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- Downstream Processes

» Formulation Development
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Osmolality monitoring for UF/DF and CEX capture of mAbs Scientific Resource
from mammalian cell cultures

RBEEITBARDEEZKIFOJTSLELEDDI Y EIBEMATRLA N AERRLEROADE CEELDITAEMBEL Z>TUVE
T BBEIE. EEMERM (critical quality attribute : CQA) X L TORRZBX. FIfc BRI ERINDZICONT. TOAEE
CEHENBESMIBED DOHD FT, REDAKTIE. 77 /HEHETILRL (AAVL) MBRO EREEICSVWTORERZZEET S
CZICED. HIENSHREHTNIEYDEEL RBZE LS EZENTEEZEANREINE LT, (https://
www.aicompanies.com/. ing-the-i -of- ity-on- - i
#1575551287534-75d53366- 51e9).5§iértat\ mEEIEZET Y R— T 370, *'thmtxéfzt‘cﬂﬂi*nia“o ROEE. 12
ENRT—IT7O-DERTYTICE T2 FEOREZER LM T2 /DICRBEEZFRATEZERT IV r—> 3 >y&ZRLTVL
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Why - Optimize culture conditions and media Check raw material concentration and perform Monitor and ensure
Osmolality? selection to maximize cell health and in-process monitoring of purification and filtration steps final composition,
density, and ultimately viral yield to maximize purity, cell/virus stability, and yield dosage, and stability
Workflow _ - _ -
Ve i ~ ) ™~ "-—.\‘ /-
f Cell line \ Buffer Purlﬁcatlon Filtration \ Formulatlon |
\_developme \ culture ) evelopment
~— _ SN 4 ~
Use Cases . Cell Culture Optimization . - Purification Optimization Formulation Development
Media QC and Monitoring Cell Size Optimization Buffer QC and Monitoring and Stability Testing
Optimization of Feeds Transfection/Transduction Confirmation of Sufficient Buffer Cryopreservative Final Product QC
and Additives Optimization Exchange/Concentration Formulation & Compendial Testing

AAEOBWIE. B/ 70—FIIAE) YT I T ECEXTEINT 28IDEN3:8/FH (UF/DF) ATV AICHBITZRBEEE=4
DY DREFBRIBZE T, MROT—770—ICB1F3UF/DFO7OtERIE. £/ 7O0—FIK. 2208 (RILEY
RE)  BEBRCOEYZNABRROREICEVWTARIRBDDTYE, UF/DFRATY Flid. > 7ILDEE. B8, B, Ny
T BRIERY. EBNOFERARNTRDICHLIC. HBEIVIHEAEDETEREITZEHTIET, pHEEERIFICE5
HTROTOC R DT TERAINIIEENLAERETH 7D, CNS5EAR—RX LT, UF/DFO 7O RN TOREEEEICE
BEI3ETILEZBRLFE LT

Materials and Methods

mAb production

E/7O0-FIIE (VYF2T7) ZDXB-11 CHOMREMKICHKIRSE. FEMTOETE—4—DT. 7z v RNV FTEET S/
J VT OR—THEE LT, EEMIINY T OCHOMREMNRT > IV EBRE. DA CHMRTHRABEL F L. SLEBCEER
NEETHOBET. O—RELAVDIRERBEL X Lz £D78. OHBICCHOMBEZ Ny ZILFE> 10750

T. Power CHO2IE#! (Lonza) T0.25x 106 cells/mLICH#A L £ L7co REEMFITHSZ01% 7N O=v ¥ (P-F68) % CHOM
FERREEHICHRIN L. R—RE B 30.1%P-F68%ZFRMLI-E. VWIS IXTDI—R ML Y EESEME ST L T02%D> 7707
FEY RN oo MBIEERMIEI7°C. 5 %C 02, BOrpmTITWE LT

RSB DBIEE. £E T T — X TIFRIDIEH. BalanCD growth A (Irvine Scientifictt®) =R L £ L7z, ZOMiatkiE. 2pug/
MLV IV (4-4V TOEILREFE) ORMICE > THFESNZ TOT—X—ZHRATEIRNIZ—TRENICEZI VXTI b
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Osmolality monitoring for UF/DF and CEX capture of mAbs Scientific Resource
from mammalian cell cultures

