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(Antibody concentration monitoring by optical rotation

for monoclonal antibody manufacturing processes)
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HADOEE O AL, Milae AV TR EETIRBEIRLEELATIAE R
MpMNS - B CERERERRE LU TIREBTIRUTETERINTVS, X
I, BEIRIIMEZEMI T EROEEE TR EMI LN S ke
AETHEEEETE. BETRIIMEORE/EEL B 0/0 /571 —1
B VANVARECIRE, VAVAEBIRE, BfE/N\y 77 R ITRE, KEETRE
DI THERINTVS,

ZOELET IR ARIIBITEEENTA—ZDE=R) U TIE T O ADREEANTE
BIZEETHY, ATV, TYNIAV  AVITAY AV TA VN2 EFRIZEYDE
ZRAVYTRIRINT NS, A TTAET VNIV, EET O ANSER LAY VT
WERLETAITTEIFIETHY ., MR NEE T O ANSREBL TN B EE T
T34V GEBEUTCORHAETYRSAVERRN, AV SAVITEENIIY YTV T %
FWEE 7O ASEBR USSR TON T FE AU VIdEE O AFI25
Mo —E AR T EFETH S,

EROIIBHUEDEE 7O AIEWT, ERY THETARDEEILIFEIIEE
TINGRA—=RETBSTWS, FTUREE2T=4) V7§ 5/-ODEENLFEIL 280 nm
TOENRIRINE (A280 1) TH DM, —MEHALMIER 1om DIV EF WS E
ESTCILBIE TEXBHAEEIL 2 gL ATV KBEDHBEIZRSN TV S,

ITE TSR O AL AT E2EM ORI I VBB TRIIE T VKRR
L 10 gL BEALRL BETRECRISIIEREREOHABE2E-R) V7T 5154
MWHb, ZDD, BETO AHDOHEKEEZ A VIV TEZRI VT THILITE
G, — MR A280 HETIXA 751V COFERFIENREL RS, /-, A280 FEIZ
TSR E RIS DM LD T ERZITEL V- REAEHY, HIZIX, 58 LE
R OPURIERE L, 78 TMBHEDZ /N2 EX DNA 213 TR, EMRERINT S
BEHIR A RENEENTWS720, A280 IETIREREIE TR\,

DI LBR[eHIRT DIRERIEIEL LT, R4, [EHE 2 A ULTURE
EORERIZEB LTV, RIS EEENE 2 EB THLIIEEDH A
ZEEETHHETHY, TOREIEZEEMEDEITILAT L, IREEILTY I e



RO FEEYBREE2HAIETAEDIERAINTVEMN, AVNNIEEEBDE
YRR AVY REUTURERINTWVRW, ZZTRA ITE A DOFURY VT IVDEEH
EEEMLU, TOEBADIREMEIZ DO WTHRIEZ T2/,

BHIZIETIE, B LT LEEDAMEDT E RO E 2R, 38X DERMZ RL
Izs

F2ETI ZUNTEDEEIZ-RIIZERAINS FEIIDOWTEED, ZVNTE
EEOBENOSTREIE O ADBE TRV VT EEER L -,

FEIETIE. RAEDOTREERIEANDOEAMZ FHE L2, TOFER. LFRIZ 80 g/L
EVEVWHRIREE T, IRAERTUREEIIN U CRIFRERME 2R U, 72,
TRREZBEERFL 030 gL LEHIN, LHFEOEENEHAGEETHEILIRY
Niz, £z, FEI7OY P IEKEE RWZIRIIEINGER % 1TV, A280 EE EINEDHER
E1To7, TDFER, EINEROMEIZNTNE 100%I38<, MFICAKZILRBEWIROE
ReBorz, A280 IZLBIRERIEITITE Y RBRABNETH LN TR EIXERHE
MARETH BN, RAEENTHROBHEIBIIBVWTAONSEREY VTV E
EFEHETIFELLUTHEELEZ TV,

BEIZ, MRS TR OFKEE2E-R) V7 T5-OICEEEEA UL,
FEBNA T )T 72— YV 7 V%, HPLC ¥, FEEERE, L0 A280 i
THAW U, TORER, A280 IEIZ & HREIEDHERSIX HPLC THIE IN/ELV EIXD
MITEVIERE o720 TR E SRR DERL\ SR O EE R 1T
<\ HPLC THIE IN/-HTURREHRS & RIFICRE RN FO N,

FAB T, FRBEORNEILL B VI VEZR) VIOV TEIRGT 21T-
Jo BIBBOMIIEE 7O BT BRA VN IBREDE=_Z) VI TIX, YU TV %
HIZHLEACRIRL, A 771V TheEDRIE %2 1T>7z, — A, LB DR\ EAL
BAEIINUTIE, A VI NZE BV TV ERALDE=R) VT INEBEL 5,

AR TIRET, HIROIERES L2 70— ABEL, BETRIZBITS 1V
SAVEZRY VIOV TEIEIT o7, 5 g/L, 10 g/L, 15 g/L, 20 g/L IBEDHRY



TVEERE 7D — R WABERER L TREREERUKER. TELELTUREED

X RIFRERMENEEIN, ZOEXIIEIZONY FHEDKERLFRETH /=,
IOIL, —EDT I UKL ERBERS IR EERUEEET NV E A

WTT7O—YIV RO 2T/ kER ATy T INEDET VA EEIZERER Y R

ICRB U, X612, Y ETFVETEEAWT, N, AU A%, F8EEMD AN

ESIINTEYIal—rarzT0, ZOETFIVEEIEEDBARE T Iz

T570—RIVOEAE LA TEIDIIERTHEIL 2R L -,

BAIZ, BAEEEEZFERLAZ Yy vy 70 —BBIZL 52 N 7B OB
TEOERBRZTWV.IEAEEDA VI IR EIT o7, ZDFER. 12 g/L 25 69 g/ N
DEMEIB VT, fEAEHEBIITURRE L RIFIC—HU, BEFORE#B 2151
VORREIZ L) EGEINCE=Z) Y T A ETH DL &R Uz,
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Summary of the Doctoral Dissertation

The monoclonal antibody manufacturing process consists of a cell culture process in which
antibody is produced and a purification process in which the produced antibody is purified
from impurities to obtain high-quality pharmaceuticals. Furthermore, the cell culture process
includes multiple seed culture steps to increase the number of cells and a production culture
step to produce the antibody. The purification process includes cell removal/clarification,
multiple chromatography, virus inactivation, virus filtration, concentration/buffer exchange,
and filtration steps. Monitoring of various parameters during the processes is crucial for
stable manufacturing, and it is performed by off-line, at-line, on-line, and in-line methods.
Off-line and at-line are methods for carrying and analyzing samples taken from the
manufacturing process. When the analytical equipment is remote from the manufacturing
process, the method is called off-line, and it is called at-line when equipment is close to the
manufacturing process. On-line is a method that takes samples and implements analysis
automatically near the manufacturing process and in-line is a method that incorporates an

analytical sensor into the manufacturing process and implements analysis automatically.

In the antibody manufacturing process as described above, the concentration of the
antibody is a very important parameter. The standard method for monitoring antibody
concentration is ultraviolet absorption at 280 nm (A280 method), but a spectrophotometer
using a typical 1 cm path length cell can only measure low antibody concentration of up to
2 g/L. In recent years, antibody concentrations in the culture process have increased with
advances of cell culture processes and cell engineering technology, and the antibody
concentration of 10 g/L or higher needs to be monitored in the manufacturing process.
Therefore, it is not easy to monitor antibody concentration with in-line method during the
manufacturing process. In addition, the A280 method has the disadvantage of being
interfered by impurities that absorb ultraviolet rays. For example, the antibody concentration
in the culture fluid is affected not only by proteins and DNA derived from host cells but also

by medium components that absorb ultraviolet rays.



As a concentration measurement method that overcomes these disadvantages, we recently
focus on a method using optical rotation. Optical rotation is a phenomenon in which light
rotates in a specific direction when passing through optically active substances. Optical
rotation is utilized to measure the concentration of amino acids and sugars, but it is not a

standard method for protein concentration measurement.

In Chapter 1, the background, objectives and the structure of this paper are explained.

In Chapter 2, we summarized the methods commonly used for protein concentration
measurement and discussed the methods from the perspective of protein monitoring tool in

the antibody production process.

