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ABSTRACT

Human serum albumin (HSA) is a 66.5 kDa plasma protein which has huge therapeutic demand due to
its use in restoration of body fluid and maintaining homeostasis in clinical emergencies, trauma, burn
injury, hypoproteinemia and hypoalbuminemia. The market demand of HSA is approximately 500
tonnes /yr which cannot be met through the fractionation of human blood. Besides, there is also fear of
contamination by viruses in the donated blood. Recombinant production of HSA has been attempted in
several expression platforms but large scale production in any one of these systems is limited due to
instability of the secreted protein. To overcome this challenge, a synthetic codon-optimized copy of
HSA, along with a codon optimized a-mating factor (MF) signal sequence was placed downstream of
the methanol utilizing alcohol oxidase AOX 1 promoter in pPICZoB vector and expressed in Pichia
pastoris X33 strain. Factors such as Codon Adaptation Index, homogeneous GC content, mMRNA
secondary structure formation, cryptic splice sites, alternative splicing, premature polyadenylation,
presence of restriction sites, custom motifs (e.g., presence of poly-a signals, GC islets) were considered
during optimization of the HSA encoding gene. Screening of transformants lead to identification of a
superior ‘producer’ clone # 52 which produced ~140 mg/L of extracellular protein, majority (>75%) of
which was the recombinant HSA. Temperature, initial cell inoculum and aeration in the induction phase
were found to affect protein production.

The cultivation conditions were optimized by Plackett-Burman methodology, where seven
parameters affecting extracellular protein production, were explored which were further narrowed down
to three (peptone concentration, temperature and methanol concentration during induction phase. These
were taken forward for Central Composite Design study and an optimized medium developed. This
designed medium was applied to single copy CO-HSA, 2-copy CO-HSA, 3-copy CO-HSA constructs
which lead to production of 140 mg/L, 389-460mg/L and 850-1000 mg/L respectively at 120 h post
methanol addition. Monitoring of transcript levels in these constructs indicated a gradual increase in
the level of HSA transcripts leading to increased production of extracellular HSA. This level of

production is highest reported till date in shake flasks. In an effort to enhance extracellular production



of HSA, a number of mutations were introduced in the a-MF secretory signal (mutations at Kex2P1
site, deletion mutagenesis of 57-70 amino acids of pro-secretory sequence, use of native a-MF) and
maximum extracellular protein level of 355 mg/L was obtained with the native a-MF sequence. Most
importantly, the application of optimized medium across all categories of mutants lead to stably
produced HSA which did not degrade as the time of fermentation increased. Different analytical
methods (HPLC, gel densitometry, Bradford assay) were used to conclude that while total extracellular
protein levels were lower (by about 15%), the proportion of biologically active HSA (through ELISA)
was higher (>75%) under optimized cultivation conditions. Functionality tests confirmed that the
recombinant HSA could effectively substitute for foetal bovine serum in allowing proliferation of Vero
cell lines in culture. Factors such as. Quality attributes of the purified HSA were investigated which
showed structural similarity (as measured by Circular dichroism study) with the commercial HSA.
Differential Light Scattering and Zeta potential established that the protein did not form aggregates.
To understand the physiological changes in the recombinant strain, when cultivated on optimized
medium, a detailed transcriptomic study was carried out to identify differentially up-regulated and
down-regulated genes. The genes, involved in methanol metabolism and fatty acid biosynthesis (MOX,
ACAAL, DAK2, ALDH), were up-regulated during cultivation in optimized medium and an increase
in channelization of nitrogen through glutamate synthase/glutamine synthetase (GOGAT/GS) was
observed. There was also transcriptional upregulation and fine tuning of the translational machinery,
mediated through ribosomes, spliceosomes with folding pathway. A downregulation of chaperones like
HRD, SYN1, Hsp90, regulating UPR/ERAD pathway, was observed, and, lastly activation of ABC
transporters, membrane proteins like Sec20, Sec23 MAPK signal transduction pathways was seen. This
indicated that the designed media conditions led to reduced ER stress and proper folding of the nascent
protein facilitating proper translocation and secretion of recombinant cargo protein. Transcriptome data
was validated through qPCR of significantly upregulated (MOX-HSA,GOGAT, Sec23, ALG13) and

downregulated genes (HRD, Hsp90, GDHA).



