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Abstract

Recombinant proteins dominate the pharmaceutical pipelines today with microbial host
systems continuing to be a major contributor towards their production. E. coli is a versatile
host for recombinant protein expression due to its simplicity, affordability, and ability to be
cultivated at high cell density. It is particularly suitable for non-glycosylated proteins and
small proteins. Despite the aforementioned benefits, use of E.coli as the host for the synthesis
of recombinant antibody fragments often suffer from low yield and reduced activity. In most
cases, proteins are expressed as inclusion bodies and need to undergo refolding to achieve
their active forms and this refolding step is generally low yielding. In this thesis, we report
the various approaches that researchers have taken for enhancing production of recombinant
antibody fragments in E.coli. Molecular biology-oriented approaches such as cloning,
chaperone-mediated folding, and host cell screening as well as process optimization

involving examination of process parameters, media, and feeding have been addressed.

In the first objective of this research, various strategies have been developed such as changes
at DNA level (codon optimization), fusion with soluble tags and variations in process
parameters (temperature) and inducer concentration. However, there is no “one size fits all”
strategy. The most used approach involves induction at low temperature, as reducing the
temperature during cultivation has been reported to increase bioactive protein production in
E.coli. We examine the impact of various process parameters such as temperature and inducer
concentration, as well as high plasmid copy number vector for achieving enhanced soluble
expression of TNFo inhibitor Fab. An interaction amongst these parameters has been
observed and their optimization has been demonstrated to result in expression of 30 +£3 mg/L

antibody fragment using E.coli.

Predominantly, recombinant expression of soluble Fabs in E.coli is commonly acknowledged
as a challenging endeavour, characterized by low expression levels. Typically, efforts involve
attempting the translocation of proteins from the reductive cytoplasmic environment to the
slightly oxidative periplasmic space or spent media to achieve desired soluble protein
production in E.coli. We have investigated the use of additives to enhance the expression of
recombinant enzymes containing signal peptides. These additives include surfactants, amino
acids, and osmolytes, both individually and in combination. We report the usage of dose
dependent concentration of additives namely Triton X 100, sucrose, and glycine, for

achieving enhanced expression of recombinant Tumour Necrosis Factor (TNFa) inhibitor Fab
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in E.coli. Interestingly, we found the enhanced expression (1-3 fold) using all the three
additives. Most optimal results were obtained with Triton X 100, which improved yield of
periplasmic expression by 3.2-fold, demonstrating significant role of these additives
delivering enhanced production of difficult to express products such as the TNFa inhibitor

Fab in the E.coli system.

E.coli strain development has witnessed major advancements over the past decade to
manufacture affordable biotherapeutics. The goal of the third objective was to perform E. coli
strain screening for enhanced expression of TNFa inhibitor Fab. The commonly used T7
based expression host system has been compared with 10 other advanced strains. We observe
that derivatives of BL21(DE3) exhibit about 3-fold increased expression of soluble TNFa
inhibitor Fab than other systems that were evaluated. The host strains, One shot BL21 (DE3)*
and BL21 Al offered the highest specific protein productivity (3.5-fold and 3.2-fold,

respectively) in the bioreactor.

To sustain stability and bioactivity of the expressed proteins within the cell, co-expression of
multiple genes was examined in the fourth objective. Combination of plasmids such as
multiple promoters on single vectors or single promoter-based vectors with different
antibiotic genes were co-transformed into E.coli. To investigate the enhancement of desired
recombinant TNFa inhibitor Fab, we co-transformed the dual promoter construct carrying
gene of interest with single promoter’s plasmid clone bearing individual chains of the same.
The expression doubled when heavy chain was co-expressed with the main clone and 1.7-fold
enhanced expression was observed in the case of light chain co-expression. The study
demonstrates that co-expression of same genes or subunits of desired proteins offers a potent
strategy for enhancing the soluble expression of recombinant proteins without any internal

genetic modifications within the host.

Overall, the current study, illustrates how process optimization can contribute towards
making biotherapeutics affordable and could be very beneficial for the large-scale,
economical extracellular production of biotherapeutics, particularly those without any
glycosylation or other post-translational modification. The results of the study would be of

interest to researchers who work in the field of protein expression in microbial hosts.

iv



3T (Abstract)

3ol ear fAafr & Repifremc MR &1 didarar 8, duT AEHIead s Red 376
IdATE | UHE TRTEHGdl 8- gU § | 5. PIaiT 3O TRadT, I 3R I HIRHT 8@
R fIHRId 81 &t &fdl & RO Rpiffare UidA siftyaafad & o T Igae eke &l
g IR-TARHINIICS W 3R Bie UIeH & o faRiy &9 9 3ugad 8| Sudad amvil &
S1a9g, I Yo Uciaie! iRl o YRVl & foIE OofdM & =0 | S.dIah T SR
RR HH IS AR HH A T I=d g1 g1 A Al &, U BT JHERA
@l & U o ad [T o1l § iR 390 Aichd =Ul &I UT @+ & foll 35 O 4
TS B TIIHT gldl & 3R T8 fhR T g BT TRUT 3TH TR TR HH IS dTell il
21 39 iR §, 50 37 R adel & R a3 § S Ayddist 3 e § g
T Telaie! 32 & I ol g & T ST 81 el TuRIF-Ae BIfcgT
3R BN qd WIS 3MTUfaes Siia fagm-3+@ RS0 & Wry-a1y Hfehar Arug e,
g 3R WIS 31 g I 9 Ufshar 3rgee & Jafed fear T g