In Chapter 3, we evaluated the applicability of optical rotation method to antibody
concentration measurement. As a result, the optical rotation showed good linearity with
respect to antibody concentration up to a high antibody concentration of 80 g/L. In addition,
the lower limit of quantification was calculated to be 0.30 g/L, indicating that optical rotation
method is applicable to a wide range of antibody concentration measurement. We also
conducted addition/recovery test using various chromatography step samples and compared

the recovery rates between optical rotation and A280 methods.

As aresult, both recovery rates were close to 100% and there was no significant difference
between the two methods. While A280 method requires appropriate dilution, optical rotation
can measure the wide range concentration directly. Therefore, the optical rotation method
could be considered as a promising method for measuring highly concentrated samples in
the antibody purification process. Finally, optical rotation method was applied to the cell
culture process. Samples taken from the cell culture bioreactors were analyzed by HPLC,
optical rotation and A280 methods. The A280 trend was much higher than HPLC due to
impurities having ultraviolet absorbance, but the optical rotation shows similar trend with

antibody concentration measured by HPLC.



In Chapter 4, we modified the standard polarimeter cell into a flow cell and demonstrated
the in-line monitoring of antibody concentration using optical rotation. In this study, we first
confirmed response curves of the in-line flow cell experimentally by monitoring several
concentration samples (5, 10, 15, 20 g/L) and created a calibration curve. As a result, good
linearity was observed between the antibody concentration and the optical rotation, and the
slope was similar with the batch measurements conducted in Chapter 3. Then, we analyzed
the response curve by applying the in-line flow cell to a model in which a plug flow reactor
and a continuous stirred tank reactor were connected in series. As a result, the numerical

calculation result agreed well with the experimental result.

In addition, we verified the model applicability by using different inputs such as a linear
increase, a Gaussian distribution curve and an exponential curve. Furthermore, we conduct
a protein concentration experiment and tested in-line concentration monitoring with optical
rotation. In this study, the optical rotation trend monitored continuously by the established
flow cell matched well with the antibody concentration when concentrating the antibody
solution from 12 g/L. to 69 g/L. Finally, the results and discussions in this study are

summarized as a conclusion.
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TR, &2 1 7Y Y (immunoglobulin) £ & MEIENS  ERFFEICE 5354 8
VETHE. EREFRERMT, YETEe &R R RS ERmELZGAL
THREL, ERFRLUEEDTH S, TURERRIXTOISAEE L0, BECH
BraX DI FIFRARIIHUTHRAFTHEAINTHNS (1],

fADEE 7O AL, Mildz AW THiRz EETHREEIRLEE LR ER
Mo B -BHELUTERERERRL LU THRETIFEEIETERIN TS, X
HIZ, BEIRIIMEZEMI Y2 EHROEEE LRELMEEZEMIE RN oHiikE
EETOIEERETRE BEITRIIMEOREEEL B o0/uhro74—T1
B UANVARETRE, VANVAEBIE, BNy 77 —RB TR, RREETE
ELLDIRTHERINTWS, RRNZRELE T O A% X 1-1 ITRU . B, BT
FHAMEZ AT O - B ESAORRIZEY) BETERTOTUNEEIL 3-5 gL BHE
FNTER XN TEY, Fed-batch F5&IZ& Y 10 g/L [HEDEEMEZRINTVS [1],
BRI TRECIIFURIISIZERIN. 10 g/L 2#8%.50 gL UL EDEEIZELZLDH
%

1st Chromatography 2nd Chromatography
R~ —H
Production Cell Removal Virus
Seed Culture .
Culture Filtration Inactivation
EETE BEIE
Monitoring: #ifa %, MARE. pH. D0%r & Monitoring: fu &R E., . pH, ConductivityZr &
AERE : 1-10 g/L HARRE - 1-30 g/L
Al L C—
Filling +—— F o } L
? /‘ L1
Final Filtration L — T Ts Rer(f:/fg'azl) l
iltration .
Ultrafiltration/Difiltration 3" Chromatography
AT

Monitoring: i {ARE ., A#ti4. pH. Conductivity’s &
FARRE : 3 Chromatography~VRF 1-30 g/L. UFDF~Final Filtration =50 g/L
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BETRFIIBIIZERENIA—ZDE=RY) VI I3BIE T U ADZELAIEFEIZ
BECTHY ATIAV . TYRIAV, AVFAV AVTAV eV R FHEIZINE=X
DU TMWRINTNS [2-10]. A7 51TV b0, BhET U&z;«b\b%ﬁﬁlbt*f
VINERLEUANTEFIETHY ., SIESRNEE T O ANGERBL TS5
BATIAV EBELTWSIEEET YA VLR, A VS VITEEIZY VT T
ETWELE 7O ATEB U ABSR TOMET I FE, (VI 1V 38E T o A
A Y —EHARAARTTEFETH S, BETO L AEEOB AN OIL, BRI
HIEAERPEONDEAVTA UV TAVDFEIZEIZET=X) I E UL, 2T

ANIZDEEINSTFELNVE=ZZR) VT HIETH S,

e [ 19FEE vpmsryy
(]
To—
{254y o514y
C 49— IR — O
siriese () 0 TR
S 0 0 #7514
e

1-2 GMP 8L&E TRRIZB I3 =) VIV FiE

— R TAELE O ATE= XY VI XNBTEE R 1-1 ITRUKZ [4-10], 158
IRETI EEICAVMEOMIEE - £FR, BETRLUTHIETS pH-BHEEER
RE(DO) - BHE-RE., BERTIIEETOINRE - RERCRFVDIRE. B
EREMDE=RZVVITHETHS, HFE. pH-Do-T""“?ﬂF‘%&-?Ef*tﬁgwégtfm;«/\"
FGA—BPALUTLAELNE=RV /T INTEE, — B BEIETE. i1
% TR, FEEUZAWS N\ 77— pH X Conductivity, TIEEETIZE TN HUAE
BT DENE=R) VTRETH S, THPIIL, BRIEET 2R ML 7o

CEETLIAMY P EENTVS, HEEERSMD I, FEDRER
(Aggregate) > Wi iR (Fragment), BB ZEAZ R (Charge variant)’RE NG ENS, THEA
BEERMPN L, EEIZAW-MZEED R /N8 (Host cell protein, HCP)X°TF 7%
)RR (deoxyribonucleic acid, DNAYREWEEND, HEEFORHYEL LT, iz
I HCP 1349 100 mg-HCP/L £\ o= BAEMREINT WS [11], AERZOREE
TRETIE X 1-1 ITRUAZRTREZEL, Aggregate X° Fragment [IHURIZHT U TE %,
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HCP *° DNA (3 Z N4 ng/mg X pg/mg &\ o /24— X —TEEZ TV, ZTHSDFH
W)@t R NVETERBLU CEMERERZEZEL TS [12-14],

#1-1 BE-BEIRIIBIE=LZ)VJIHE
BERERTIRIIBISE=ZVVVEBA | BEIBIBTE=L2VJEHBH
TRRE., etk Mla4EFR, pH, | FiKREE . pH. Conductivity . A~ #{ ¥
DO, IRE . BIE . REFR -REWIE | (HCP, DNA, Charge variant, Aggregate,
E.EBE Fragment 72&)

BREIRCBEIBLAELTE=Z) VI INGBERINERDRENETON T
5, ERYITHEITKBEEDREIIHEEE L CHRERTRZERTHY, JEREICE
BRTORANTA—RLIZ>TOBIEDN TN,

EEITRETIE MEDEEIRZDELE TRICBWTENEFREANEEI LT
LR T OOICEETH L, TUERDREREIZIE, —MEINTHAAY 280nm D
AR (UV) XERINTSEEE2FBLE A280 ERFEHAINTWS, ULMLENS
A280 FEITITZT DREIREFHFE D HBRIVEREDOFEHFIZRSNTEY, UV RIXEZED
T D EEZT DLV IREAD DD, T THEBBRFOTUREEZRIE T S5/20
I ST EELE T 7 TEEU IO EAEM U, High Performance Liquid
Chromatography (HPLC)% FAWTHEIE 2 I N —#&kHIL > T\, HPLC DAT LI
I, PR ERBENIZIRE TS Protein A BT ADHOVSN, RO ELHERL DD,
FEAECEROFRREBEEIIL > TEYREDRENTELLSIIAMEEMHEILLT
W,

