fab fEIEIC %3 5 M0 AAEH & 50569
(259 728, Native Protein A UV T RIZH 350D L0 —RIZENEEZEZ BN
[30,31]. [EIXEH72 mAb DE~ORBRLEBIHES, —77. FINELE LS
D720 EV pH Z8&IRT 5 Z & 1X, mAb &/ ¥~ — & aggregates DILPEH & 72

mBEIETICERN D

AMFSEIL, aggregates ﬁ%%fﬁ 5 NI DBC & pHIZESL T, BAYE 95 mAb
&N RN ST 5 7= DI 72 PAC HIK &2 SRSk 2 AlREtE 2R L7,

BUE CIX IERTROHUASH FPUARD X 9 70 & % S E IR 72 N1 AR
AR INTETWND, 5O FIT AEERZL mAb & i L T aggregates
XV LT UVMEM D N B 5725, HANZEFED PAC HHIK T aggregates DR H
ZEENETHD -0 B pH @ﬁﬂ?ﬁﬁ%%ﬁ%%ﬁ@ L. aggregates 7 mAb &' —
7 DRI S5 PAC AR ER S NT25E . TOHMKEZZRIRL T, B
EHOTDITEE T v~ z}vi&{/ﬁﬁk'ﬁ"éiﬁ LI N5 D aggregates FREICHH
RHEENHLEBEZBND,
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mAb
aggregates
Type 1

aggregates
Type 2

Hybrid
mAb

" Truncated
mAb

aggregates
Type 1
(b)

Fig. 20 Protein A- mAb DFEEEFR

(A) native-Protein A has weak interaction with Fab region as well as strong binding
with Fc region. (a) Alkaline stable recombinant Protein A does not have weak
interaction with Fab. (B) (b) Type 1 aggregates are bound to Protein A more strongly
than mAb monomer does as they have more binding Fc sites. (C) Type 2 aggregates are
bound to native-protein A with Fab and Fc regions. (c) As Fc regions of Type 2
aggregates are buried or partially lost, the interaction with Protein A becomes weaker

than the interaction between mAb monomer and Protein A.
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FTIE X NIV BXYy TS Fry—ru~x b F57 4 —ICRBITARERDOTFH

3.1 i

—REIZ, F NI BEREOMOAEYEHFIL, W< DD ru~v N T T T 4
— e AT w7 [32,33] ICL o TR I, ¥¥x S Frx—Tu~v 77 4—¢&
FEEN B RAI OB TRITERINICEN Y VNV EE2WE LT, Bifishiz>
T arERMEIELZLEEBNETHIERFICEER v A THS
(Fig21), BHRMEIZINZ T, BT LA XAERET H1ODWEREIX, 7rt
ARBREEOBLENOIEFICEBE R T A—XTHDH, ThuL, FTEDEET otk
AT 7eW=®, TR ARFHOTDIIZIE., E, VT LNy FES, BE,
FAERIFBRED L 9 RT A —=H (2L » CTHEBE%T5 DBC & FHIT 5 Z Lk
D HNDH[34-38], LLAaRnn, uv REEOWHICE W TIEY o FLEN
RSN DZ &, BIRATZ Y a— W BIEFIZEA NeRDHI D, NT A—
XS H 2 LIFES TIEe< . DBC Tl 5 v 7Tl e HiEN L
ZELInb,

ARFFEClL, IEC KD A7 % o /7 E D DBC % R oAb S - A FLik
ETMZEDSNTHHT L, DBC IZRT 5 HIKOK £, i, ImED X 9 723
T A =B DOEEEFI,

B, BIRUHICBW T, 7B AR — L E TRAr— VORENRR S
TENRELS HDHT ENG, IBEOEEBIZ OV CHEMICTHRT,

—t, ———— et e t, —Ple—t, Ble—t, —>

Y Y \ \
N\ -
t1 t2 t3 t4 tr,
Sample loading |wash| Desorption |regeneration| reequilibriation
(Elution)
< total cycle time te=t+t+ty +t, +tg —

Fig.21 ¥ ¥ 7Fx¥—ru~ 777 1 —#HE
Productivity P is determined by P=Cy(t,/tc)(F/Vy) where Cy is the sample feed
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concentration, F'is the volumetric flow rate, and V; is the column bed volume[3]

