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Recombinant proteins

Recombinant DNA

- artificial DNA sequence created by combining two or more strands
of DNA

Recombinant proteins

- proteins obtained by introducing recombinant DNA into
heterologous host, where the expression of this DNA occurs



Taking advantage of recombinant proteins

Overexpression and purification of recombinant proteins are essential
prerequisite for

* biochemical characterization of protein function (determination of
kinetic parameters K, k., for enzymes with their substrates, K. for
enzymes with inhibitors and K for protein-protein or protein-ligand
interactions).

« analysis of protein structure (NMR, crystalography).
e protein engineering (improvement of protein quality — activity, stability).

e on an industrial scale there are produced drugs, vaccines and dietary
supplements.

The goal of recombinant technology:
High yield of homogeneous proteins (mg — kg of proteins)

Maintenance of biological activity of proteins



Why to produce recombinant proteins?

Natural source: -

Difficult to obtain (tissues, organs).

Difficult to cultivate (bacteria, virusses, tissue cultures).

Limited expression

In most cases tough purification of protein

TABLE 1.2. Examples of low-abundance proteins and peptides isolated from natural biological sources

Protein Source Yield (ug) Reference
Multipotential colony- pokeweed mitogen-stimulated 1 Cutler et al. (1985)
stimulating factor mouse spleen-cell-conditioned
medium (10 liters)
Human A33 antigen human colon cancer cell lines 25 Catimel et al. (1996)
(10" cells)
Platelet-derived growth human serum (200 liters) 180 Heldin et al. (1981)
factor (PDGF)
Granulocyte-colony- mouse lung-conditioned 40 Nicola et al. (1983)
stimulating growth medium (3 liters)
factor (G-CSF)
Granulocyte-macrophage mouse lung-conditioned 12 Burgess et al. (1986)
colony-stimulating growth medium (3 liters)
factor (GM-CSF)
Coelenterate morphogen sea anemone (200 kg) 20 Schaller and Bodenmuller (1981)
Peptide YY (PYY) porcine intestine (4000 kg) 600 Tatemoto (1982)
Tumor necrosis factor ( TNF) HL60 tissue culture medium 20 Wang and Creasy (1985)
(18 liters)
Murine transferrin receptor NS-1 myeloma cells (10'° cells) 20 van Driel et al. (1984)
Fibroblast growth factor (FGF) bovine brain (4 kg) i3 Gospodarowicz et al. (1984)
Transforming growth human placenta (8.8 kg) 47 Frolik etal. (1983)
factor-P3 ( TGF-f3)
Human interferon human leukocyte-conditioned 21 Rubinstein et al. (1979)
medium (10 liters)
Muscarinic acetylcholine porcine cerebrum (600 g) 6 Haga and Haga (1985)
receptor
)

j,-adrenergic receptor

rat liver (400 g)

Graziano et al. (1985)

Adapted, with permission, from Simpson and Nice ( 1989).



Scheme of recombinant protein technology
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Host organisms for recombinant protein
expression

Procaryotic expression systems (E.coli, Baccilus subtillis,...)
Yeasts (Sacharomyces cerevisiae, Pichia Pastoris)

Mammalia cells (human embryonic kidney cells- HEK, Chinese hamster ovary cells —
CHO)

Insect cells with baculovirusses

Expression in vitro — Cell free (lysates from rabbit reticulocyte, extracts from E.coli,
extracts from wheat germ)

Bacteria Yeast Insect Mammalian

Expression Expression Expression Expression
System System System System



Criteria for selection of expression host organism

_ Posttranslation modification

Expression N-glycosylation ~ O-glycosylation Phosphorylation Acetylation Acylation  Carboxylation
system

E.coli missing

Yeasts Highly 4 +* 4 4
mannosilated
glycans

Insect cells Simple, without + + + +
sialization

WIEV GBI I complex 4 +* 4 4 4
cells



Criteria for selection of expression host organism

Expression Budget for | Growth Level of Protein
system cultivation rate expression conformation
E. coli low high high Often_
refolding
needed
Yeasts low high Low/ high Sometimes
refolding
needed
Insect cells high low Low / high Mostly
correct
Mammalian high low Mostly low Mostly
cells correct




Number of entries in PDB

100%

80% -

60% -

40% -

20% -

0% -

PDB statistics

92%

E.coli

. 2.06% 1.03% 0.29%
RPEWN e ,
Insect Yeast Mammalian Cell Free

Organism used for expression

Data from 2014

https://www.rcsb.org/stats/distribution-expression-organism-gene



Production of heterologous proteins in E. coli

Advantages :