BEIETIE ELRIIBUTRDONR2BE T LIMA, TEZEYICE
BY5-DIlENAREDEIENEEL LS, FIZIX70 FIRICEVWTL, 7T h
Resin [ZERTSHUAEIL, TOTRINEONHYIRES R 2 TBITT 572057
THNIIHHL RS> TW5, SREHTRERFOTAEEDORIEIZIL, LD A280 E%
AW ZEN—RILL>T05, BREIEY Y 7IVOREE T, JIBED 7O hS
74 —TLFET Protein A TIEDPAVOND NS W=, FBERDLSZ UV RINEE
DAY DEEE 21T 521350, Uh U S i 18 FE i 5 A ELER R IR RE 1
RONDEWVIRREIFFES>THY BEIBY VTN EELETY 7 THRINUZBIZoHT
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~NERL . BRI ERRIZYOLER 2 VT A280 HIZLSIRERE
EITODN—RTH S,

LFEOBEY, BET O AIB TS REEDORIE IR, HETIRLEREIRELEIT,
HE SO ANSER UV IV EET) T NSO RITEANFELEO ST 475
AV DFETERBINDGDN—BILRINTHD, —F. ZOVKEE*BE T O
FIZAT =2 lARDA VIV DFETH TINUE, TRROEIREH DA
Dy MRERfF IS,
> FREV o EMEREE BT I LI O RO R EL
> BUTIVOERCHFRE B TSI XA EE RS
< AN AL L 5 8IE TR 5 EhELE

I, Process Analytical Technology (PAT)IZ LB 7 IV EA LE=RY VT DRFZE AV
INTVS, FUREEIZ DWW TIL, Raman 43 HiEPIE RS (NIR) 23RS E DIEAICK
D IBBTREPEETIRDEERE AV IAVTEZRI VT TEXLIENRINTY
B, UNUBRAS, ZNSDFIEIZZEET — X DR &\ - 7= R LR X0 5 i 31
FOBADNBBELRILTHB[15-19], £z, TV MR—=IVDIERNZ L HUE, UV TRIY
ITHBERIIKEHIT D, U0 > T EOABRERFERTIEARETITE AN
HREZEETE. UV BEIISUTEERE BERB TORELEENHRAINT
WB[20-21], ULBAULENS, ZOFEIZEWTE, Sl EOBANKETHY, B
BEDESH7% UV RN E & DM NEEND YV TIVORERIEITILEIRNE VDK
RPEINTWS,

ZITEHX L FRAEEF A UTURIBE ORIEIEICE B Uk, TEEEIXEA N
EMEME 2 BE T XRFEDAMICERRTSIRETHY, TNV DOENYE
DREIGUTEER S A ENHAIRNITIEINT 5720, IREDHEIEN R FIETH 5,
7z, R ERIE I TMEERIRICAW SN TS A280 TEL [FAIRE, JERIEIICIEE %
B CXAFNLFETHD[22-24], EETU L ADBANO AL, ZOREHEIL
T3 BRERE OHZIEEYBRERBIETL-ODIEAITVEN, ZVNIEE
EOEERRAVY REUTMERIN TR, ZZTHRL X, ZOfREEDRINT
. RIHABEDRIE~NDIERZERL. &BHAY VNI L TEDEA KR
T L. A280 B AR TERE DTUREE DRIENEH T RETH D L PHAEER
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FIZEEFNS YD EEZITIIKWI L2 RFE L,

EAF R R T - BT AR L LB IR AR X OB 2 R Y

BIETIE, P UTAMEDE R KT EMZBN, FXDEKERU X,

BAETI, —RIVREV N IEREDRIEIEIIODWTEDREeBEL, k7ot
ADREE=ZY VT DEADBRINSERE 2T/,

EIETI FEAEDHTRBERIEANDBERAMEZFHME L /2. ZOFER. 80 g/L L\ o7
BWHAREE COEREDOHERCEZRADEH 2TV, EAEIFLEHEDRE
#HFNEHATRETH D L &R Uz, £/, FE/0~ NIRRT % A\ 2000 E NG ER
ATV, FURDREREAN—RINAVOND A280 HBERIZEDREREE2, A280 1T
B BEEHEICILEN ZARPDBETH L0, [EEIFEENE N TR TH LN
5, RAEEDPTEDOBHETEIIBE VW TAGNSBEEY VY IVDBEIRICEERIL %
RUEEEZO6NS, X512, MEEE SO AR OREEET =X VI ATELE %58
FALAGER, MEEEROERL V> THYIOR E S Z1HIIKHPLC IZX2EE
e RIFICRITOBRNMEDL LN T,

BAZETI, FENER 2 70— ASBEL, BETREFICB I ELENIVIF1UE

ZAY U TIIDWTE = To72, BN, BELLZT7O0—R 2 AW RGE&DRE S

THIR R B 2 ERNICHERL, Y70 —bL a2 757 70— RISEE L E BT L

VIRIGERE —EILBITRETNAD TUID TRIT & 1T o7, MERIIEIEITTHER

Uy F BB L FRRDERTHY . ETET MIERERE RIFITRE U, KU,
FRANEBEZ EA LR Yy Yy 7O —ERIZ L 52 VNI BEDOEME TR DER

TV, 12 g/l DYRER % 69 g/l NEMEUZBORNEE AV I VEIE U, TD

TR, ELEDOHBIITREREL RIFIC—HL., BT OREH#E 2V IV DlEk

BT EGRINCE=RY VTR HETH D e FER I Nz,
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B2E. ZBUNIEEEHE

2-1. ¥

HARELE TRFIZBY 2@ A—ZDE=RY V7 I3ELE T O ADZE/L~IE
HICEETHY, ERMCTHLITREE ORIEITEEEE FTHBERAIRLZERTH
%, KBTI AVNIVEDEEII—RNFERAINS HEEELD, AN TEEED
BRNOHFEE O ADREE= AV VI EEERT S,

2-2. —fRBNIR BN IEDEEE

BN BEDEEFIEI BENLRS T AELIHMRER LS HEAREIIS NN
%, [REEMYL 3 HTiEZI4, Biuret method, Lowry method, Bradford method H328F 55
[26-29]. ZNHIE, AN TE LY Y REIDICE RIS = AW HEETH D, KL
ZORIGFEMEIIEY, bV TNV DR EE ZITIIKWE WS ENH B, Ml %,
BAF 2-2-1 35 2-2-3 12 FE & D7z, IR B2 3 H1i%IZId. Ultraviolet absorption method.,
Refractive Index method, Optical rotation method D32 515, TN SITHEZEHIEIEE
Tdh 5, Ultraviolet adsorption [FHURIEERIZEIZ A280 FHEE UL T—HAICHVSHTY
5 HETHY, Refractive Index method [FEEFHENRINT WS HFETH S, —F.
Optical rotation method I /NI EFEEDEER L HIETII R BEAEETURE
BEDE=RY Y TITERULBNIIERE SN TR, 55l % 2-2-4 105 2-2-6 IZE LD,

2-2-1. Biuret method

AUNTEY Cu(l) AR E T IVH)EZMETTRAT L, Cu(iDD Cu()IZETIN, &
BOENFREIIEATS, ZOHREEFAL, 540nm TORKEZRIESTHIL T
NIBREZTEETIAVYRTHS, —BAZEEDRIEL VI 1 -5 gL THS,
tEEDHT, ZOFEIMEEEDRHEIZITELTES T, W ODhDYENERIZH
B EZL5Z2BHSNTVS [28-29],
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2-2-2. Lowry method

Biuret DX &% Folin - Ciocalteau HAFEDKIGEMAEHELIL T, BEDOEN
HROBEWEAIZZLTS, ZOBHEZEF AL, 660 nm TOWRNEZHIETSHIELTH
INIBEEETHIAVYRTHE, —BHZEEDRIEL V1% 0.05-0.5 g/L THD,

2-2-3. Bradford method

M) T2 AR AR THEHI7— T — G-250 BREMESMET TRXUNIEIERIZE
MedL, 7= — G250 IFAVNTEIKEE L, YU TIVBRDENIEVEANGE
BIZEL TS, ZOBREEMAL, 595 nm CTORNERBETLIL TRV NIBRE
EEETIAVYRTHD, —BRIBZEEDHEIELVIIL 0.1 — 1.5 gL THY, v/
TwlA BfFo/BRDL D13 0.01 -0.025 g/L THSB [29-27, 29],

2-2-4. Ultraviolet absorption method

AUNIBIXAFETHFOYVBIUOMN I 77 VEBEEDOEEIZEY, 280nm D
UV HERINT S, ZDHEIMSEA TR TX 570, XV /NI EEE DHIE
ICROIAFERINTVS [25-27],