LS1RS

AT URHA TosgfAe (TITHT) U &€.1 .31, ColloHT WIEIT § foradhl R H el 9ard &
STl 3R e 3T FEufd, smerd, sten die, grsuidsNfaaT 3R asuTesafAataar 7
AU FI TATC W@l & HROT da1 AR ART 1 TATHAT T SR HAFT T oo
<l [ A § S AT T & 3i2Aehed & ATLTA § G 761 I ST Fhcll g1 $Hb 3lldl, &l
fohT 3T T&Fd & aIRRY @RT HWUT &7 37 T §| THUHT & Yol Fhlh 3cdlcel @ HS
JfATFT ColehAT F e FT GIE fhar 1T §, Afhed 76 & R T yomelr & 53
YA I 3cUleA i WélT T HERAT & FHROT AAT g1 $H Folldl HT IR A &
T, TavaT fi v FEA FSH-3RfAT IAfAT, Th P Hhiad o THET FRA
(THUW) flaeTel 3hd & W1 YAl & qg1d Al Nlihorsosh digeh H Hohleel JHiadsel
TITFH ¢ THACY BN 3UANET b o I@T I7 AT 3R AfRAT qraaiRy taFa33 dard &
IFd fohaT AT AT | RIS eJhold Faehich, TSI ST HAMET, THIRUAT ATEATAR
I 3151, Tohitesh sUTg TUe, dehfedeh ECcliiar, §HT @ Ygol SgUSHaoenie, Tt |rgel
T 3T, HEcH FUThaAl (I, Tlell-Ush Tohdl ol 39T, ST 3Mgelcd) S HRI &l
Iefhelel & SRIT A STl AT TITHT Teehlfsal Sfef il Siawiad i Bhfder & vw
SBR 'IISTET Feilel # bR I TgHT Blcll §, Sl fb ~ ¢80 THGI Tol / Tl ek el ol
3cUlesT id &, o ad & 3if¥hier (> us%) JoT: Thlsleh TIUHT AT| 9ROT TROT & AN,
URTAS el Fellcherd 3R aTcdel N IculesT T Jefdd Fel & T 9w 7|

Hatie &1 FEufd #1 Coldhe-aa{eT wRAYOTCT canT fefhfeid fhar a1, Sigl aed WéeT
3cUTesT I FHIAT adel aTel AT ATYGST S Wil $r a5 oY, St e & TROT & SR del
(YT UHEIET, dTTATT 3R AYATST THEAT) deh AT & 3T A| Sog hord THA 38T
A AR & AT & F ST AT AT| Tk IHejpfod Aegd AwfAd g3m 5q 3
fpT a0 FATETF T fHIA HIUT FI -UITHT, :-PIUT FHI-TATHT, 3-h1UT FHI-TITHT FECareT
W o] foham I, forEd 2¥o THSHT / Uel, 3¢R-8&o THSI / TS 3R ¢Yo-tooo THGIN / T I
3T gIdT § ShaAel: ¢0 T Ue AYATS JTAURUT & T 5 A0 & gfdem T v
TR @ TITaT TR # HiAS gefd o1 Tohd A1 § S 98T TITaT & 3cules # gefer
& T 3Eol &1 3cUcsT &7 I8 TR Ad Folldh & TS dob qad e aa/™r 1w gl
TAUaT & ST 3cUiGed Pl gl & IO, o-UHATH HATAT Hohd (FUFaUR dBC W
3caRkads, [Adiasl 3caRadsl) H &% IRAdd [hU AT W-Tshed! HFdd & Yo-bo TTH=AT
i8S, &2t o-THTE &7 39AET) 3R 398 THSN / TS &7 3&hdH aed Wi TR &1 aF
el o-THTS 31Tshd & AIY U fohar aram o1| Hal AgeaquT a1 I8 ¢ foh qaf Afort &
e & U fgapiad ACIH & 39N ¥ TICHT & 3cdleel doil & giar & it fo o g
ool & TTY-TTY gedr oTef ATl R_AfFea faeevoneas alel (Tadivad, sia 3fAeAd, sswis
W) & 39T Tg fAsehy fehrolel & fIw foham arr o7 foh STafeh ol STEg WIS &1 FX
R (ST 25%) T, Sk §9 & Aihay TaudT (Tferar & AETH @) T Ul Hefehiid
(>69%) & ¥R °T| Wt &1 [TAfT| FHrieraEar alieon 7 gfte &1 fh g ddies Tavae