HEICIE. 2T OA—XD20LWAVENAF Y 7o 42— (EERTEIOL) ZFRALE L. N1AUT7U2—IF. BalanCDIFHIZ0.3 x
106 cells/mMLOBETHEEL £ L7z, MEEZEED3-4x10¢ cells/mLOBMEISZEL-E T (BE3HEB) ICHERREIFESNEL. M1
AREFECEIFIC. 3SHEISBES 7 32°C) Z1TWE LTcs 7 5SmMOMSX% ZviN L 755835 #BalanCD CHO Feed 4 (Irvine
Scientific) Z. 3BBICIS%W/VR—S X THEISHML £ Lz, EERIAEAP. MEBEEFI Ty RAYFE—RTIRIESh. N1F
7 UZ—IZIE5. 7. 9. NEHBICBalanCD CHO Feed 4N 15%W/VR—S X THRMINE Lize L OA—RIEBBICGELT2MI L
OA—RERTI7~35mMIZHEIFL £ LTco AHRTIToBBERAEITTA

T. Advanced Instruments OsmoTECH® XT Single-Sample Micro-Osmometer Z W TITWE LTz EHFERS0%TNI AU 7Y
Z—%[EN L. 500 x g T159R&E0 L THIRREREZRREL £ L. S\MERYME (CFM) 202 pm7 s )LEZ—IC@BL F LT, BE
T4 IILE—BDCFMDBEIFI5 NTUT Lo EEZ(F18.4 mS/cm. pHIZ7I5T LTze HEED Y > FILIZ. 9HTFAMABPac Protein A
#15 L (Thermo Scientifictt®) % fg X 7=Vanquish UHPLC> X 7Ly (Thermo Scientifictt®) ZAWVWTTF A ML F LT, RIIGEE
[$9.0L. BRI MMIL0.68g/L. FREERIL612gT L 70

CFM conditioning for downstream (concentration and buffer exchange)

AV ZN)—LAOHMBEZRAKT Z70. CFMEZEREL. TFFCUF/DFIC& > TEBYIARF v 7F v — Ny 77—y 7 7 =L
FL7zo ERYIDBMEE Ny 7 7 —HlF. 50cm2DPellicon XL TFF cassette, 50 kDa MWCO (Millipore) # AW TITWE L7z R4
DIBEERIIC. T IINEZ—IEBRA A K THREL. FEbIEE LTz CAMIIIBITEMRIEIN. FoEIE35mL/9. REEE (TMP) (&
2psilCEREL F LTco 20, 51 4 O RBEREIETELNy 77— (25mMEFEE S MU T L. 50mMIE{tF UL pH5.0. &
BR [ 6.4mS/cm, BB 1 133mOsm/Kg) IC/N\y T 7 =KL F LT ERRABEEBRABAOYEEZ E=4—L. BEX. E
BE, pHZE&®R LTze BHONY T 7— « SR TLANDEBRZIZER T D-HIC. B4 A TR 2a—L=ZWEBLF LI, CFMIE. o
OX IS T74—AZLICO—RT3E1C. 022uMmDX T LT IILZ—TBEZBLF LT

mADb Purification

QNS LEREE TSV LE LR D B4 (CEX) #ifg (Capto S ImpAct. Cytiva) TF¥ F7Fv—L. B4 >3 (AEX)
s (Q Sepharose FF. Cytiva) TEEHMAIDNALZEFEEMIIS > /INIE (HCP) 2RV v VI LTHRELEFT,