COFEDR R, EROEETIIEEHFENMIRNLTHY, TOFENNRE
BIEL>D130.02 -2 g/L THDB.HE, UV EEIISU TRV DNERE BEIRIZEL
THILTRIEEDHIE ZATREL THFEEFAFEINTSESY [20-21], TOHEIEL VL
0.15-240g/L THhH b, LML, ARHERFIZEIMEETRINT2MENEENTVRIHEE
I3, ERERBEZAIE TEI RO WS BENRIN TV S,

2-2-5. Refractive Index method

BITE R) 2EETEIIETHRTFMEDREZAETLHILIIFAETH S [31],
77U RI REERIZAVNVEREZEIE T 5D DRFLHETIIRIEES BN
D, BUNIBREEE=R) VT T EODEENRFETIIER, RI RE ST
HPLC DONFAMHEEL UTHERINTEY [32] 8%, 2-220 g/ DHEETEVNIE
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REZHEIETL2HD RI BEENFAFEINTWS [33], —FH. BBEROEEL -/
RO NDFEIIRATH S,

2-2-6. Optical rotation method

TN (OR)IIAA R FENE 2 BB T HLXTREDHAIZEERTIRETH
% [22-24, 34-35), FEXEILBEFNIILAD D #R(589.6nm & 589.0nm &IZHi<HEW
MR E R, DR RDFEN & F /R OBEERTF) & AW THE INEA, HFET)V
A—=IZENVANADFERTHOHEIEEAEETH S,

FEREIXRIE R RIZIGU TR U[34], FEE DB Wb, Al fib L Uha A s
TIXE VNI B DRERDENIDrude DEIERE XX KR ELHiES,

[o] = K/(22=1cP) (2-1)

IAFFEADEE R LIEN, AN BEREELBRDHIEHTH S,
JEAE ORI, IBE o, HIERIVHIRE [ L HIRAE o)l A5,

OR =[a]c! (2-2)

TR EDERHFIE UTIE, 73V BORBREDRFEEME FIIVME)DREH
ENDERPEToND [22-23], /=, BSRER LY 2 —>0y TR OREREAIE
IERAUEBIEREIN TS (23], 2OZEIE, MlEEERO LS L HE R ERB R
HOFTMRREZIEAEICLVE=A) VI TEL MR EZ RBL TV EEZ L2 5,

RUNIBIZETHHMREE L TICEE DS [35], ZVNTEEEBRLTNB TV VB
AOTIBIIHFIEETHEILITIVEREZEDILVHSNTEY, ZVNIE
DIFEHE DR T KX XIIERK T I BEOREEL S L OEHNC LR ET T DIEM,
DT OEMEEICEMRET D, ANTBEDOHIEEITF NI LD D 7% AW THEIE
T5L 0-70°THT NIERETH S, T 2-1 IZRRIVRZVINITEDEHE L RUZ,
TSI D EVIREDREEE S F2WVD, BIBHD IV AR F D IVEIRE DFRRER 5T K
SiaaOE R T FEEDEITTEREIIRRING, TP 2 X EE, pH &
B2 CHETZLEBMED D NETIVAVEDRNE ZATIIIENREN LTS, 28
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JENEMTHE—RITIIERENERT S,

F2-1 RUNIBEDORRALE

A4 VAR T alo
IV IMET IV I(BSA) pH5 -63
IIMIET VT I V(BSA) 7K —63
v NMIVE7 V7 XV (HSA) pH5 —-63
o-FERN) TV 0.IMNaCl pH3 —66
FENITV =TV pH7.7 —-87.4
TTVI)—=lr pH6.3 —48.6
Avayyv 7K -38
(274 N7As )Y pH5.5 -28.3
D F—2I 2MNaCl —47.1
BIET7NTIV 7K -31.4
r)TFv pH7.2 —40
TV - —69
y-7a7Y - —44~-55

BUNIEDEEFRL U TOIRIEDH RIS, ERDIEHEDELEFALT
ZoNTEDENE(BEEA) 2B ¢ SMERENL ., 2, SREDEIEHZA
H=oTRN,

2-3. HPLC i%

HPLC(high performance liquid chromatography)id, EE D FEE UTLLFIHIN
TWaE, BHEA 2B RICEETHFIELLTEMATES, —iRHIIZIE HPLC 7
FLTHBEI BRSOV — 7 EELIEA I BHRSDORE (E8) L DR E
MEERLTE X, B —HEENSEEZRD S,

BRIR D 2 DEECE R MDREP, BEFORNVPOLELL S, /., D EERRHIE,

AT LEFBEFEOZFRIZEVIRED, T LDHILOHERLEETH S,

AMETHEZL LTV ASHAIZOWTIE, FiIRISEWEZNENE2E TS
Protein A ZEEA LU~ HPLC 75 A% FAWT, YV VG- - A -BEE2EHKL.
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280nm {23175 UV MIBBDOBEHE— 2V EE CIRERE T5HEMEEEZL L TER
INTWB(H 2-1), ZOFETIFEERFOMDE S DR EE 21T I THREE %
ETHILNTEDED, MERDEE TORIED~OEAEXPEROFFIEEIZL
TEYREETAISAVEIEEToTCOEDN— RN 5T S, KFIEII MY
DHE=HBRTEXE—F. IHOHEICREAEET S, /2. hT7LEBEDHNELS
728, Standard ¥ > TN E AWV TCEEMEDHEREZITOLEND S,

pH
Product
Impurities
/ N »time
Sample . [CIP(clean-re-equili-
loading washielution in-place) [priation
10~30 minutes ———

2-1 HPLC #&{E (Protein A 7T /571 —)

2-4. /NFE

B2 BETR —RIREVRIEDEBFEL DR EEL Dk, TORERER 2-
2 \IRY BV NTEDEEHIEL, RENL O FiEL IHREN RO HEAKREL
ThND,

Biuret method, Lowry method, Bradford method (IR BHIZRS T HIETHY, Z2 /N7
BLUHAVNEDOZRIEAWEBETH D, NSO FIEDRIEL Ik, TikR
BTOEATEZLY VT FARIEIIT LTRSS, DRV RWNEFEICRON T WS, Eix,
BRI FELUTR KIGASEWGEEIZIZ 70— Iz avy i (FIA) %
FRALTAVIA VLD E=A) VI EERFETHIEETRELRDDY [27]. BRHERS
FIEIIAT I 785,

— 7. Ultraviolet absorption method, Refractive Index method, Optical rotation method

ILIER B AETHY, EE T ARICa e —2 AR iz L

18



D AVIAVTDEZRY U ZIIERTE S FEL LS, FIREETO L ADREE=4
DU T AN—RHNZFNSNTWB DI Ultraviolet adsorption metho (A280 £)TH B M
UV BNz E DM DO EZZIT D REANDHY . Refractive index method DFFAH LT
FITHFEINTOWBRILTH S, — 7. Optical rotation method IZ W T, 7 I/ BHE
DREAEIEAINTEY, BAER LBV 27— 0y ThOERERIEITERL
FHIHMEINT VS, ZUNTEERMMELEFRFOILIIONTVEM, TDEMZF]
RAUTEUNIEDE MY (FBIEEL) 2B 5 EREN L GIREDORIEFILR
L60, TEREIZIY BREDOTURBEMNAIE TINIZE, 1V I1 NLEHT7RE
EE=&) IV =V e UTHIRFINS, £/, BSRERLY 2 -0y TR OFEE

FEHIENIEA TI TR0 6, MIlEEROD LS SR E AR b OHRE
BERAEIIIVE=LV VI TEEARMEERELTWSEEZ 6N,

* 2-2 AN EREDRIE R

Method T Off-lilt]e or in- Concentration Comments
ne range

Biuret Invasive Off-line 1-5 mg® Rapid chemical reaction
Lowry Invasive Off-line 0.05-0.5 mg? Slow chemical reaction
Bradford Invasive Off-line 0.1-1.5 mg® Rapid chemical reaction
Ultraviolet absorption at | non- Off-line 0.02-2 g/L Interferences by UV
280 nm invasive in-line? 0.15-240 g/L® absorbing substances
Refractive index non- Off-line & Substances having

non- LML e 2-200 g/L oes
(RI) invasive in-line refractive index
Optical rotation non- Off-line U Substances having optical

: : S nknown 5
(OR) invasive in-line rotation

@ Tn-line monitoring is possible by using a flow-cell.

® The values may change when a micro-plate format is used.

9 Higher concentrations can be measured by using a special device allowing a very short optical path

length.