 High yield of recombinant proteins
* Well known genome and proteome -facilitation of gene manipulation

* Design of vectors facilitates cloning and expression of foreign
genes

* Rapid growth in an inexpensive medium

» Adaptalibity of system



Production of heterologous proteins in E. coli

Disadvantages:

« Requirement of cDNA of target protein

 Absence of eukaryotic posttranslation systems
(posttranslation modification)

* Formation of msoluble inclusion bodies
* Limited ability of disulfide bond formation

* Missing secretion mechanism for effective protein releasing
into the cultivation medium

» Different codon usage compared to higher eucaryotes

« Contamination of protein by lipopolysacharids (endotoxin)



Expression system for recombinant protein
production in E.coli

Host strain

Cultivation
conditions




Expression vector

= cloning vector containing necessary regulation sequences for
expression of foreign gene inserts

pET-32a(+) sequence landmarks ;\r\g :{158)
T7 promoter 764-780 Eag |((11555°|)
T7 transcription start 763 nior::”l?[??s)
Trx*Tag coding sequence  366-692 gal “l1 79)
His*Tag coding sequence ~ 327-344 Bpu1102 lis0) E::R"I‘;iogn
SeTag coding sequence 249-293 Eg;nRHVt(;a:lj
Multiple cloning sites i Nco I{212)
(Neo I - Xhol) 158-217 | Bal ll241)
His*Tag coding sequence  140-157 Dra llis658) , [ KPG‘L‘::’

TT7 terminator 26-72 . Msc l(351)

lacI coding sequence 1171-2250 Resr li(589)
pBR322 origin 3684  Xba I729)
bla coding sequence 4445-5302 SqrA I(840)
1 origin 5434-5880 Sca lig95)

Sph l996)

Pvu li4s8s5)
_— EcoN l(1058)

The maps for pET-32b(+) and pET-32c(+)
are the same as pET-32a(+) (shown) with /
the following .exceptmns: pET-32b(+) is a. Bsa ls76) -] /%
5899bp plasmid; subtract 1bp from each site |

Pst li4760)
\ ApaB I(1205)

A\

Eam1105 14357 |
1]

beyond BamH 1 at 198. pET-32¢c(+) isa D ||| M 521y
5901bp plasmid; add 1bp to each site \ pE;rQ-32a(+) -% \I (\Bcl I(1535)
beyond BamH 1 at 198 except for EcoR V, \ {99006p) ey -f/

\ ~ /

which cuts at 209.

AlwN l(4038)
BssH ll(1932)

Hpa li2027)

BspLU11 I(3522)
Sap I(3506)
Bst1107 I(3303) =
Tth111 I3367) / \Psp5 ll2628)
BspG l(3148) /

_EE'_“."“".._’.’_» lac operator Xbal

ATARCAATTCCCCTCTAGRAATAA GTTTAAC

thrombin

et i e ey Kinase
PET-32a(+) A enterol
ol bl HissTag

Ncol  EcoRV BamH| EcoR| Sacl Sall HindIll _Not

PET-32b(+

A pET-32¢(+

 ——————
7 Iermlnatc:r primer #69337—:! N
PET-32a-c(+) cloning/expression region




Expression vector configuration

PET-32a(+) seq Ava l(158)
T7 promoter 764-780 é!,‘g f{}é’g,’
T7 transcription start 763 Not liee)
Hind lll(173) H H
Trx*Tag coding sequence  366-692 Sal l(179) 0 C I o n I n g s Ites
His*Tag coding sequence  327-344 Bpu1102 I(80), g:gg]g:)g'zp
. i i BamH li198)
S*Tag coding sequence 249-293 ’ EcoR V(206)
Multiple cloning sites ‘ Neo I(212)
(Neo1- Xhol) 158-217
His*Tag coding sequence  140-157 Dra lI(5658) ‘ Nsp V(268)
T7 terminator 26-72 /\k-f_-;'* S c l(351)
" - ——
IJCIcodmg. s.equs-uce 1171-2250 : \5434—5889) Rsr lI(589)
BR322 origin 3684 Ao\
p 8 o9
bla coding sequence 4445-5302 SqrA I(840)
f1 origin 5434-5889 Sea
Puuliy Sph I(996) G f . b . .
The maps for pET-32b(+) and pET-32¢ (+) i \_,\MJ_> ene 1or a ntl IOtI C
are the same as pET-32a(+) (shown) with "\ ApaB 1(1205) H
the following exceptions: pET-32b(+) is a B \. “a‘ res I Sta n ce
5899bp plasmid; subtract 1bp from each site e \ | = mgm
E
beyond BamH I at 198. pET-32c(+) is a Eami105 4430y | ) “ I | Miu lc1521) (am plCl I I n)
5901bp plasmid; add 1bp to each site | PET‘323(+) ey
7 / \ (5900bp) = |/ Bdl li1535)
beyond BamH I at 198 except for EcoR V, \ =/
which cuts at 209. \ ' |/ } BStE 702
\ ,Q‘J Bmg 1(1730)
\ 7
AN 14038) \Lg; Apa 1(1732)
% b Wi pe rator -
promoter %, roa) - ite f
g Binding site for repressor
BspLU11 1(3622)
Sap 1(3506) PshA I(2366)
Bst1107 1(3393) __—
T . j{r“ - - Psp5 112628)
BspG l(3148) /
T7 promoter = = = =
—_— lac operator _Xbal rbs . b b d
AATACGACTCACTATACRGCAAT TG CAGCCGATAACAATTCHCCTC TAGAAATAAT T TTGTTTAACTTTAAGAAGGAGR » RI Osome' In Ing Slte
Trx*Tag