EEE. LROBUAFHEENY T 7—ICNy T 7 =L, CEXZAWTE/ 70— FHILinEZEE L £ L7, HiScale1.6x20

cm (Cytiva) DA Z LART «IZCapto S ImpActiithg (Cytiva) ZFIEL £ L7ce AT LIFET25mMEFER S ~ U D L. 50mMIgTEF b
)7L, pH5.0 (BEZE : 6.4mS/cm. Z&EHE :133mOsm/Kg) TEELLF Lo CFMZAZLICO—R L. HEFEZ3DE D EL
Foo WIS, 8CVOHEE/NY T 7— (25 mMEEEEF k1) Ls. 100 mM NaCl pH 5.0, EEEE : 10.9 mS/cm. 2B : 218 mOsm/kg) T
ASLEFFEL. 10~65%DAH/NY 77— (25 mMEFEES b 1J 7 L. 500 mM NaCl. pH5.0. BEE : 46 mS/cm. ZEE : 939
mOsm/kg) M20 CVDT VT FTAEBETVE LT

RwS YT DRTw T TlE HiScale 1.6 x 20 cm (Cytiva) D755 LARIKIZQ Sepharose FFR&E (Cytiva) ZFIBEL F L7z, Capto S

AHBZOR uMXYTL YT ILA—TABELE L, EFXRAFLOD (2279 mS/cm) « TOH >V FILEAEXFEE{L/NY 77—
(10 mMU VEEF R U L, pH73. & 1335 mS/cm. Z8EE | 47 mOsm/kg) TLHEICHERL. 20RO BERMERITTHI LIS

O—RLZF L. BEFRBEEIXT9 mOsm/kg. BEZRIXI0 mS/cm. pHIZ731TL e AEXAS L% 7O—X)L—E— R TEME

L. 3CVOHENy 77— (FEMENy T 7—CEBL) THATLZEEL. 10mMU VEEF MU T L IMNaCll pH73 TR MS1EY

' LE L7 (Cond.: 839mS/cm. Osm. : 1755mOsm/kg) o

> 7LD F3fHilEMABPac Protein A1 5 L (Thermo Scientific) T&HfiL £ L 7=
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Osmolality monitoring for UF/DF and CEX capture of mAbs Scientific Resource
from mammalian cell cultures

Final concentration and buffer exchange

BIRERYIDEFEE /Ny 7 7 —3H#eld. 50cm2dDPellicon XL TFF 1t w k. 50 kDa MWCO (S URT7#E) #AHAL. ERCELCE
HTRELE LT 2-ASLTHELIEDDE20 mg/mLETEMBL £ LT

CORTITZILEIVYESTTEEBNY 77— 735mg/mLIITVBFEUT L, 9mg/mLIELF RUD L, 07 mg/mLARUY
JLR— 180, pH 6.5, HEEXR 23.0mS/cm. ZBEE 403 mOsm/Kg) ICNY 77 =ML &£ Lo Ny T 7—RIETIE. FRIFI0mML/
2. TMPIZ20psilcE&E L F L7z COUF/DFZ Y Tld. 140 7R ) 2—LH20mLICHEE L. 841 7R 2a—LHERINIRFERT
Ny T 7—RERT LELT

RESULTS:

T/ 70-FILRED Y F 27 T2 HKIFT BCHO DUXBIlIlakE AL T, TR7ZOEXR Ty 7O7HICEMEEORARZITVE
Lfce L=, ILEE. NHAR Y DIZERHYHD 7 A X b T, Mtk FER L/IEICKRD SN2 R —KT % 2 EHEE

BEINFEL RUCRESNZ L5 REBICEERNS0%UTICR 2 7RFR T MENEZITVWE L, 2BE. EEX, pHIET
NT. ERT7OXOBBEFIC MITL TAEL £ L, BERILI84 mS/cm. pHIZZ. 5 AIEINE LTzs OHBOMEEEDZS
[E1$363 mOsm/KgT. ZDE3HAENSNRHEXZFTEHAEZITVWE L. Z0ERZTableliZRLTWVWE T,
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Figure 1. i5&#ilRIIBAY TV 7. BEEIAV I 2—-ZRAVT. £EFEHREECEFRET=-2U VI Z1T 21

