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Abstract

Microbial host systems remain the most efficient and cost-effective choice for biotherapeutics
production. E. coli is often the preferred host due to ease of cloning, scale-up, high product
yields, and most importantly, cost-effective production. However, E. coli often experiences
difficulties in producing biologically active therapeutics such as antibody fragment (Fab)
molecules. Low Fab expression and high production costs present major challenges for
manufacturers. To enhance process economics, an optimized upstream process is essential. This
study employs a systematic approach to upstream process development of the Fab fragment,
ranibizumab, in E. coli. Initially, key process variables were optimized by using a two-step
Design of Experiments (DOE) strategy. Key process parameters—including post-induction
temperature, post-induction time, inducer concentration, agitation speed, media pH, and cell
density at induction (induction OD) were evaluated for their effects on biomass concentration,
protein yield, impurity levels, and light-to-heavy chain ratio. Fractional factorial screening
design identified induction OD, inducer concentration, pH, and temperature as critical
parameters. Response surface methodology further determined the optimal values of induction
OD, inducer concentration, media pH and post-induction temperature as 1.2 OD, 1 mM inducer
concentration, pH 7.4, and 35°C, respectively. The optimized parameters yielded 0.051 g
protein/g inclusion bodies, 4.99 g/L. biomass concentration, a balanced light-to-heavy chain
ratio (LC:HC = 0.98), and an impurity level of 8.2%. Notably, temperature and induction OD
significantly influenced LC:HC balance and impurity formation, underscoring the need for

tight process control.

Overproduction of heterologous protein often causes excessive consumption of ATPs and other
precursors, especially amino acids, and this can disrupt cell metabolism, thereby leading to
impaired cell growth and reduced protein yields. This study further explores the role of amino
acid supplementation in alleviating this metabolic strain. A Plackett-Burman DOE screening
identified critical amino acids, followed by a targeted supplementation approach based on
amino acid consumption patterns. The strategy resulted in a 28% increase in dry cell weight, a
40% improvement in protein yield per gram of inclusion bodies, a 23% rise in specific growth
rate, and a 37% enhancement in substrate uptake. These findings highlight amino acid

supplementation as an effective approach to enhance process productivity.

Production of Fab molecules in E. coli as a host presents a significant challenge due to low

protein expression and poor yields. However, overexpression often leads to the formation of
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insoluble protein aggregates known as inclusion bodies (IBs). Downstream processing of Fab
fragments remains a bottleneck due to challenges in IBs recovery and refolding efficiency. To
improve product yield and purity, we optimized lysis conditions, IB recovery, and IB washing
steps. DOE-driven buffer composition optimization achieved 0.069 g protein/g 1B, 61% IB
purity, and 87% lysis efficiency. Homogenization using two passes at 1000 bar increased lysis
efficiency to 93.5%, maintaining 60% IB purity. Furthermore, optimized IB washing using 1%
Triton X-100 and 2M urea for 30 minutes at room temperature resulted in 84.53% IB recovery
and 75% IB purity. These optimizations demonstrated that refining lysis and washing
parameters significantly enhances IBs quality, thereby improving refolding yields and

downstream purification.

IBs are typically more stable and contain a higher proportion of the target protein compared to
the soluble fraction. However, quality and stability of IBs play a crucial role in determining the
efficiency of refolding and subsequent purification of the target protein. IBs storage conditions,
including temperature, duration, and freeze-thaw cycles, were systematically analyzed to
determine their impact on stability. IBs stored at -80°C exhibited superior stability compared
to those stored at -20°C, with degradation increasing over time and with repeated freeze-thaw
cycles. IBs stored at -20°C and -80°C for 45 days showed a 51% and 30% decrease in refolding
yield, respectively. Lyophilized IBs exhibited 40% and 20% loss under the same conditions.
Lyophilized 1Bs demonstrated improved stability under all tested conditions, outperforming
conventional IBs. Moreover, an increase in light chain fragmentation was observed over time,
potentially contributing to reduced refolding yields and complications in downstream
processing. Additionally, IBs formed during high-cell-density cultivation contained with host
protein impurity, potentially interfering with purification. Based on these findings, lyophilized
IBs and IBs stored at -80°C with minimal freeze-thaw cycles were identified as optimal

conditions for preserving IB integrity and maximizing recombinant protein yield.

This study presents a comprehensive approach to optimizing Fab molecule production in E.
coli, addressing key challenges in upstream processing, metabolic burden, downstream
purification, and IBs stability. The findings emphasize the importance of precise control over
induction parameters, targeted amino acid supplementation, and optimized IBs handling to
enhance overall process efficiency. Implementing these strategies can significantly improve
ranibizumab Fab protein yields, reduce impurities, and streamline biotherapeutic