ATGH

Met lsGluThrAloAl cAlalysP

Neol

EcoRV BamH | EcoR | Sacl

Fusion/purification

Iy

~TGCTAA PET-32b(+

tags

e e
AT terminator primer #6933?1% i
pET-32a-c(+) cloning/expression region

ey TYRCHDECELALTCEARC ACCACCACEACC AT AC TAAGNTCCU GE TRk AN PET-32i(e)
sAcoAlcProSe R —— P . .
i T T DT > | ranscrlptlon
rpleuLeuProProlLeuSer AsnAshEnc

terminator




Expression vector configuration

PET-32a(+) seq landmark

T7 promoter 764-780
T7 transcription start 763
Trx*Tag coding sequence  366-692
His*Tag coding sequence  327-344
S+Tag coding sequence 249-293
Multiple cloning sites

(Nco1- Xhol) 158-217
His*Tag coding sequence  140-157
T7 terminator 26-72
lacI coding sequence 1171-2250

pBR322 origin 3684

bla coding sequence 4445-5302
f1 origin 5434-5889

The maps for pET-32b(+) and pET-32c(+)
are the same as pET-32a(+) (shown) with
the following exceptions: pET-32b(+) isa
5899bp plasmid; subtract 1bp from each site

Bgl ll241)
Kpn l(238)
Nsp V(268)
Msc l(351)

Rsr ll589)
Xba 1729)
SqrA l840)

Sph I(996)
EcoN l(1056)

Sca (4995)
Pvu l(488s)

Pst li4760)

ApaB l(1205)

Bsa (4576)
Eam1105 (4357

beyond BamH I at 198. pET-32c(+) isa 4 E
7 ; T ET'32a(+) -1 I Miu li1521)
5901bp plasmid; add 1bp to each site \ P 50000 = Bel l1535)
beyond BamH I at 198 except for EcoR V, ( P) oy
~
which cuts at 209. ~ /[ }BstE llu702)
1
AlwN 1i4038) S 72
Q.. BssH 11(1932)
s
promoter % Hpal
%
BspLU11 1(3622)
Sap 1(3506) PshA I236)
Bst1107 I(3393)
Ti ] Psp5 ll(2628)
BspG 1(3148)
MP lac operator Xbal tbs
TAATACCACTCACTATACRGCAATICTCACCGEATAACAATTCHCCTC TAGAAATAAT TTTGT TTAACT TTAAGAAGGAGA
Trxe His'Tﬂ
TATACATATGAGC 315bp CTGGCCGGT ATATGCACCATCATCATCATCATTC
MetSer 105aa LeuAlaG
CCTATGARAGARACCGC C
GlyMetlysGluThraAloAlcAlalysPheGluArgGinHisMetAspSerPro
pET-32a(+) Eag|
EcoRV BamH | EcoR| Sacl Sall _ Hind Il _Notl
GGC TGA c CCGTCGACAAGE GCACCACCACCACCACCACTGAGATCCGGCTGCTAA
tAlaAspl euArgArgGinAlc ArgAlaProProProProProlLeuArgSerG|yCysEnd
TTGCGGCCGC AGCACCACCACCACCACCACTGAGATCCGGCTGCTAA  pET-32b(+

euAlodlodlal sHisHisHisHI sEnd

T7 terminator

CARAGCCC
LysProl

GAGTTG

CTAGCATAACCCCTTGGGGCCTCTAAACGGGTCT TGAGGGGT T1G
snAsnEnd
e ——
7 terminator primer #69337{? i
pET-32a-c(+) cloning/expression region

Operator -
Binding site for repressor



Promoter characteristics:
e Strong promoter (ptac, ptrp, ApL, pT,)

Target protein should result in accumulation of protein making up 10-30 % and
more of the total cellular protein.