9 Higher concentrations can be measured by using a special RI device.
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FIE. JRtEr BWTNRERE

3-1. S

MABET O RAILE I HARBEDOHEAN—BREICAVSNTWS FEIX
Ultraviolet absorption method Td»d A280 {ETdhrS M, 1= HIE &AL, SRR
IRDHBTHMPOFEIZLVEE LEOTAREREZ ERAETIRVTAYYH
BHo, TDRDH, PIEIZBRUTTEYZIEESHEANTIRT2LENHY, BERF D
PURKBE 2 BIE 3 5I21d Protein A BT L%z HPLC &AW TERERHOIEY)

DHELERIDENHDDN—RIITH D,

JERSIERA 72 22 E 3= DS B, Optical Rotation Method § 2B IEEEIZ L 212
ETEILT IO DAZEEMERELAE THADIHERAINOSM, ZUN

JEEEBOBEZAVY REVTUIMERINT R, ULNULERRS, ZVNIEDE
M (BEZE) 2B A ENIFEAINTEY) BESRBRELY 27—y 7D
BREAEANIERATEI TSI S, MBEEEO L S LHERERBERF OH
REEZELEICLVE=R) VI TELHEEMEREBL TS, RETIL, ZOLE
ZXOREBRAIE ARz REERIENER LABRERE TS,

3-2. EB&

280nm D UV IRNDBEIE I IMR NS EEREERTEL D2 M HEET UV-1800 & AW T
fFol=, IR IZIEINER 1om DEELGE LIV EHOTWS, FIiREEANDBREA
12137 2 BBECF D SR E I NS ETUADIRSNARE % AV [26],

TESE DEIEIZIXH AR RS DIESE P-2200 & FAV V2, ZOEE DRI
ISEEE 6 /8, DFREE 0.0001°, F14FIv 7L Y 0.001°~190°, FEEL0.002°(~1°),
+0.2%(1°~), ¥R U EERM)£0.002°TH 5, BIEAVIITER lcm, X 10cm
DIEES TG ANV ERNTWS, 7V TIIBEEEFNID LT VT ERIE 589nm THd.
BIEDIRENL 22°C. 7o 2I13MKe L, BIEFREROMEIX 5 WEEEZHAVTONS, B
ERMERFHC IS ZBEY VIO E R 5 BIEIE Uz, £/2, EERFAERETIHE
XTIV 73 TIVORIE R 10 E{T>72, TOMY Y TN DT, fEEDHEIE
XZhZhlEE Uk,
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HPLC #I%EI% Applied Biosystems #D POROS A20 prepacked protein A column (2.1
mm id x 30 mm length) % AR AIRICK D ERE L,

AEDBETTHW-HiAIL CHO MifEIZ L 5 Fed-batch BB CHEERITRHE LY
TNTH5B ROV T 7T AL 1gGl THY, 5 FEITH 150,000 Da, FEL pl &
8 THb, L bMiF7IV7 I (Human serum albumin, HSA) U VIMETIVT IV
(Bovine serum albumin (BSA)l Sigma-Aldrich WSEAULIEHE R TH S,

3-3. BRRUEER
3-3-1. FENEL A280 DM EREE
— RIS SEERE lom DIE¥EGTEYILV & AW RESHCHIED A280 ZHIEL

FREREX 3-1 ITRT, FUREEIZN TS A280 DEIHMEREE DR SNAZHE TOHA
W THBIEND NS,

UV at 280 nm, A280 [AU]

| | | | |
003 20 40 60 80 100

Concentreation, G [g/L]
3-1 PURIEE L A280 DA%
FUREREDT 0.22~64.86 ¢ / L OFIFEITHEME % JIE U ERE X 3-2 127 T, Y

BEHEICBWTERGEGREIRINEZENS NS, X 3-1 TrRUE A280 HEEH
BRUT, [EREREVTAEE X TRV 2R L,
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Optical Rotation, OR [deg]

0. l | | l | | |
00 100 200 300 400 500 600 700

Concentration, G [g/L]

3-2 FURRE LI E DBR

A, MRS T O AL MK T2 O I L > TEBE TRICBI 2 hAEE
1210 gL BEAETY, BEITETIRISIIBGEELIN TS, —fEI4 A280 T
IEE TRFDTURRE & A 751 TRV IO SHIE THIREDN DY, 10512 T
BRI EFTIRVEVNDREDNRH L IEDHERIN, ZHUIT U THEREILAR
BFPICEEBEEOY Y INVEEBRIENMT A METERDA VI /TR TIZAT -
BRLBF®HEEEZOND,

3-3-2. JURTETRDIESEERIE

TURIRE D 0.22~64.86 g / L DEFE THeLE 2 HIE L BRDOBIE(E, F15, BER
#(SD), ZEIRE(CV) & & 3-1LIcF LD,

MHERF (LOD)IX, 75270 SD [= 3SD /(FREFMFDEX) ICE DX 0.09¢/L, B2
PR5E(LOQ)IF 0.30 g / L(= 10/3xLOD) L BH T X% [35], HHERHEIRE DRIEETH
BETHDIEIRINA,

& 3-1 R ERAWAREAEIZS D S UWATHRE

mAb concentration Cp [g/L]
0 0.22 1.69 17.12 64.86
Minimum -0.0009 0.0093 0.070 0.969 3.565
OR Maximum 0.00450 0.0180 0.074 0.982 3.585
[deg] Average 0.00094 0.0129 0.072 0.975 3.575
SD 0.00166 0.0033 0.001 0.005 0.008
(6)% 176.5 25.6 2.1 0.526 0.226
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R2 FEREMREL. BRI A A FIv 2L VI BRI VIES DEAE (GOF) D#ETE R
BT RC-DIZE>TEHEINALERERE FHER OB DOENEEIZE D]
MAPE (FEH5#xt N —2 V MNEZ) WNELI TH DL ERIN TS [37], YFZtER%E
FWT LOQ ML ED#EIFHIZIH1T S MAPE % 5HE L7 #E R, 2.8%&%5:’::’52’#:0 Zhdh,
RHEIZLDEEAIEIL, ZZTHMUZ 64.86 g/l FTOEHBEICEVWTEWVEGMES
IRUIZZEDHEND SNz,

o/ N -V,
]\MPE _ ] 00 A) Z y],exp yhl”’“i
1 yx,exp

N T =38 Yiex RERBIEIRE. yiprea ERIAE RN O RO FHEIRE

(3-1)

B 3-3 1%, 2 DDELBHURMAL)DIEHELFTIR L mAbl DEEIHHFEEZRL T
%.,3 D0 mAb DAR—FEIFFEBIU/EZRUAZ(0.05593+2%) . 7T DVREWE,
mAbEE DN BB FIFBEREIZB T2 EENRERTHEAREMENH D, -,
80g/L DEILRHBEITLDE TRIVBERITER TX /2, 80g/L THEMIEIXENT
BY, ISRLMFEIIEYD, SVEREDORERAICIER TILREEMENEEN TS,

50 —mAb1l
) y=0.0556x- 0.0241

[eTe]
L 40 AMmAb2
o - y=0.0571x+0.0233
o R=0.9976
& 3.0
k) = e MAb3
8 y=0.055Lx- 0.007
5 20 R=0.9998
S
= 1.0
o
o)
0 | | | |
40.0 60.0 80.0 100.0
Concentration, G [g/L]

3-3 BWHOHURIIN T S HURIRE L IELE DR GR
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3-3-3. BREX VN IBIEDFEEHIE

TRHEMEMN R NI EORFEICL>TEDEIICHEERIIENEFAE L2, [ELE
DEVEMERTE2OIZ, EMLET7 VT IVRIVET VT IV REDNDNDR
YNIBDRERFE 0.02~2.0 g/L OEFETHEIE ULBEREE 3-4 ITRT . ThZTho
SBUNTETHENERY) ., WTNERAELREDORIREERMNBRE Iz, i,
Whole HifRE Fe SEIHD72\ Fragment HUR((Fab),) DiEHERIEFERE K 3-5 1ITRT,
TEHEDFIIZ L NEHURD Fo SHIROFEENEAEICH E R 52 DAREEIZH D05,
Whole TR FIBRIZ Fragment FUKTE FRROEBEMRMENE SN, EXITEEZEIT LD
Feo TURDIENEMEIINEHDOHELVE . FURI VN IVEDHEIZL D ENRIVE
ERs