TERTT & A el ATl & FAR AT HFATT S 7 0T STy ERA & v gomedl &9 4
TYAYes] Y Hehell &1 PR S| G TIATHT T IOTadT fIRAVAIST hr Sirer v 15 o,
S arfoifSas Tadv & A EXAACAS AT (ST 6 aua gdddrg 3ead«T garT Arar
) fe@mr T or| SRR ase TheRar 3R Sier R & Tifia fear fe o=
o HHTIY g S|

gel: FASTh defld A RIS IRadel i THs & e, 9 sepiod Aegd @ It Hi
St 8, @ JieR-ffFafAa ik sEa-ffaafaa s @ geae &@ & v e f&aeqa
TAThYCI S CTIA fohar a1 a1l AYATT gy iR her ufas aaaafdw (vasiva,
THITT ¢, 3Tk R, TASITE) H AMTAS Siieil T Iefehfeld AETHA H Wl & e afeafaa
forar arar a1 AR Toee AT / Te[erASA A (SIS / Sivd) | Aseiele 6
gefY g3 B ciafhoereTer 3ueeRre 3R gratherel Fefler’dy &1 alieh cgfeiar o oY, wifesar
g & FTY HAEIEAAT UG, EC@TH | TI3RET, THASU ¢, TIUgdr o S 9y &r
SEAAfS, IR / $3NES urgd & RAfFafAa sxdr g 30y, vl graarest $r sifas
Giehadr, Ao ST Beel WA, Ah3 AT RQedd it AT 3W@ T SEY Hohd
Frorar § 6 fBomea & a8 Afsar RRufaat o $3iR aaa & e v 3R dgera fida
$r 3fa dg 3R g wAeE el Gl & 3R neqae 3R e i glawr gee #
TafheeleTel 3eT & HIT HYISS  (HANUFH.-TIUHT, STSIUCT, Th3, TTAee3) 3R
331918 fhU T ST (TIIRE!, TATHUT Ro, SEITTT) & IR & HATEIH & AT fohar
T AT
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comparison (panel a and b, lane 10 and 9 respectively).

Screening of 3 copy-CO-HSA transformants in BMMY medium. About 20ul of
cell-free culture fitrate of Cl #s 2,3,5,6,7,8,9,10 (loaded in panel A, lanes 1-8),
11,12,13,14,15,17,20 (loaded in panel b, lanes 1-7),18,22,24,27,28,29,32
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Fig.4.16

(loaded in panel c, lanes 1-7) and 33(loaded in panel d, lane 3) was used. The
culture filtrate of 2-copy, 2c (panel a, lane 9 and panel b,c lane 8) served as a
control. Culture filtrate of a commercially available reference strain (Com) was
also chosen as a control (panel a, lane 10 and panel b,c, lane 9). Standard
HSA(S4) Alburel was also run in the experiments (panel d, lane 1 and 2
respectively).

Screening of Kex2Valine secretory signal-CO-HSA transformants in BMMY
medium. About 20ul of cell-free culture fitrate of Cl #s 1-8, (loaded in panel A,
lanes 3-10), 9,11,12,14,15,16(loaded in panel b, lanes 3-8) and
17,19,21,22,23,24 (loaded in panel c, lanes 2,4-8) was used. The culture filtrate
of 1-copy, 1c (panel ab, lane 2,1 and panel c, lane 1) served as a control.
Molecular weight markers are shown for comparison (panel ab and c, lane 1,2
and 3 respectively).

Screening of deletion mutagenesis(A57-A70)secretory — signal-CO-HSA
transformants in BMMY medium. About 20ul of cell-free culture fitrate of CI
#s1,2,3,5,21,22,23, (loaded in panel A, lanes 3-9), 24-31(loaded in panel b, lanes
3-10) and 32,33-38 (loaded in panel c, lanes 2,4-8) was used. The culture filtrate
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Molecular weight markers are shown for comparison (panel ab and c, lane 1,2
and 3 respectively).

Screening of native-secretory signal-CO-HSA transformants in BMMY
medium. About 20pl of cell-free culture fitrate of Cl #s 3-8 (loaded in panel A,
lanes 3-8), 9,10,12-16(loaded in panel b, lanes 3-9) and 17,19-24 (loaded in
panel c, lanes 2,4-9) was used. The culture filtrate of 1-copy, 1c (panel a,b, lane
2,1 and panel c, lane 1) served as a control. Molecular weight markers are shown
for comparison (panel ab and c, lane 1,2 and 3 respectively).

SDS-PAGE(a) and graph(b) showing the protein profile of the recombinants
under optimized media conditions. Lane 1 : Marker, lane 3 : HSA Control, lane
4 :1 copy HSA, Lane 5,6 : 2 copy HSA CI # 10, 14, Lane 7,8 : 3 copy HSA CI
# 2,33.Transcript levels (c) of the different recombinants compared to X33 are
shown.

Total extracellular protein production (A) and SDS-PAGE analysis (B) of the
culture filtrate obtained by cultivation of several 2-copy expression cassette
containing transformants. Lanes 1,3,5,7 show extracellular protein profile of
Cl#s 10,14, 22, 27 under optimized conditions and Lanes 2,4,6,8 show
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extracellular protein file of the same clones when cultivated on unoptimized
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HSA by Size exclusion chromatography.(FPLC-AKTA).
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