* [Easily transferable to various E.coli strains
* Simple and cost effective induction
- Thermal induction (ApL)

- Chemical induction (ptac, ptrp, pT7): IPTG (1sopropyl--D-
thiogalactopyranosid)

e It should exhibit minimal level of basal expression

Large-scale gene expression preferably employs cell growth to high density and
minimal promoter activity, followed by induction of the promoter. The tight
regulation of a promoter is necessary for the production of proteins which may
be detrimental to the host cell.



Expression vector configuration

PET-32a(+) seq landmark

T7 promoter 764-780
T7 transcription start 763
Trx*Tag coding sequence  366-692
His*Tag coding sequence  327-344
S+Tag coding sequence 249-293
Multiple cloning sites

(Nco1- Xhol) 158-217
His*Tag coding sequence  140-157
T7 terminator 26-72

lacI coding sequence 1171-2250
pBR322 origin 3684

bla coding sequence 4445-5302
f1 origin 5434-5889

The maps for pET-32b(+) and pET-32c(+)
are the same as pET-32a(+) (shown) with
the following exceptions: pET-32b(+) isa
5899bp plasmid; subtract 1bp from each site
beyond BamH I at 198. pET-32c(+) isa
5901bp plasmid; add 1bp to each site
beyond BamH I at 198 except for EcoR V,
which cuts at 209.

Bgl ll241)

Kpn l(238)
Nsp V(268)

Msc l(351)

Rsr ll589)
Xba 1729)
SqrA l840)

Sph I(996)
EcoN l(1056)

Sca (4995)
Pvu l(488s)

Pst I(4760)
ApaB l(1205)
Bsa (4576)
Eam1105 (4357 L.] _
D
\ pET-32a(+) 3 “kMIu Ii1s21)
(5900bp) :;/ Bel I(1535)
3

BstE ll(1702)
Bmg 1(1730)
Apa l(1732)

BssH 11(1932)

AlwN 1(4038)
Hpa l(2027)

BspLU11 1(3622)
Sap 1(3506)
Bst1107 I(3393)

PshA I(2366)

T7 promoter

TEEEE—

TATACATATGAGC 315bp
MetSer 105aa

TAATACGACTCACTATAGGGGAAT

Trx -TE

Tth111 1(3367) Psp5 l1(2628)
BspG 1(3148)
lac operator Xbal rbs
TGTGAGCGGATAACAAT TCCCCTCTAGAAATAATTTTGTTTAACT TTAQGAAGGAG
Hisng

CTGGCCGGT ATATGCACCATCATCATCATCATT

LeuAlaG

pET-32a(+)

GGCTGA c

tAlahAspl

EcoRV BamH | EcoR | Sacl

UArgGInHi sMetAspSerPro
Eagl
Sall  Hindlll  Notl
CCGTCGACAAGE
euArgArgGinAlc

ACTGAGATCCGGCTGCTAA
LeuArgSerG|yCysEnd

GCACCACCACCACCAC
ArgAlaProProProProP

PET-32b(+

AGCACCACCACCACCACCACTGAGATCCEGCTGCTAA
sHisHisHIsHIsEnd
CACTGAGATCCGGCTGCTAA pET-32¢(+]
“TheGiyuliadeol aul auThe

CTTGCGGLCGL
euvAladAl oAl ol

CARAGCCC
LysProl

GAGTTG

T7 terminator

» Ribosome-binding site

» Transcription

AGCATAACCCCTTOGGECCTCTAAACGGGTCTTGAGGGET
-ED End
" T7 terminalor primer #69337-3 ]
pET-32a-c(+) cloning/expression region

terminator



Expression vector configuration

RBS
’;ing sequenc 1T Tet Ori

/ \

STOP codon
UAAU
UGA
UAG

R
el
Lzze]

{ P

TTGACA (N){7 TATAAT

START codon
mRNA &' UAAGGAGG (N)g IAUG (91%)

16SRNA 3 [AUUCCUCC GUG (8%)

UUG (1%)

Ribosome-binding site consists of the Shine-Dalgarno (SD) sequence and

the translational start codon

Length between SD sequence and start codon is 4-13 nucleotides. These length influences effectivity of
translation initiation (optimal length is 4-8 nucleotides), high content of AT base pairs .