manufacturing.
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IR
ATeh 9T TR RieH IRRTfCa SdTG o folt Tad HR1A 3R AT THTdT fadhed
¥ gU | FAIMHT, Whd-3(0, 3= IdG UaaR 3R o Hedqul &0 3, AT Tt
3T BT 3T F BRU TR Bk S, Pich) SRR THdieT 8Re BT 81 ST,
3. DI B SRR USITS! PHE (Fab) U3 oI Sifde = W Witha fiferaita Idre §
BTl T TTHAT BT USdl g | HH Fab IATG 3R I IddTed ANTd fAafarst & fore
! AT U= Bl ¢ | Uiohar SR & Se™ & Ay, U SrHierd SR Ufeha
TTH ¢ | T8 AT 3. DIl H Fab e, IATIHS & O Hfehar fawy & fo
TS AT VB0 BT JUTNT Bl & | URH F, S1-aR0ig FETe 8ffth Tarikide (DOE)
U BT SUTNT HRh THE UichdT TR 1 G Ierd fohaT T T | T Ufeham TRTHR -
ST IH URU1 & &1G &1 AT0HM, IRUT & §1e &1 G0, UReb Figdl, figie &1 Tfd, difgar
I 3R IRUT R HIRASBT gd ORUT 311S) M § - BT JedidhT STaAN igdl, WA
U, G P TR SR Geb I HRT YTAT SIATd TR 3% WHTa! & g fopam ma
3P BREB THIFT &S 7 W01 i, IR Wigar, Hug iR aUHH & Hgaqol
AIcS! & 0 § UgaT| Ufdfehal Tde UGia = IRur e, IR i, Hifsar tieg ik
URUI & ¢ o dIYHH & I¥IH i ! HHRE: 1.2 ISl 1 THEH IR Higdr, died 7.4
3R 35 f&oht g & wu o fuffvd foran| sr@fad Ammest 3 0.051 I W/
JHIGRE FP™, 4.99 TW/Ud SN Higdl, U Ggfod g 9 HRT Sadl Sud
@AHTERT = 0.98) 3R 8.2% T Yl TR U a1 | Iea-1g ¥U 9, AqHH 3R
TRUT OD A LC:HC Fga 3R 3RIGdl T3 &I Hegayul U ¥ guTiad foar, fores v
gfshar =01 1 Sazgeal o Y@ifebd fedr T fawd TidH &1 $ifdid IdTe SRR
Tt 3R 3 Sprdl, faRy w0 ¥ sifiY TS &t 3rafie @ud &1 RO 9491 §, IR
TE DI T P ST B Yeba 7, IR HIepT g T Bt § 3R e ot
UCIaR & 8! ¢l T8 37T 0 Iy d1d B HH & § 3] TRIS bl 1
AT HT T Ul AT 8 | Wb -aH S3718 WhIfT A HEdqu! S RIS &t ugaH
B, TP TG A TRTS WU Ue & YR W Afed YRabal VDI TR 17| 3
U & URUMRGEY it D111 UR T 28% Dt fg, GHIEARH Adral & ufd o uidH
U H 40% UR, faf1y fawr @x d 23% &1 g SR Wsuee sues o 37% 3fs g3




gTetifep, 3ifie Sifiaufad SRR Srea=id W Tg=m & o &t 3k 3 oIt 8 o
THIAYE FH™ (1B) & 0 § ST O g1 1Bs Repadt 3R Swifcd gerar & gHifaal &
HRUT Fab THS! B SIS H TR U ST S 83 & | IATG BT IS 3R Y&l |
JUR HRA P o, g0 s ot fRUf, 18 Reapast 3R 18 91T =Rl Y srgepferd faam
DOE gRT JTfeId SR WRTT 3H e + 0.069 IH UIH/g 1B, 61% IB Y& 3R 87%
TSR G&fdl BRI B11 1000 IR W &l U BT IGANT HRah GHAIGHIZOIRM = ASRd
G&dT I 93.5% b del T, FoIY 60% IB Yl &+l Ia1 | $HP S{cldl, HH b qTuHH
TR 30 e & forT 1% T1ge X-100 3R 2M AT BT JUURT HReh SIH erd 1B IR &
RUTIRGEY 84.53% 1B Raaxt 3R 75% 1B [Gdl g5 | 37 3% A Yarid fear fa
RpTefT ATERg 3R aMiRAT MR 1Bs P T[UIGRT &I He@yUl ¥U J §gId &, o
JPIET IUS 3R ST Y[GHR0T H YR S & | SMEaT HAR TR 31 fRR g
€ R gaT=Nd 3R & o H A& Wi &1 3o SUTd X&d & | gTaiids, Taal &1 urad
3R FRRAT 97 UIEH & AHIfcET 3R IqF 918 & YR $1 gerar HufiRd & o
eyl YfiysT AT €1 aTowm, 3afy 3R iel-of 9ot afed Smsat HeRur fRyfaat &1
IRYT T I fa=awT fopar 737 drfes FRURAT IR 3% UG &1 fuiia foar o 9 | -
80 f&Ut T R TUgia emsal 7 -20 f&Ut R W R Mgal B o H 9gaR
R vefia &, 7y & 1Y 3R IR-IR WI-UT I & 1Y fiRTae ag 751 45 fei &
for -20 &3 SfR ik -80 f&3h Ao wR Tugta ssat 7 R dwifcdT Ius o
51% 3R 30% Bt HHI feETs | AR SHSa 7 U IR T 40% 3R 20%
@I g UaiRid &1 | argsifthagss sfgal = Wit uRier fRufaal & dgd dgar fRRdT &1
U fora, S uRuR® st ¥ dgar UeRH #RaTl 81 S9d 3adl, 9 & 1Y d1ge
oA fode ¥ gfg <t 78, S guifad = U ¥ JwifcET Iust 3R SIS URiRamRor
SifeadTal & HH & H AN < Tl g | SqP AR, I-DIRABI-G-d Hag- &
GRM §4 d1d 1Bs T BIe I SRIGdl 8id! €, Sl SHTdd =0 ¥ Y[GdmR0 & areT I
R g1 37 sl & STUR WR, AZSNBAES (Bs 3R IAdH iol-Uf b & T1Y -80°C
R TUBIT IBs B IB SRESAT 1 IR B3 3R T: YIS WIS I0S DI SHfIHIH e
o fore syan fRufadl & U 4 ggaHr |

g 3T 5. HIcs H hd 3] SdTe Bl SIHIerd B o (oY Udh TS DD 0T TR
HRAT g, Sl SO THHRUT, T 1, T3 W Y[SHR0T 3R 3sat fRRal H e
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