0.16
y=0.0749x+0.0006,,%
— 014 R=0998 -
o0 A |
< 0.12
; y=00647x+00006 .-~ -~ //l:[
o 0.10 R=0.9999 \,(: ’/,/ ///
% L ,6:,/;,.—";/;9.0959%2)(40.0012
5 006 Pl -
= 004 e * HGA (hummen serumalburminy
L "E}::/ B BSA (bovine sarumalburmin)
OQ- 0.02 ﬂ;:(/ ‘ O m&b3‘ l l
00 05 10 15 20 25
Concentration, G [g/L]
3-4 FURETIVT IV OFESEE
05
¥ 0a- .
D y=0.0535x+0.0048 ..
= | R=0.99%9
e A
© 03F ’
5 =0.0509x-0.0003
= i =0.9965
46 02_ ot
2 = :;:i"'
301k A ¢ Full body antibody (mAb4)
a .:"'".::. A anti
i Fragent antibody
O'Q | | | | |
0 20 40 6.0 80 100
Concentration, G [g/L]

3-5 Whole Hi/&& Fragment HTRDfESEE HLER
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3-3-4. 70~ FNLIEBE IR Z AW 20 E X EER

RIZ, BANEIGABR 2 T o7 R e R T . B 1-1 IIRUAZLDIT, HifgEE LiEh o
RERERT I BE 3 2DIUTNTST4— ATy T NBRETH 5, INIIEEER
&, Ih67u v 57— TR TRONBEREFEAUTER L, Y7V A I
BADX Y T FY¥—2r0v N 5T74—DBEEE. TNV B L CldEhTh 2 FHHE 3
ZHOR)V Y7 0O N5 T4 —DIERIRTH 5.

INEGRERIZ & 70 NEHBEANANA YV TNV e RmINT 5 TER UL, s
& MUY TIVDIBE Cs-HEHE ORs LERINEE Vs DFEL LT, R 3-212
SYUEEL-,

M= CsXVs or Ms= ORsXVs (3-2)

EYE M TN DERE C)-FENE OR, LININEDIRE V, DIEN S, TINRTDIE
FE Co FEHLE ORy EENINBIDIE= V, DIEEZFNTNFIKZETEHE L,

Mr=CiXV;—=CoXVy or Mr=OR;XV;— ORXTV, (3-3)

RRIZ, BIER R I, INIIE M, Z[EINE M TEIHZZETREL TS,

R = My/MzX100 (3-4)

FRAEE A280 ZFIWTHBRUAREREETNTNE 3-2 KR 3-3 ITRT. FIERODE
O TNE 100%ITEL, FHFICKIZGEWVILR, Z2 T, e EIXEREIE A AT 4E
THY, A280 IZL BREHEIITEY LARPBETHEILITFERTILENH S,
FEE TIEAIRY 5 2L, FURRE & ZREMIZHIEATRETH S L ARI N, B

EN DB RS EEAEEDTAROBETRRIIBWTAOhSEREY VTV & Bk
HETHAELLTEELE RSN,
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+ 3-2 A280 IZX BIEE ® B\ =i NE UG R

Concentration, Cy [g/L.] | Spiked Concentration, C; [g/L.] | Recovery, R [%]
Sample A 7.76 12.73 102.1
Sample B 7.19 12.27 101.1
Sample C 5.95 11.06 102.2

3-3 fEYLE & AW ATINEINGER

Optical Rotation, ORy
[-]

Spiked Optical Rotation, OR;
[-]

Recovery, R [%]

Sample A 0.422 0.718 98.7
Sample B 0.387 0.686 98.7
Sample C 0.313 0.616 99.0

3-3-5. IEERIEEHIEANDEH

EREATIVITEEERZ TV, BETIEPOTREEZRAEETE=R Y
JULKEREHRE TS, 22Tl CHO Mgz AV 2BEOTAEIBEL, BEHIC
NAFV)T I RZ—=SERE U= Y TV % HPLC, FEE. LU A280 THHF LA,

ZFNTNOMRREK 3-6 BLOX 3-7 ITRT, X BITRIBE R AITR - /- HEHE
fmax CIEFRAL UZ-FEfE Y BITURIRE DR AKME Cpmox CEERLLREEZRL TS,
ZZ T, tmax = 10-14 days, Cpmax=5-10 g/L TH 3, [X 3-6 ITTRTEDIT, A280 DHEFSIZ,
HPLC THIRIN/AMELVBIEDNIE R L o7, THUTEERTIC UV RiZE
EDBEBRONEEINT VLD THoEEZONS, —F. EHEDHBILX 3-6
BLUK 3-7 IZRTEDIZ HPLC L KL —E T DR Th o7z, TR AT %
EORHEN DL FURDHER e E=ZY VT TELEZ TS,
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210 S e
& A A A A
~
S 0.8

:
5 06— ¢ Q 6
£

8 04 8 A Absorbance & 280 N1
So2F  |gHAC
§ O Optical Rotation
20 ' ' '
£ 04 0.6 0.8 10
S Normlized call auturetime, /¢,

3-6 HERLEFOTURREERHIUE X)

210 oA
2 & HPLC o

O 08 |, Ontical Rotation N

S

5 06| £

E’ 04 |- A

[

S

g o2 A

2

£ 0 o1 K | | |
5 02 02 06 08 10

Normelized call aulture time, §¢, .

3-7 BERTREFOTUREEESTURY)

TERERIE MR BEROEADHELZITIIKL BEHOHKRE & RIFICK
B MRNBZONTZ, SRITEFEH ORI N R LT MELETH DA, 4
FEAEILLLEBBEET=ZY VT2 R BEUEBLER DNy FH K (BED—&
M) IR WS ZEMTEBEEZONDS, Y BRUBLIE 21T 556, BEFIIHUERD
AT MY B RIROHERBIT2 D DN IND, LA ST, O DS
MORENELLLUTE, BVRUVBEDHF TIEAE 2R TE=XY T THIL
TN\ FRITERDMERMPEU G EIITOEFE R TOMREEIFINS,
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HWENATERERODEREENAIRIFEBZ2ED, [RKHFERINT VS [38-43],
PURBEOEI /U N ST —ICART A REBEREDHEIIITREE 2 HIE TS

DEMNH BN, FIEDEY A280 TIRERREZEETE Y, HPLC BIRIEZATI1V
'G?Eﬂia“éuézzb%t)H%F‘aﬁ%gbﬂ\é@bi‘—ﬁ%’m%é — A, FUREEDEBL /0
XN T4 — ATy T RNERERMEEE O AIE R U CERLE T 556, M
fatt® EEOTUREE RV T NVEALATE=RI VI UTC BIZOR N ST4—ATY
TADEREZRETILENHS, K 3-8 X, BI/O N IT74—IZEREINTY
BEGETMEEEY AT LD 70—y — e RUTWS, ZOVAT AT, EREE
EEMY IR IIINE SN, EEIICE U N ST —ABRINTW S, FE]
IAINTTTA— AT LNETTITRE M- I3TUREE Cr LARRE 7 DTEET
RKINMe=CrVr), BT B 1-13RE 0r 2 HOTR 35 IZXVEHINS,

tr = V¥/Qr = (Mp/Cp)/ OF (3-5)

OR  How
rg_‘ Q detector meter
A A s

alture | filter G!l (;St;:f lummn 1 [Golunm 2
eI ProtelnAYcaaLre v
== chromatography colunms

X 3-8 BEE-HB1 /U MNEREEY ATFLADT7TO—Y—]
AMEIZE), B IIEEFOTEKEE2 RFICRETE, JIRRELIEEEN

IRV FETH D A VT VEZRV VI NCHTRRRTHDIIE DR Y
Nz LREDISEREE Y AT LA BET IR ARLTERLRDIENHFIND,
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3-4. /NFE

EIBETIH EROTURY VTV e B, TeXEDHURIEEREIE ~0#E M % 57
UZz. TOFER. 80 g/L L\ o EOWHUREE E TOEMENMR-NEZENHERTE,
FREBEDRIEN—RINFIAINS A280 FBLHNTEEBEDY Y IIVERERTS
ZERKPIBTEBILARINT, 2, EERFL 030 gL LEHIN, [EHEIIA
gEDOREEERHFENEH TR TH o7,

TEHEETURBEEDAIEL UTIREES 5720, EMEPREETEFRDI/ORT
R W= E NG ER & SEME L 72, ZDFER, R2 fARMREUZINZ T MAPE 1245
BEETE SO EMREDTEZ X N, BIIEIGEABRDFERIE A280 HELRIFETIXIE 100%
DIERE/FBIENTE,