Transcription terminator T, term, rrnT1,T2
(preclusion of promoter occlusion, improvement of mRNA stability)



Expression system for
recombinant protein production
in E.coli

Vector

Cultivation
condition



roduction of recombinant protein in BL21(DE3) E. coli

host strain




Toxicity of recombinant protein to the host strain

* Toxicity to the host strain 1s not limited to foreign genes but may
also result from the overproduction of the specific native genes.

Proteins that are lethal for the host:

* Recombinant proteins containing hydrophobic regions are toxic for
the cells because they associate with the membranes or incorporate
to the membrane system of the cell and disturb membrane potential.

 Proteins inactivating ribosomes.



Selection of E.coli host strain considering
problem with protein toxicity to the host

* Toxicity to the host strain 1s not limited to foreign
genes but may also result from the overproduction of
the specific native genes.

* Tight regulation of the expression system

Bacterial strains with various level of the expression regulation are commercially
available.

BL21(DE3)

BL21(DE3)pLysS




Different level of expression system regulation

v BL21(DE3)
BL21(DE3)pLysS/E
BL21

( IPTG Induction
E. coli RNA *

polymerase

T7 gene 1

= | +

| | laco |
|

|

lac promoter

\_

E. coli genome

T7 RNA polymerase

hVd
\ INACTIVE /

IPTG Induct ia
T7 RNA *

polymerase

? Target gene
|

|
lac o

\eromoter /
ﬁ

App. 10 % level of basal expression (before induction of expression) of

certain gene.



Different level of expression system regulation

[ IPTG Induction IPTG Induct ia

E.coli RNA v T7 RNA *
[J[Z]|_\,‘FT]|€E‘-I'&]H(Z} polym‘erase
BL2 1 (DE3) 0 grne 1 T7 RNA plemerase ? Targe|t gene
v v
A iy g L S _ i
/BLZ 1 (DE3)pLyS S/E : Y}romotor / S— : \?pn:]mot[;\.r /
| g |
—8 N v —8
BL21
repressor * repn'essor
|
| ! |
lac| ge @ lac | gene —
T7 lysosyme
|
T
T7 lysozyme —y
gene

\ E. coli genome )

 pLysS and pLysE plasmids enabling tight regulation of expression system using T7
promoter. These plasmids harbor gene coding for lysozyme. Lysozyme inactivate T7
RNA polymerase to reduce basal expression.

App. 1-3 % level of basal expression (before induction of expression) of
certain gene.



Different level of expression system regulation

( IPTG Induction

E. coli RNA
polymerase

T7 RNA polymerase

IPTG Induct ia
T7 RNA *

polymerase

p Target gene
|

BL21(DE3) ( R T e
l \II\JFA_(IITI‘-..-"E l \ /
BL21(DE3)pLysS/E & &
/BLZ 1 l’epl’aTgSOl' reprTegsor
| |
lacl gene— lac | gene —

E. coli genome

¢

psyme

| \
|
lysozyme —%

gene

* Induction of expression by CEG bacteriophage infection (gene for T7

RNA polymerase)

The highest level of repression!!



E. Coli codon usage

 Genes in both prokaryotes and eukaryotes show a nonrandom usage of synonymous

codons.

*  Codons that are rarely used by E. coli may occur in heterologous genes originating

from eukaryotes, archebacteria.

* The frequency of use of synonymous codons usually reflects the abundance of their

cognate tRNAs.

Escherichia coli K12 [gbbct]: 14 CDS's (5122 codons)

fields: [triplet] [frequency: per thousand] ([number])

UUU 19.7( 101) UCU 5.7( 29) UAU 16.8( 86)
UUC 15.0¢( 77) UCC  5.5( 28) UAC 14.6( 75)
UUA 15.2( 78) UCA 7.8( 40) UAA 1.8( 9)
UUG 11.9( 61) UCG 8.0(¢ 41) UAG 0.0( 0)
CUU 11.9( 61) CCU 8.4( 43) CAU 15.8( 81)
CUC 10.5( 54) CCC 6.4(¢ 33) CAC 13.1( 67)
CUA 5.3( 27) CCA 6.6( 34) CAA 12.1( 62)
CUG 46.9( 240) CCG 26.7( 137) CAG 27.7( 142)
IAUU 30.5( 156) ACU 8.0( 41) AAU 21.9( 112) AGU 7.2( 37)
IAUC 18.2( 93) ACC 22.8( 117) AAC 24.4( 125) AGC 16.6( 85)
IAUA 3.7 ( 19) ACA 6.4( 33) AAA 33.2( 170)| AGA 1.4( 7)
IAUG 24.8 ( 127) ACG 11.5¢( 59) AAG 12.1( 62)L_A 0 8)
GUU 16.8 ( 86) GCU 10.7( 55) GAU 37.9( 194) GGU 21.3( 109)
GUC 11.7( 60) GCC 31.6( 162) GAC 20.5( 105) GGC 33.4( 171)
GUA 11.5( 59) GCA 21.1( 108) GAA 43.7( 224) GGA 9.2( 47)
GUG 26.4 ( 135) GCG 38.5( 197) GAG 18.4( 94) GGG 8.6( 44)