Cell culture da Osmolality(mOsm/kg

3 327

4 320

5 352

6 343

7 372

8 370

9 384

10 404 -

11 402 OsmoTECH® XT
12(harvest) 405 Single-Sample Micro-Osmometer

Table 1. HEOHISEDZEET X FOFER,
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Osmolality monitoring for UF/DF and CEX capture of mAbs

from mammalian cell cultures

Scientific Resource

THROT—0 70— %28 L TEBEEDHEZEE T S7-DIC. Figure 2ICRT L SIC. BBE. pH. BLUVEBROAEEITV

Fli

mAb Downstream Strategy

Figure 2. Fii 70t X DR D 7= 8 D SEEREHEL

TFF & UF/DF (conditioning)

\4

Purification (CEX capture)

4

AEX Polishing

4

TFF & UF/DF

Final Formulation

Primary recovery (harvesting)

(Osmolality, pH and conductivity)

(Osmolality, pH and conductivity)

(Osmolality, pH and conductivity)

CEX AT LDRBIZE T ZEMELUNY 77— X7y I T, REE. BEXR, pHZFHMEL £ L7, BRROEEROET >
ZILIZDOWT, Eh®hTable 28 Table IR T—2 %13 F LTz FRINZ &SI, REE. BEER, pHOMEIFDVO 7Ot X
ATy FTEITRPLTED. ThENy 7 7—OHEBHAPEILL TWBR I ZRLTVWET,

Cell-free media (CFM)
Concentrate (3x concentration)
Concentrate (0.25 DV)
Concentrate (0.5 DV)
Concentrate (0.75 DV)
Concentrate (1 DV)
Concentrate (2 DV)
Concentrate (3 DV)

Concentrate (4 DV)
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Osmolality

(mOsm/kg)

403

400

390

351

247

223

180

175

161

Conductivity
(mS/cm)

12.9

12.43

12.19

12.06

9.21

8.64

7.91

7.83

7.49

Table 2. CEXA S AlcO— K ¥ 3HiICH >
TN AF142a=JdT30HIC, B
MENY 7 7—HDBICH > TIVE B
L7

CO7OtEXRA, ZEE. BEEX, pHZ
TARTE=ZZ— LT



Osmolality monitoring for UF/DF and CEX capture of mAbs
from mammalian cell cultures

Table 3. B H S UNY 7 7 —Hahic Y
Osmolality Conductivity
Sample (mOsm/kg) {mS/cm) YTNEEBDBIE, CEXASLICO—FT

BEiicY >IN e Fea=>d,

Scientific Resource

Cell-free media (CFM) 12.9 7.22 o -
7Ot A, BEE. EEX, pHZ T
Concentrate (3x concentration) 400 12.43 7.28 )
. . NTEZ @ - L/ TC o

Permeate (during concentration) 388 12.89 7.28

Permeate (0.25 diavolume) 373 12.51 7.29

Permeate (0.5 diavolume) 351 12.06 7.19

Permeate (0.75 diavolume) 324 11.48 7.06

Permeate (1% diavolume) 305 11.07 6.88

Permeate (2™ diavolume) 233 9.64 6.02

Permeate (3"i diavolume) 175 7.85 5.27

TEEAT Y TR Y T IUSHERECEXA S L%EBWTZ > LE LT Figure3X Figurebld. CDZVDFERERLTWVWEY, SDS-PAGES

JU (Figures) &, 7OCRADIEFIERITY AL > TCRHINZ O NVBLEERLET, L—27r81dk. FNENIBETLETT. 7
WACEXD S LD SAH LIcY Y TILOLERIEHEZ R L TVWE T, Tablesld. CEXHS LS VEDZEE. pH. EEXROAEZERERLT

WET, CEXNDSLDIENRE WSEEIF. 77« 2T« —VAI NI ST 4 —ZR—RELTF v TFv—DRT v TOFANBE 1FIF—

LTWBEeEXSGNET,

o f\ Figure 3. AKTA CEX4YERD/O7 b 'S
. ' ; L, UV280nm (B#g) I FILLEE
o :u . (FLOSH) 2E=4—
- B ‘ TO-ZL—@% (FT) 257, BHE—
o | 1 . JIBETNTST I TV S,
i f = ———— “i |I | -
4\1: |I | Iil ‘II'. =
a0t | | B 1
| el \.'“ ll »

mOsm/kg mS/cm o

Load 7.49 5.07 SREE. WER, pHEZBEETES
Flow-through 171 7.73 5.03 A— L7,

Wash 227 11.48 5.01

Elution 442 22.79 5.01

Strip 928 47.1 5.01
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Osmolality monitoring for UF/DF and CEX capture of mAbs