BB AREE T O AT OTRBEE =4V VA ENRE LB L, TOREER.
A280 FEIZL BAERIZ—RINTAVSNS HPLC IZXBBEHBIIH L TIEEMNIE W
B2 RUM, JRAEIZL5HRIE HPLC ICLPEEEXRIFICRIRT I N TE /-,
TEAEIX A280 FEL N THEBEBRDE RO E L L, BELROMEHIRTIA
BEET=RV VI NBHTEIAREMEERTILNTEL,
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FA4E BEHREZ2AVEAVIAVEZR) VT FEDORF

4-1. ¥EE

HETEPIIBIIZRENIA—ZDE_R) 7 IFEE O 2D ZE/ANIEE
IZEETHY, AT, TYRSGA U A VI AVTA VeV R FRIZIVES
RV TR INT NS, TDOFRT, 1 VI74 FEE IO ARz — & A
RAARTEFETHY, BE O AEHOBE AN OIE, HIRHTHIEERNE SN,
ZOBEINSIFELNEZR) VI FETH 5,

BIETTo-MEEE TR ACB I HRMMBEEDE=R) TR 7V e
BRENOERIMUTA TS0V ThRRAEDRE 217572, MlgEE LRI T 0 AR/ »
RLBEHEBDHLIVIBIZHLEATHREZT 204751 VAR TEFMATETH -

o —H . R DR OB BRI UTX, 1V A VEIRIZE DY T IV EA LDE
1% Monitoring WEEL 125,

L2 DFETIH. FEREEBEAO7O0—wIVT 1 DUHTHERINTE ST, HPLC
DheAEREFAICRFTINT VS, —F, BLETEADER T 58 IMAEREN
KRELRY), EHEENKRILBE D, ZORA4TD70—R)VZERE TRORLE
EZRV U INEEFERTHIILIIH U, ZITARETIE BRGSO
BRINT WS P-2200 fEEBETDIEE I 2 ERETHLE 70— AWE L, ML
w=fTo7=,

4-2. EER

280nm D UV IRIXDEE IR N1t BEEWERTEL DS HEET UV-1800 Z W
7= JIRE v IZIZ KR 1em DIZ¥EG T IV E AW/, TTREEADBEIZIT Y
FEECT D SRTE XN B TURDIBERE % A =,

B DRIEITITH RO HEAKEDLENET P-2200 & Az, FE2EL R — DK
BEFALTEY, ZOMAERKIX, BREEE 6/, 9FREE 0.0001°, X1 FIvIL oY
0.001°~=£90°, FEE0.002°(~1°), £0.2%(1°~), R UKEE (B M)£0.002°TH 5,

30



HIEAYVZIZER lem, X 10cm DFEEEH S 222 BANTWS, TV T I3fEEES-
VILZ VT BRI 589nm THD, BIEDEEIL 22C. 7o 7idMiKke U,

AMFETHWSE 70—V &K 4-1 IZRT, EEEDER lom, &Y 10cm DIEHESS
AEIVDAOLHON, FE sSmmXAE 9mm OYVVIAVFa—T 2 8EHETHILTHE

ﬁ‘zbf:o
Inlet Outlet
lecm  OR Cell

4——10cm —»

4-1 70—V OBIIEX]

Tangential flow filtration (TFF) unit % f\ /= UF JEMEEERIE, Merck ELDFAE IV
O—AfE(H XTI EHS P3C030C00)%FWTERUZ, BODFEHEY X1 30 k
Da THY, HI&IE 88 cm? ThHd, 7=, TEIRITEIL 44 mL/min, Transmembrane pressure
12100 kPa D—EfEE U, RERIFEIRIZTERMU .

AREZEDRFTTHWHAIL CHO MIfEIZL S Fed-batch 1B THERIZTER DI/
RMLRBIZEVBRUAY VTV THD, FURDY 775 Rk 1gG1 THY ., B FEIFH
150,000 Da, F&E & pl 138 8 THB, YV IVIIEEEL R Buffer (pHS)NBARXE TV
60

4-3. FERRUEE
4-3-1. FEEE 70—V DIRERRE T 276 HAR OB

HAD G REENSHIRIN TV S P-2200 fENEFTDOEELIL EZRE LAY
O—t L&AV, REBOEIE & To7-, ¥y NPy T UEERRER 4-2 1TRT, 22
Tl FUKIBED VT IV%E 5g/L, 10 g/L, 15 g/L, 20 g/L L EXPERIIZEDHRHIS, R A
ARV T FANT 70— B L, NI E 2 RIE Uz, BIREE I 25
mL/min & 75 mL/min D25 Uz, 58, & XEREIAEEFTH(SV-1A, A&D) T
E U EHATRODFEE X, 5 g/L Tl 0.94 mPa-s, 20 g/L Tl 0.97 mPa-s (#iZk TlX
0.93 mPa-s) Tdh o7z,
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1 ‘m[et Outlet

| Peristaltic 0“1cm O ool
Sample pump : 25

Tube (id. 5mm, 0.d.9mm, +  10cm—
length 484 mm)

42 ATV T ANERBRD-DDT70—IV Rty N7y

5g/L. 10 g/L. 15 g/L, 20 g/L FEE DHURY > T & e E 70— UAIEIGER L
7B OIE B R A A AR 2 X 4-3 1R T, Tz, JEREHEB S —E LR EE FAWT
VERR U7 EARRE X 4-4 IR, IEAE L TUREE OMICII R PR ER M S Y
N, ZOMEZIIFIDORIED N FHRIE DEMES DFEIFE 0.0559) L FIRRTdH-7=[44],
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5 o/ EEDFURY > T IVE FENE 70— U AERERR U 7= BE 0D i B i 5 45 7 ih
BER 4-5 IZRT, ZLOBHRITO NS T4— (LC) YATLAD UV 70—V,
EDELETREIISETSE0, CVEBL T Y RRY a—A0B/NRIZHZS
hTwd, —F, SEHEELIELEE 70— OFEIZELE a2 ADEALE
BUTHEBRIZAIWIVE W20, YV TV VAR ERIEENEEIIND
RS FERE SRR NI LR TR LTV, B EDRER LY, E
FEZLIRE D] BEZR 5o 2 BN B 7= DITI A, I e[ 20 5 DRENT ISR L & 2 72,

oo 0.3r B -

QJ ¢‘:7

3 L o

S 02- |

e

© L

kS | o © 75 mL/min

— 0.1F | ® 25 mL/min

kS L | o —— IPTEETI A

O 0.0besssss : : : -
0 1 20 30 40 50

Volume [mL]

4-5 5g/L ¥V 7 IVBIRE OIS Hhig

ZITI BHEEHROBEERICE DX VF—N—ZV INERYZAAR Y T %
ALT7O—vIUIBEETEETDFa—T %757 70—-) 74— (PFR) &LUT, 7
O—vI)VEREERERL VT 78— (CSTR) AR LUTET AL B %2T55
e U, ZOET VI EIGEHROBRIZEDOTVEN, UF—N—Z 7NN
VAR T AL TI7U—IUIZETHE Tl NE Smm DY) IV F 2 —T DHEEF
ZLTWS720, PFR EREL TS, £/, 7H—IUIDWTL 7H—EIVDAOT
NATTIVRERRRICRNAEPEREAICELTEY, 2L VR TERWE
ANELCTVBLE X, L% CSTR LREU, RROETV V7 Ta—FIF3A N
78 D Downstream MIEIZBWTIRE XN TS [45-46],

BEEBEVATLANTRIBIZELTWZRWA, FENLEMMEFELLT PRF &

CSTR ¥\ FHEAX(FHTAHILIZUK, £/, PFR £ CSTR DEREIZZNFN 9.5 mL
(Fa—TKFE) L 7.85mL (LIEFRE) ThH-7=.
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PFR CSTR
1 gt [P Outlet

| Peristaltic f)“l OR ol )
Sample pump M £k

Tube (i.d. 5 mm, o.d. 9 mm, 10cm

length 484 mm)
VPFR: 9.5 mL VCSTRz 7.85 mL

4-6 ATV T ANERD-HDO7O0—IVRty 7Y T

Model EFEIZIZTRAZHAW=, A7V AN TS CSTR DEEZALIZRAT
F£IXN5, 22T, Vesr IE CSTR Tank Volume, F, IZMAFERE. C 1L Inlet IBETH 5,

Vestr(dC/df)= F(Ci-O) (4-1)

JRIZ, Ci= Co= constant (step input), PFR tank BFE% Ve &9 D&, F LRI NS
5N5, BB, BIRE VIMEERE F LEE  OBTRLUTWS(V = Fui),

C/Co=exp [-(V- VPFR)/VCSTR] =exp [-(th 'VPFR)/VCSTR] for V>VPFR (4-2)