Coding GC 52.35% 1st letter GC 60.82% 2nd letter GC 40.61% 3rd letter GC 55.62%

L

\Urabidopsis thaliana [gbpln]: 80395 CDS's (31098475 codons)

fields: [triplet] [frequency: per thousand] ([number])

UUU
(UuC
(UUA
UUG

CUU
CUC
CUA
CUG

IAUU
IAUC
IAUA
IAUG

GUU
GUC
GUA
GUG

21.8(
LT
7(
9(

20

12.
20.

24.
16.
9.
9.

21.5
.5
6
5

18

12.
24.

27.2
.8
9
4

12

9.
17.

678320
642407
394867

)
)
)
649150)

)
)
)
)

668227
576287
391867

(
(
(
(762852

)
)
)
)

847061
397008
308605

(
(
(
(539873

)
)
)
)

UCuU
ucc
UCA
UcCG

CCU
ccc
CCA
CCG

ACU
ACC
ACA
ACG

GCU
GCC
GCA
GCG

25.
11.
18.

9.

18.7
.3
1
6

5

16.
8.

17.5(
.3(321640
7(
7

10

15.
7.

28.3
.3
5
0

10

17.
9.

782818
348173
568570

(
(
(
(290158

2 )
2 )
3 )
3 )

580962
165252
502101

(
(
(
(268115

)
)
)
)

544807

)

)
487161)
240652)
880808
321500
543180

(
(
(
(280804

)
)
)
)

UAU
UAC
UAA
UAG

CAU
CAC
CAA
CAG

AAU
AAC
AAA
AAG

GAU
GAC
GAA
GAG

14
13

0.
0.

13.

8

19.
15.

22.

20

30.
32.

36.
17.
34.
32.

455089
427132
29405

.6
.7
9
5( 16417

( )
( )
( )
( )

428694
271155
604800

8 (
L7
4 (
2(473809

)
)
)
)

3(693344)
.9(650826)
8 (957374)
7(1016176)

1139637)
535668)
1068012)

(
(
(
(1002594)

6
2
3
2

UGU 10.5(327640)
UGC 7.2(222769)
UGA 1.2( 36260)
UGG 12.5(388049)
CGU 9.0(280392)
CGC 3.8(117543)
CGA 6.3(195736)
CGG 4.9(151572)

AGU 14.0(435738)
AGC 11.3(352568)

[hcc 11,0 (faosz:
AGG 11.0(B40922)
GGU 22.2(689891)

GGC 9.2(284681)

GGA 24.2(751489)
GGG 10.2(316620)

Coding GC 44.59% st letter GC 50.84% 2nd letter GC 40.54% 3rd letter GC 42.38%

http://www.kazusa.or.ip/codon/




Low-usage codons in E. coli

Codon(s) Amino acid

AGA, AGG, CGA, CGGnrrrerrerrsssssssssssissssssissssmmssmssssssniennens Arg
W23 ] & OO Cys
GGA, GGG Gly
1 T —— lle

17 T ] Leu
CCC, CCU, CCALsmmssssmsssmsssssssssssssssssssssssssssssssssssssssenss Pro
L BULLTER T LIEEe s Ser
L N Thr

Makrides, 1996

Expression of low-usage codons containing heterologous genes leads to the translation
errors!

* Premature termination of translation (truncated product)
* Open reading frame shift (shift by two amino acids in AGA codon position)

* Change of amino acid — often arginine (AGA codon) for lysine



Selection of E.coli host strain considering
problems with low usage codons

» Comercially available strains that produce tRNA of low usage codons.