32 fFva#ru< 757 4— (IEC)

[EC LIIDBEL LD LT 2MBEDOR OB E I/ v~ N7 77 ¢ —HIEORE
LCWBEREOHMOMEER. T72bbiEMMEIERZHA L CoBER
5, BN L R B ThDHHBAICIE, MESMEMRE THDZ b,
ZORERT X BERIEE EOWMENEREEZFIA L7 IEC 2179 Z &N TX 5,
LR EITRMNT B ERROER(E & BOBEROREFNN 0 Th 5 pH 2%
BE(p) LS, pl XLV E WV pH TIXEDEBER O pH & & HIZHEML, Wi
pl L V&V pH TIZEOERMAEMT 5, £OfER, pl L VKW pH TiXfGA
AU ZHRIZ, @V pH TIEEA A o RBIRICE S5 (Fig22), ¥ VN7 &
DA F U RBE~OREX, XA A TR A VHREIZL > THRELIE
b3 2%, ZoR_X0BEAFTURRBRE DT EEZ THD L, OEEMRICBT
HREIAF RENZ L XTEOWEIZEIVIZEAERL LRV, QFEEMICE
T HRIA A DIEEDA LV RHBARIZE D IAE N3 A 2 OEITHBIT 5,
EWVIRED G L IHERE KiZk(DTERIND,

K=Cs,/Cm = constant,” 1% (1)

CCTC NI A A RESL A VHRE), ZIXX R E1 T RRESRD L
RO R INLRA A0, b, 2T BEOERDERZERT 5,
SEARI KA T V58 T D ZRIEKGFT D2 L0 g0nd, X7 BT
B TEMETHY, ZOEIF2HERDLTEHEZ, LN T, I T
DEIZEY KPKRELS BT HEFHEEIND, TNHOERICHZ, A4
RHEDFFORRERED 72D pH 2B ELONEG TIER N E W7o #EIZ
L0, pHICXZ2AEEE LY H— & pH THIEBEIC X 2 A0S % W25 )71k
N—EBTH 5,
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on ontoe

allon exchanger

Fig22 A1 AR/ m~< 777 4 —DFRHE

3.3. MPEkE ik

3.3.1 #%t

YT S F— b (HGFE cald300, LfbFETE) LF 2 ECHERHLE
mAb-A ZEHEZ R E L CEMA Lz, EBRICHEM L= FEA] % Table 6 12
KT, BTAEZETH T IA Y —ICXD TV R BT LT,
TEEREE T, FRICHRE D72V R Y Wako DORIEFRR A V72,
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Table 6 AAFFCITHER L 7= FotEA

VA dc dp It
Resin ESTE
(cm) | (cm) | (um) (mL)

SP Sepharose Fast Flow

| 2.5 0.7 90 0.96 %L1
(SPFF)"
SP Sepharose XL
1 2.5 0.7 90 0.96 %L1
(SPXL) "
SP Sepharose High %2 L%
Performance 2.5 0.7 34 0.96 757 KR <—
(SPHP)V UHR
‘ %I
Fractogel SE Hicap . .
) 1.92 © 0.82 @ 40-90 1.01 757 "R < —
(FGSE)? S
U R
POROS HS20 %A1
N 5.0 0.46 20 0.83 .
(PHS20) B L
, S Ry=B: Ll
CIM SO3% 0.9 1.2 - 1.02
T/ VX

FAHf 1) Agarose, 2)Methacrylate, 3)Polystyrenedivinylbenzene
Z:HWTLES, de: T LE, dp KL t: BT LNy RARY 2— A4

332 Ju~ /574 —%E
sua~< 777 4 —3EBIXGE~NNVATT BHEbiRiEks n~ N7 7 40—
A7 I AKTA explorer 100 35 & U AKTA FPLC % AV 7=,

3.3.3 5

351 RAEREORM

25mM 7 = fEF B U U AEENR/20mM ¥k R Y T A (pH5.0) THICh
T LE VbR, XN EREE ZNE A BN 1~1.2 £705 X5 25mM
7 T N U U AERER20mM LT Y D A(pH 5.0) TR L 72K & oo
7 BIRR RN 1y e b k5. 8, 13, 18, 23, 28°CTENEIERLH