C/Co=10 for 0<V<Vprr (4-3)

S5¢/L U IVEBRUBOIEHRE RN 4-2 LR 43 DOEHUETNVETERER
= 4-71R T ETVERICE DB RIIERE R 2 RIFITREL, RN 4-1 37o—%
WADAIREZEAMIIN TS H ORIDIREHIRE FRITODIHEY THEEEZLR
Joo 22T, BIESGEDANETIINVEEL L) —BULTWS, SHEERELZET VDR
FEIZEDL, BRED A N7 —IVHDEESELL, BRIEAITGEVIRREIZR S
TW=eEZO6NS,
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EO 0.3r 280000000008

E -

S 0.2+

)

IS -

2 © 75 mL/min

- OAr ¢ 25 mL/min

_@ | === Model simulation

—

8- O-O“Q-W 3-8 ® 1 1 1 1
0 10 20 30 40 50

Volume [mL]

4-7 5 g/L BV FIVIBIRRED A ST IE BhAR

RIZ, AFRIEIENN, B)AT I AR BHAR, OB EIRE Vo2 XF X RERDE AN
T BHEAGEHEEE R 41 1IZE>TEEMIZFHE LA, X (F/Vesr TROINDIE
RITEFEARE) TH B (4= tF/Vestr)o

Case A) Linear increase C/Cy= gt* (4-4)
g =B AR

Case B) Gaussian curve Ci/Co = exp[-(£*~ *max)*/(267)] (4-5)
t*max Y= VB AREIZE TS t*, 07 HIEDDEL

Case C) Concave up exponential Ci/Co =exp(at™) -1 (4-6)
a: RO RERETEH/NTA—4

FREBFEED AN T 2 HE A ICE RO EAER 2 X 4-8 1R T Vo IR E
TROFRIZEE E BRI IR0, BEETETIE 0 ITERELTWS, MFDRAFRIIA
JEFTE x BHIHRLUT 1.0 2TV 7 M wirea=t +1.0)LTEY, AIEEZT7E—LILD
BRESZFTVTIRNU-BIETH S,
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0.6 Case A) Linear increase - Case B) Gaussian curve Case C) Concave up exponential

G/Cy = gt* G/Co = exp[-(t*t*,)?/(20%)] 54 _ C/C, = explat*) - 1
— 05 1r - /
L? 041 L
~
(@) L
« 03
5 L
o -
g 021 Input signal |
© 01F = Simulation -
-===- Input signal (shifted) -
O ra 1 1 0 1 1 ]
0 5 10 0 0 10 20

4-8 HAEEDOVIaL—ValiER
Case A) g = 0.05, After Ci/Cy=0.5, it remained constant.
Case B) * = 4.0, 6°=1.0, Case C) a=0.2.

Case C DIEEUNEHAR TIL, IGEHFED LEEDEY Vg 2 FEUHIRE (RARDICR
FIZES o7z, Case A DFFFEIEMNTIE, IRERCFRBREKR TRIZE FOSENAS
NP REPRRZIZEIU TS EIEZRIFIC— T 5fERE 8>/, —F . Case B D
AIARFHHECTIIARIRREENR ON, ZhE ), BB ORI TR TEE
ZAEEZRY VT T EGENDBEANEEDRBEILRIEN D IN-o7,

FLEEDBEY, UEETNEEERA O, B2 AN T2 % FHEITIZZL R
INie, PR Y VT IVIEEMTHY | MEARSRIEY Y TVEERSNT WS, V3
L—2avEiERTAIL T BEERY VNV EFER T R0EREIZT, A2 A
B 7u—RVDEA M E MR fEL 85, ETFVEIBRITIREE DBAEET O
A5 70—V OEAMEZFHETHDIIEATHELEZ SN,

4-3-2. UF BMELRRIZB MR EEDERTE=_ZV VT
FARBE TREAOHEREAIE LT, RANEE (UF) BR%FHU-EGRIEE (TFF)
IZEB RN IBEDENE LIEDEREZITV (X 4-9), FEtEIZLBHREEDI VI

TR T R {Tol, EBRETRE LR, RAAEEITEE LT —AEB0 kDa,
88 cm2)% FAV), 12 g/L iAW % 69 g/l E TIRAR U7z, TEERIEEIX 44 mL/min TH 5,

36



Retentate

4 ‘
>

Storage Permeate

Tank
—T Membrane

Monitoring

4-9 TFF EHEEAEDY 7 IVRA LEBET =25

L

MR OFEEELRS TN A280 EIZKVEIE LAZTRBE DHR 2K 4-10 ITRT,
TEHEILERE= AV T2 To/4ERTHY ., A280 TV VTN 2 REVRICFERE
> THIEL/AERTH D, K 4-10 ITRINDEY , R EEBIITUREE L RIFIZ—
BU. BT OREBHES VIV DREERIEIZIVEZZY VJHRETHEI L &
= S e

45F
— — 70
?vo -
© s - 60
C - -
S 30 502
® [ ~ 40 09
5 " 5
o 4300
— 15f
S _ 420
= —— Optical Rotati
o K ptica Otla IOﬂ_ 10
o o CpbyAy

0.0 ' \ 0

0 1000 2000 3000
Time [s]

4-10 TFF EREFD OR RO RV NI EIREHES

IEHE T OFNEEIZE BN NS FRIFTRE T H 505, BURIRMER TR R ORE
U TN EEEOTVFIELEZOND, £/-, HEBEHDOBRNOIE, XL
MOEDY) — I NFEUBRREDBRBMNFEE UG UZIREIT > TWiRnZ e
R ER TES LW R MIH Y ZDLSLEEHZOMBIIHUTERHA
BFHEEEZON,

37



4-4. INFE
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IZEBIUIFA V=R VI DWTCEILE T/,

5g/L. 10g/L, 15g/L. 20g/L IEEDHURY > TN & e E 70— UAIEIGER U<
EREAVTRERZ ERUMER. B LTAREOMICIE RIFREIRMENEIE
IN, ZOEXIIEIZEDONyFHIELRIFOERTH-o7 -,

IS, —EDT 77— Kb EGEES I Kb ERUBETT V2
FAWT 70—V RO (TR ATy TIREDET Vit BIEIZERERE R
BRI U7z, MELETIVEEE AWT, SEMN, AV A4, f8EIEMDATIES
2532l —YavETO, ZOETFVEHEIIEEDBEABRET ORI T57
O—VOEAMEFHMETEDICERATHLIL B HER L,

BEIZAVIAVRIRIZE BV TN RALADE=R) VT INEEL 5 R EEE %
R U-BRRERIZL 52 NV EDRELIEROERETV, EHEED VT
TEEAT o7z, TORER, 12 /L 15 69 g/l ADEFEITE VT, FELEHRIITUREEL
BIFIZ—BU. BEROBEHB L VIV ORAEICL) ERICE=2) VT T
BETHDILER Uiz, EELENEATIRIIAT UV AT V& VW TELE R M
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BSA:  bovine serum albumin, M7V T IV

CHO:  Chinese hamster ovary, F ¥ =—ANLAX—FIE

Cp: protein concentration, X>// N\VEIEE

CSTR: continuous stirred tank reactor, JEfGeia iR 7V T 72—

CVv: coefficient of variation, ZEHREL,

DF: Diafiltration

DNA:  deoxyribonucleic acid, 7 743>/ V) N i%EE,

DO: dissolved oxygen, AR IEE

FIA:  flow injection analysis, 7H—A Y7 av/if

GMP:  Good Manufacturing Practice

GOF:  goodness of fit, H&EE

HPLC: high performance liquid chromatography, SERIKZ < N5 T 41—

HSA: Human serum albumin, & MIFE7INVTIV

IeG: immunoglobulin G, 1A/ 2717V G

LOD: limit of detection, tRH [R5
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LOQ: limit of quantification, E=ZFRF

mAb:  monoclonal antibody, &/ 27—} ILHR

MAPE: mean absolute percentage error, SEXI#EXf/N—t > MEZE

NIR: near-infrared, ¥TFR#:

OR: optical rotation, fHEYEE

PAT: process analytical technology, 7'1t A L2

PFR:  plug flow reactor, 7527 70— 7 7 R—

RI: refractive index, JEfT=

RSD:  relative standard deviation, fHXITE¥E(F=

SD: standard deviation, 1Z¥E(RE

TFF: Tangential flow filtration, BigTiEE

UF: Ultrafiltration, FRAMEE

UVv: ultraviolet, 5841 &
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