Plasmids complementing tRNA.

s 2

argl! ('% i \
[ W
*BL21 (DE3) | \AGG/AGA (arginine,R), AUA ax B ®
CodonPlus-RIL | (jsoleucine, T) and CUA (leucine, L) | I \ -Ill
“BL21 (DE3) | *AGG/AGA (arginine, R) and CCC N
CodonPlus-RP | (proline, P) R
*AGG/AGA (arginine, R), CGG e -
*Rosetta or (arginine, R), AUA (isoleucine, I) . T\’\ ' ?f
Rosetta (DE3) | CUA (leucine, L)CCC (proline), and IR &
GGA (glycine, G) . ]
- o #
gl iy
O

OR: Site directed mutagenesis of low usage codons



Protein degradation

E.Coli proteolytic system includes a large number of proteases that are

localized mainly in the cytoplasm, but also in the periplasm, and the inner and
outer membranes.

* In- complete polypeptides

* Proteins with amino acid substitutions

« excessively synthesized subunits of multimeric complexes
* Proteins damaged through oxidation or free radical attack

 Foreign, recombinant proteins (proteins < 10 kDa are problematic)



Selection of E.coli host strain considering
proteolysis of recombinant protein

Protease-deficient host strains

e Mutation eliminating production of proteases and thereby
proteolytic degradation of recombinant proteins.

BL21 expression strain deficient in:
lon cytoplasmatic protease
ompT periplasmatic protease



Targeted protein expression

Nucleoid

Cell wall Cytoplasmic membrane




Cytoplasmatic expression
* mostly used

Advantages

* High protein yield

« Simplier plasmid constructs
* Inclusion bodies
Disadvantages

* Inclusion bodies

» Reducing enviroment

* Proteolysis

« More complex purification



Inclusion bodies

« Insoluble protein aggregates (up to 2um? consisted of native protein of limited
solubility, of the unfolded state and partially folded intermediate state of protein.

What causes their formation?

1. Microenvironment of E.coli may differ from that of original source in terms of
redox potential (reducing environment in E.coli cytoplasm), pH, osmolarity, absence of
chaperones, cofactors, lack of post-translational modifications.

2. High level of expression

Hydrophobic stretches in the nascent polypeptide are present at high concentrations and

associate intramolecularly.

AGGREGATES Normal E. coli cells (left) can become filled with inclusion bodies

Soluble pI‘O'[GlIl Il’lCIU.SIOIl bOdleS_ lnsoluble pI’Otell’l (right, large dark spots) when induced to overexpress recombinant protein.




Inclusion bodies

Advantages
* Easy isolation in high purity and concentration
 Protease protection

 Advantage for lethal protein

Disadvantages
* Protein insolubility
» Refolding to recover protein activity

» Refolded protein may not recover its biological activity

* Reduction of final yield



E.Coli
expression

\

Inclusion bodies

Inclusion bodies

Soluble protein refolding

Isolation followed by

A A
v 0
e
.‘-
S

" » .

/ Soluble protein

Modification of expression
conditions

<

E.g.

» Lowering of cultivation temperature
 Co-production of chaperones

» Using of solubility enhancing tags (thioredoxin)

* Selection of E.coli strain — e.g. thioredoxin reductase deficient
strain




Selection of E.coli host strain considering problems Wlth

insolubility

* [f the protein contains one or more disulfide bonds, lding

1S
stimulated in oxidizing environment in cytoplasm, that is provided by
following E.coli strains.

AD494 e Mutation in gen for pro thioredoxinreductase
(trxB)
Origami « Two mutation in gen for thioredoxin reductase

(trxB) and glutathionreductase (gor)




Periplasmatic expression
* Periplasm contains only 4% of all cellular proteins (app. 100 proteins)
» Transmembrane transport is mediated by N-terminal signal peptide

* Prokaryotic signal peptides succesfully used in in £.coli (ompA, ompT from
E.coli, protein A from S. Aureus, endoglukanase z B.subtilis)

Advantages

 Simplier purification

 Limited proteolysis

* Improving disulfid bond formation/folding
Disadvantages

» Signal peptide does not always provide transport do
periplasm

 Formation of inclusion bodies



Extracelular expression

* Protein secretion into a cultivation medium

*Effective transport through outer membrane 1s missing in E.coli (E.coli
naturaly secretes limited number of proteins).

» The manipulation with transport ways enabling protein secretion is still
unsuccesfull.

Advantages

e Minimal contamination by other protein (simplier
purification)

» Limited proteolysis
 Folding improvement
Disadvantages

e very low secretion

* highly diluted protein



Expression system for recombinant protein
production in E.coli

Vector Host strain

Cultivation
conditions



Modification of cultivation conditions

Possibilities for protein solubility enhancement:
* High cell culture optical density

* Medium composition (pH, addition of specific substrates and
cofactors, type of cultivation medium — reach and minimal)

» Temperature optimization for induction of expression.
 Concentration of inducing agent

 Length of induction



Experimental setup for protein expression and solubility trials

Overnight culture in LB medium, 3 mL

Inoculate 800 pL into each flask containing 20 mL of TB medium.