42



\ZH 7 AT L. B S X BIRE C ZE LGB Z 572, # 2
7 BB A280 B & 4y WO EARE Ck L CEH L 7=, BIRIA 7o il 4R 2 Fig.s
\ZRT,

DBC ZIRET H72I, OB E#RIT, BEVERREE v, £ 723G R Z/ug O
Bk e LTRIES N D, REEE ug LT ORTREND,

uo=Fv/Ac 2)

Fv AR E., Ac 13 T LEEHE (Ae=ndcid) %1,
DBC [ZLA TORKIC L » T, —RIZETZI N D [32-34],

DBC = C()VB/Vt (3)
Co ITu— ]“'H’ :/7011/@?)%E\ VB e C:CBJ:?SU— 65&5@%‘?%\ Vi $h 7 Ly N
R a—b&FRKy, XoXUEra~ 7T 7 4—TiE, Ce/Ci=0.1 (10%FfiE
KE) LROIFEELTCEESIND (Fig23), FREIC, #HAILESE (SBC)
TUTOXTEHEEIND,

SBC= CoVd/V, (4)

Z T, Vet Co/Ci=0.55-0.60 L R AREL L TERIND,
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< LES » <«— LUB —p
{a— equilibrium zone —pl-@—— mass transfer zone —p
C, o
N\,
C Bed profile :
stoichiometric front \ \
0 |
0 V4
column inlet column outlet
Co ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
CE e ]
Breakthrough curve 1
C 1
G| | |
0 v v v »
0 Ve Ve Ve volume

Fig23 7u< /574 —ICBIF2BES0 T 7 AR ER
LUB = length of unused bed, LES = length of equilibrium section

— B, BEVERRERE u O, & D\ Zu O TIZEV, DBC
A9 5[33-38]. 7B AREFHDZDIZIE. DBC 2 u & ZIZBE@#ESITH Z &
NARERR N DD Z ENMBETHY ., ZhETEONORBRILRRXDBERSN
T&72[37]s

LUF OEERTTHNT—E D37 — o OFffE #i#R 2 SELS 2 A FLAYEE O R Al ey
ERAR B E)NL D [33, 39],
d,*[D(ZIu)] ®)

I T, dpy IFTREROKRL A, DJTMALNIERERE TH 50 D ITIHFERAESRMET

THNVAISEEBRICEI VRO D Z ERHED, L LG, DySFIATE 7
WX, O FIERREL Dy ZRFUTH WD 2 &R D,
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dy’/[Du(Z/u)] (6)

Z DR TENIEAROA V7 FT ¢ v VEHOERICEE v=ud,/D,, (ZHELLL
T3,
rHETP (FEFREBEUMYE S)  (h=HETP/d,) v 7 1 v MNILHEFH R FEREIE
DT —HNRIA— /L THETHZ ENARETHY . BT LMEREFHMEICE AT
HDHTENMBILTUVA[40], HETP IZIRKUZ LD, B — 7 OREFREME & B —
7 DIERERZEHLHE SN D,

HETP = Z (o/tr)* (7)