Scientific Resource
from mammalian cell cultures

KkDa Figure 4. FEVACEXD 5 DIER TSI 3
185 1. MW Marker > DSDS-PAGEHIE, IRTOH>FIL%E
115 2. 1gG standard (non-reduced) 109RE#H L. H28 Qopl) =4 /LicO—
80 3. Cell-free media Sy —s
65 4. Capto S Load (conditioned) kL7co 7ILIEMOPSS > =27 W
50 5. Capto S Flow-through 77—, 200V TC500 kL. <> —

6. Capto S Wash R _
7. Captos elution (non-reduced) T—THRELT.
30 8. Capto S elution (reduced)
25 9. Capto S Strip
15 ‘ N 10. -
10

Table 5&Table 6id. HWEINY 7 7 —HAOREZBHAD., BERLBBRENENDZELE. EFEX, pHOAEEZRL TV
F9, LAk BRIGHERINCFZBEIOVWTEUOTAINERZRLTED. CORKERBIENIRILIECCER
LTWET, .

{mOSm/kgl (mS/cm) EIVHAANY T 7=ADNY T 7—=%

AEX Flow-through 10.32 BEFIC, RBEE. EF/E, pHiEZAEL
Concentrate (26-fold) - 204 11.4 7.3 T=o

Concentrate (2 DV) 2 315 17.59 6.95

Concentrate (4 DV) 4 376 21.1 6.67

Concentrate (6 DV) 6 394 21.94 6.52

Concentrate (8 DV) 8 401 22.84 6.49

Formulation buffer - 403 23 6.5

(DV) (mOsm/kg) (mS/cm) RRBANY 7 7—=ADINY T 7—ZHBOE

Permeate (TFF) 10.88 7.29 Ic. RBEE. EEX, pHEZBIEL .
Permeate (1 DV) 1 235 13.74 7.18
Permeate (2 DV) 2 270 15.4 7.11
Permeate (4 DV) 4 300 17.84 6.92
Permeate (6 DV) 6 328 19.37 6.81
Permeate (8 DV) 8 341 20.77 6.76

Figure 5 ¥ Figure 6 |3, JBBARY > TILCEBBRYT >V TILD. CEX F ¥ TF v AT THIOCIMZ AV T4 >3 =7 930D
Ny T 7R DREECEEROEN T — 2 ERET—2%ZRLTVWET, TR7ZOCAFOHY D FILORERCEEXRT—4
ICEDE. CFRMOZ 751 ViaEXRT I FOFBERAME. CEXT v 7Fvyr—AOFEOBH YL L TERT 3 ETILOBEZRE
LEL7 BBV IINOT—42D 56 UF/DF7OC RIS BEREZEBEOE (A4 TFHR) 2a—LEBEM) ZHEBIERLT
Oy bZER L. CFMEZCEXAS ALAICAO— R 3ODEBEREZITVE L. T—2R1 Y MIERILIN. 10#IEAE)H S
0.0(BRRME DERICHZEERE FEEINEEDEHETICEIVT, T v L2 TT7Ivy R I FE LTze TNl Figure
50CraphBTR2 N TIT£T,
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Osmolality monitoring for UF/DF and CEX capture of mAbs Scientific Resource
from mammalian cell cultures
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Figure 5. \w 7 7= 8hiCH V7N EBEL. CEXASAICO—-KI38iicH >IN EaAYFeoazrd, HER2EED
F—RIIFH T, EERDT—RIEBETRLTHD (FFTA) o FERIELSNIT—RIEHE T+ v b TPV v XA T, GraphB
ICRRINTWS,
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Figure 6. CEXAS AICO—FR$3RIICH Y TINEAYT42a=o I35k, Ny 7 7BRPICH Y T EEBSE 3,
FRIESNIGREET —2IEHR T BBRT—2IEFTRINTWVS (Graph AYB) o AL—R + U7+ T4y hTT7S¥ R+
LBt T —4 % Graph CIZR T,
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Osmolality monitoring for UF/DF and CEX capture of mAbs Scientific Resource
from mammalian cell cultures