3T MY & Ud I ¥, SIeU TR R uRadH (@I SHar), GaqRiia &1 & Iq1y
Torgd 3R ufshar Aucs! (dg9) 3R WS Tigdl H scara ol fafte Jurifaar
fawRa &1 715 81 gTai®, B3 “TH AHR Tt & forw Iugad”  IoFHifa &) 81 o
31t SXHTA far S aTer EfPHIvr HF JoHH TR IR0 WA 7, e Tdl & ERM
dIIHH BH B 3. phio § Iaufded Ui Iared & gig g &t ga-T el 81 89
dIgA 3R IR FigdT o faftrsr ufhar Arucst & uvE o o aRd 8, 1Y &) ek
AR Trae 31ethl AR UCIaIa! Cha &1 9l s YaxiTa Sifiyaafad & U oA
& forg S wfers Sidt e daex ot 39 ATucs! & o uh ofd:fopan <t S § S8R
3P P & URUTHERT 3.BHIch BT STANT HRPb 30 + 3 e / ta Ceiarsl che
&1 Sifefad &1 ex fear T g

T €U G, TP # gA=iia EHalet ghs (TUsiTs) St §: Harerd SifHeafa I
MR W TH AU T & 9 # WHR fhar o g, S foxwar Fy
fYeafdd TR g1 3 IR W, Yarl & s.iat § gifed gaqsia WdF Iare & urd
IR & forg Refded Ascranfod® ardero ¥ WidH & diel siiaiefed aRwRye®
T 71 We Wifsar § WFEARd B & Ta Wi g1 81 897 Rivd tvsed god
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T: YAIoIsh YosHl & sffiafad &1 9gM & forg ufefesy & Iudi &1 ofd &1 g1 34
ufsfesy & gthade, el TRis SiR SifeiaTscy TfAa &, aiFl afadaTd U I 3R
OIS H 89 $.plel § G: Faioie IR IR thaex (IR IR thae 3ieh)
ARYP TEITS! THs DI Tel g3 AYATGT U B & ol e T 100, FebIoT 3R
TSR oY Tfefesy &t Wi R 1R Aigar & Iudi &t KUl wvd 81 fidey a1a
Tg § & g I ufsfesy &1 Suai o ¢ g3 Siftyeafad (1-3 T Ui | e3eld U
100 & 1Y FalfYHh SPaH TRome U gu, foay aRweniie sifieafad &t 3o & 3.2
T YR g3, IUT S oIl Yumell # AUH o RIS e O ad A J HigA
ITE! ¥ ITe F 59 Ao ) Hea@qul YiHe v gs |

fUza gue H Soich W oo™ & fewrd smdiigfesy & i & forg st wifa
T TS B 1 RN ST T AT TR AR tharex 3ol 3aRIY® Ueiara! ghg dI dgt
g3 Sffiafad & e @il W TIFHT HRAT Y11 AR R SWAE [$hT SH ard T7
muTia sfiyeafad e Ried &1 AT 10 39 I9d X7 I & T8 g1 891 o b
U2 1(S1E3) & AT 39 Jedidh [T U Red & o § gaRiia SR Ahie
ThacR e ARy UldIs! T o sifiaafad & @y 3 71 gfa gifd €1 8Re %,
I TMc T2 1(ST$3)* 3R T2 1 T3, 7 TARTaR & I=ad Ry iidH Iacsan
(SFHT: 3.5 AT 3R 3.2 TFAT) &1 ORH H

PIRBT & HidR Had T P FRRAT 3R B9 FfchaaT ol §9TT 354 & o, 9 ST |
H3 ol @ Te-AYAGT Pt T DI T5| THA ddek R D5 YHIC AT SET-31THT
TEEIfe® S 9T Thd THICR-SMYUTRG daer S WIfRTS & Ao & 5.@idt § J8-
wuidikd fear M difsd g Yot iR ASIRN thdex 3l faRIy® Udiaiat
THS DI gl B ofid DA & [T, §HA T & S B o S aTdl algx YHICR FHiur &I
I P SIHT-3{eHT WA Tl Tdhdl YA b WIS Al &b 1Y Fg-Fuiaid bl
E YT Al &l G- ali- & A1 Te-Sffierad foam man dt sifiyeafad Srpt 81 718 3R
Tob! ST Ue-3ifiaafdd & Ama § 1.7 T 91 g3 SHfieafaa <t TS| Sreqg gfar 8
fob gifesd U & FHM S A1 JU-3hIedl B Hg-3fHlRT Holad & HiaR fordt i
AR TARE TR & o1 gH: FAIod UicH &t ga-Riid sfiafad &l 9gH &
1T wep TfeTITel UMY TeH ARl B |
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S IR, IITH g I8 A § % ufthar srgey sdRufed & fHwadt
T T Y GG ¢ TohdT § R TR & §9 T W, fHHrRd SRRt
3IdTed & T §gd BrIcHS 81 Iohdl &, [a¥Y ®0 ¥ fo1 fordlt TeamsaiRae™ a1 3
URe-CIIaRMd d=NYd &1 g & URUMH 39 Meddish & fau Sfadx gl st
IS ifagd gie H Ui sifiaafad & &5 H S Hd & |
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