WA AR IC 81T D DBC/SBC & d,/[Dn(ZI)] D7 0 v NiE. 51 T WMERE % FRAR§
DICEHRATHLLEEZ LN D,

3.4 FEREBE

3.4.1 BLREhR

2FED % /37 E D DBC LIRE DR A Fig24 (TR d, THREBY  IRED
ATV ZFLMEFER (SPFF, SPHP, SPXL, FGSE, & () PHS20) .o DBC (¥ E5H-
L7z, BRI, IEEREN KR E <, B FED/INX72 Lysozyme Tld, BEKFIED
B T2, DFEDOKE VD mAb-A DIREMKEEFEM I Lysozyme &V 3R Z &
Domolz, £lo. BLFEO/NI RO E . Lysozyme & mAb-A TIREKTF
WOENWNEL 72D Enn, RIFEN/INSNWT I L D IEREEBENE L 22 5
78 L HEEZ X%, PHS20 |X Perfusion chromatography & FE(XAL, Z LMD FTIE
FTd %73, Through pore & FEIN L2 BEILALHFT LI LICKY | IO E L
Tl L, MEEEEE LSO D FEEAITH D, PHS20 Tk, R
DhEZNWZ iz, BEILEZETDHII LKLY, IEROEEN DR ol
LEZLNE, ZNHOERIT. DBC DIREERGEWEN X 0B+, D
VNEHIERRLFROEIC LV ERIC/ D L EZ/RL TS, SBC (X, 777k
R ~—=0H ReFTHHKTHS SPXL & FGSE (28T IgG 2R\ TR
FEERIFHEIIERD b e o7z, ®iis/mvn~ 777 4— (CIMSO3E/ U A -
T 4 A7) 12X 5 DBC T, BEKRFMEILE) -7, CIM SO3 (I &@il% &
KeLio—E et chre /) VARB T LA THD, £/ VARD T 2T, RE
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BERETHZENHRRNWZ L, BMEREZESTHI LIZONTIE
ZILEFHEFNCL DL OO, FREHENIEFICE N 0D, TREFEMOEHE
DD EWIFIENRHY | £ D[ THIIRD POROS HS20 & FHLEIT 2 Kl 2 #7
o, ERORERIE, MALIERE T VICESW-HS L U CHEMT S 2 sk
Zax

(A) mAb-A (B) Lysozyme
15 . , 20 - I - T
- O SPFF 1
: SPHP ]
i SPXL |
10q- A FGSE ° o] ® ® ® ® ®
= | O PHs20 ° A
£ O amsos e A 1100~ i
(] i e ® 1Y (2] ® 7 9 o 6 8 8
£ 50— o [} (m] (m] (=
2 [ A A8 B & & o
0O 4
° 8 & 3 of
150 :O{ : | : 120 <>{<>:<>}<>:<>
=t |
€ R © © @ @ @
% [ ° 2 2 & i
£ 100- A ]
o I
a °© o g 8 8]0 °© © o o o]
- g 0O O 0O O-j a a a & ¢
50 ]
i ] o u] o u] u]
o | o L o | o L 0: L 0 1 O ! <> | <> L O
10 20 3( 10 20 30
Temperature {C) Temperature ['C]

Fig. 24 2RO Z I BIZRT HIRE & BHR e 0Bk

SPFF= SP Sepharose FF, SPHP= SP Sepharose HP, SPXL= SP Sepharose XL,
FGSE= Fractogel SE Hicap, PHS20=POROS HS20,

CIMSO3=CIM SO3 monolithic disk

3.4.2 DBC/SBC & EXRITTEEKDHHES

Fig.24 C/r L7257 — % #DBC/SBC & d,*/[Dun(Z/u)] DEMRIZESNT, B2 v b
L 7=, Fig.25(2DBC/SBC (# T Ly REME) & d2[Du(Ziu)] OBIEE T,
Fig 251279 Y . SPFF, SPHP, SPXL, K U'PHS20IZ-2VCiEDBC/SBCI, 77
T TV B E I D R ST ud,/ZD ol & K MBI S uTe, 3.2 TN &
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N, B/ VR~ NI T7 4 —DODBCIHIBEIKE Loz, £/
27~ b5 7 ¢4 —ODBCITAILAIEBERICE S < WEBEI N W=

TR EN N LN BN TV D, FGSEDT —H TR L T\ o727z
W, Fig25\Z5# Lo 7o, JREIFBA L TIER W, 777 MR U ~—8#iZ
BEOEWNCLY, BENSELTLRREENRS S, K7 o v ME, MILNILE
DBEARTFIED S I DOBERGEHELF L TH D E VI REICESLS DT
»H5, HIH. Stokes-Einsteinz\ (Dpu/T=constant) % Dy, DIRFEARTFHEIZMEH L7
HLOTH BH[41], wlTIEEOREME, TIFAEHEE %2759, DBC/SBC & dp*/[Ds (Z/u)]
OEEAZ WD Z & T, KVBELRMEEZE O, MILAIEERED IR E
S EICHB T 27OV A IEEFEBRICE VBEET D2 LA HES, SBCIZB LTI,
96N T 4 VH—T L — BRI AL Z—Ty MRy FIREERIZL Y