Figure 7X Figure 8l3. TNZNEMBREBEBROEY > FILICDWT, REEEINY 77 —AOREBABDZEFE L EEXRHTED
XN T—FEERET—2ZRLTVWET, BIEIZEK. {ET1 v ML > TP v A PTNERET—2RA > M 1.0 (7]
HiE) 7500 (RIXME) FTOEBRCBEFEORZELICEIVTVET, EERCZBLEDHEMEIVTND. REKEEITIEY
B> 7L B L TEMLTVWE LT,
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75 75
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®

Figure 7. R HMODRME SURFINY 7 7 —ADNY T 7 —=3@EICY VTV iBfE. HEXNEBEEDT —2IEHKRT. EBXRD
T—HARFETHRINTWVWS (Craph A) » EFREEINcT—2IF T+ v MIE>T7P v XA TN, Craph BIZRTATW
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Figure 8. R MiEMIFE KUHEINY T 7—ADNY 7 7 —THEIGDERY > T,
EXREEDT —FZIFHRT. BERXROT—RIFETRINTWVWS (Graph A) , EHRItINT—ZIE /WETr v MILkoTT
Ty A RTIN. Craph BIZRINTW 3,

9 Advanced Instruments



Osmolality monitoring for UF/DF and CEX capture of mAbs Scientific Resource
from mammalian cell cultures

Conclusion:

SEIOMETIE. TROUF/DFOY T aZ VI BLUVCEXBRRATY BT 2 REECEERE R LIER. BELIER
T —2ETITHRINCLSIZ. BFAEENTINE LT, COBERIE. 2 TR LUETFFS &K VUF/DFZIERMHE T TOIRE
FERAEEDRENSVWCEZRE L TWET, £, ERINLET—RICEDWVWT, BBEREIF. bIN A 7OL A REZHFT 28
HCED EERLDLBAIBY —IICRZUEENH DL EZEFT. CNSDOFRIE. Edith FelfédisIZ & 3. =FBEHUV260E
KUUV280L EBICE YNV BEEZFAT3OICERATES CCERENICSR LA TREHINEMBEC EBIC. BBEELT
MOTOCZANTA—EZ—|ICHEVTERETEELRMICADS3ZRLTVET,

BN, BEREIFREYENRFHEDT—0 702 %zEL T, ERETHENLGOHY—IILELTERTZIEMNTET W
5 TY, BEROMBEOREKEDTMD 5. Jihe Ny 7 7 —ARICH T 2 RETMIEE. £ L THRETIFUF/DFOERT
ROFHMEE T, REEREMENRFANEDT -7/ 7O0—24F%ZEL T, HE&'CxJJ‘KE’J%ﬁJ\*ﬁ‘/—)LK LTHERTEENTERE
To S SHICEERTOCLRANTA—EFZ— LT, BEEZTITRTOCLATEDLSICHATET 2L ZEICIEREL. FHAIT S
DICIE. SHBRDJMBLABNBETT, Felfédi. EdithsIC &k B8, EEC&GT Catapult Advanced Instruments’|C & 2 &RIED
HEMZE. €L TESEERINIHARLSESNLERIZ. BEENMNAA 7O VIO T—0T70-DH5HBZAEICEVTE
RICEBINBZINTEERIBIZTH D L WVWSBABIMZRL TWLWETD,

Jefferson

Thomas Jetterson University

Evaluation performed by Jefferson Institute for Bioprocessing
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Osmolality monitoring for UF/DF and CEX capture of mAbs Scientific Resource
from mammalian cell cultures
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