KV DIRNERBRETT — 4 2 /5 2 LK DH[42],

1 1 ! L 1 1
hqb LOAAA
4y
Qap A
%% A
0.8f T 7
T o =
=1 . —
0 06F  gnige-sPFF
m A hlgG-SPHP u
Soal ©HESHRG
m 04 B © gt- ® n
O o Lys-SPFF e
A Lys-SPHP °
0.2F O Lys-SPXL -
© Lys-PHS20
O M MEErE B | M MR B | M MEErE B
0.01 0.1 1 10

2
ud,?/ZD,, [-]
Fig.25 mAb-A, KT Lysozyme (2331} % DBC/SBC & ud,’/ZD,, D B%
The molecular diffusion coefficient Dy, was calculated by the equation proposed by

Young et al.[10].
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3.5 /MNE
- mAb-A @ IEC (28T 2 RAEREIT, IREERFEOROITIEA & 55 FEEAIH
HDHZENSoT, TG ORERITITEEEMERTIOBEEERGFEICL D B
DEEZBND,
DTEINNE L, IEBHREL D K X 7 Lysozyme TlE EDFEHIZBNTH, %
EREIIXT DIRERFEDNTT o7,
‘IEC (28T % % v 737 E D DBC/ISBC(H 7 LRI ENFAIREE v ki 712 d,.
BT LRy REE 2, RO FIEERRE D, % & TR TN T A —4 ud,/ZD,, \Z
L <HHBET 2 ER T,
- FFLANIE SR SR Ds & BEVBAREE o 2 F 3 10E, L 0 RS 7R S TRE
HoHH, FICLEMOFRER THNEL, AMEEP+SEHTHL EEZ DT,
AAFFERER LD | MEREITHANIEBERR I E S WEBRB OREN K&
wk%z%hto&%@i_%@%&ﬁﬁiké77&&~&LfiLﬁ\4
AU, WEBMENEZOND N, AR, EONHERNG, BESKE
ﬂ@%é\&/ﬂyg%%i@iw%777& ERDIEN o, ED
o777 82— LTpH LEZHLNDHD, S OICKEANIRT DX T ED
BRI~ DEBEEZFARLT-0OI2E. LD T 77 Z—IZOWNTHFEITN
SHEND D,
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4 ¥e¥E
ABFFE TIL, pH EARR AELES 1% & BePERIE HE 4 AV TLUPAC I281T 5 mAD
DE /) ~— L aggregates & BERIGY) & L A FE PAC AR DB OFE W Z G,
BRBVR T a v AR EIT O T ORE 21T o7, £7-. IECIZH1T %5 DBC D
TRINFREDRFT L, DRI ¥ T F ¥ — T 0 REE T 72O OBRFH&
AT,

2 FE TlE.mAb D PAC |Z351F 5 mAb & / ~— L aggregates DyBfE & x5 & L T,
T OWAEEBMRFFETB LT L 2AH RENTIEH S HDD, Fe OHEIEDE
NWR, FN D EBEUERER~OBERHEN, WEV T FEICRRD Z ENR
I L VAL NI o7, Fio, ZORMEZFIA LT, B4R EAE2RET
LZEICXY, s BRIHSRT Y (aggregates) ZZRAVIZRETE S Z
& KON pH ERRRI A RO H 3R & BRI L EBR 21TV, 77 v F 7+ — 4
{EIZEFI 72 PAC HEIROFTIRT H 2 LI2 X0 AR TURRERY ot X 255
THZEBARETHLZ EERLT,

3 ETILIEC (281 D DBC & FILER B OBMR A ~%5 Z L2 XLV . DBC
DT R AR R 2R AT, £ OFEFR, DBC/SBC (U7 L%hE) 1TiHE u,
BLTR dy. 717 Ly RES Zo ROV FAEBAREK Do 5 B L R T /3T A — X
udy’/ZDw \Z X BT 2 EN o T, TORERNS, ET L& A7z DBC O
FRINFIRE T d D ATREMED R S LTz,

AR TIX. PAC IZ X 20 BERETLTIE, IEC 12810 2 WEFFEIZ OV TRRET
BT, ZNENORFHC LV EONIBRIT. RN RTRER T T
N7+ —LOBEICEARFIELEZOND,
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