Agitate at 37 °C until ODgyq = 0.6-0.8.
pH 6 pH7 pH8

Sample 1 mL of non-induced culture from each flask,
spin down, remove the supernatant and store the pellet at -20 °C.
Induce protein expression with IPTG (20 uL of 1 M IPTG).

l Split the content of each flask into 4 bacterial tubes (4 mL
per tube) and grow them at different temperatures/times.

pH pH pH pH
6 7 8 6 7 8 6 7 8 6 7 8
18 °C 22°C 28°C 37 °C
overnight overnight l overnight 3h

Sample 1 mL from each tube and place separately in TissueLyser adapter according to the scheme in Table 2.
Centrifuge at 3220 x g at 4 °C for 2 minutes, remove supernatant with aspirator.

A. Smitkowska et al, 2020



Example results from expression and solubility test

b
Strain 1 Strain 2

d
Strain 1
28 29 30 28 29 30

Mw
(kDa) NI6 28 29 30 T29 31 3233 T32 34 3536 T35

90 -
72 -~
90

A

43
A A
Strain 2

Mw

(kDa) N6 28 29 30 T29 31 32 33 T32 34 35 36 T35
05 we

72 -
55 <
43| =

d —— =

A A
E. coli ER2566, TB medium pH 6.0, 3 h induction at 37°C, lysis buffer: MES pH 6.0 (28) or
Tris—HCI pH 7.5 (29)

A. Smitkowska et al, 2020



Evaluation of cultivation temperature optimisation

Production of AHP proteins in soluble form (in %)

AHP1 | AHP2 | AHP3 | AHP4 | AHPS | AHPG

t(°C)
growth/induction

8% | 85% | 100% 0 76 % 0
37°C/28°C

37°C/22°C 82% | 73 % | 100% 0 81% | 51 %

22°C/[22°C 1% | 78% | 100% | 30% | 81 % | 73 %




Production of heterologous proteins in yeasts

ADVANTAGES :

* casy gene manipulations

« fast growth into the high densities (fermentor), low price
e ability to posttranslationaly modify expressed protein

e ability of extracellular secretion of produced protein

e ability to produce protein with proper conformation

e expressed protein without contamination by endotoxines

DISADVANTAGES:

* using type of N-oligosacharides structurally different from mammals

* hyperglycosylation



Yeast expression system— Sacharomyces cerevisiae
- Pichia pastoris

Sacharomyces cerevisiae —first yeasts used for recombinant protein production

P. pastoris — most used yeasts expression system

- P. pastoris - ability to grow to high densities (S. cerevisiae produce high amount
of secondary metabolites, which limit to reach high density of the yeast culture)

A Pichia pastoris

- P. pastoris use different type of N-glycosylation

I
&)
. . L P2
compared to S. cerevisiae: . ? ,,zg .
glycans contains 8-17 mannose molecules (linked © ¢ ¢ $ "o =
by a 1,2 bond) in P. Pastoris . —
O-linked N-linked
glycans glycans
Glycans contain 50-150 mannose molecules (so B PR

called hyperglycosylation, terminal mannoses linked
by a 1,3 bond ) in S. cerevisiae E ::Eg

AN AN AN A AR

.
O-linked
glycans

N-linked
glycans



(5780) PAFL - Tth1111

Vector configuration for expression in P. pastoris

Promotors:
(7848) Aatll Alel (76) IndUCible
(7846) Zral Fcoh3kl (206) .
S Promotor of alcohol oxidase 1 (AOX1) gene -
R RYGE, B strong a strictly regulated

handil, i -1s fully suppressed when growing on glucose or
Psil (1144) . .
o xglycerol and strongly induced When growing on

EcoRt (1222) methanol as the carbon source itself

Avrll (1228)

Y 7 =20-30% of total intracellular protein
want o Constitutive
Promotor of glyceraldehyde-3 — phosphate

(60333 AfILIT - Peil

Xbal (2032)
(5917) BspQl - Sapl Bsu36l (2088)
\’!ymi:‘;,a;‘:rI;}-“E:(II(;II Hpel i) dehydrogenase (GAP) gene

-constitutively expressed, and is most induced
when growing on glucose

Selection markers: auxotrophic HIS4
Complementation of auxotrophic mutation of

(4783) Sphl
(4627 Sall (3177) h d
‘%i(;)t‘g?r:zel Stul (3262) lstl mn
(4618) NgoMIV Dralll (3624) S 1 . .
(4483) BfuAl - BspMI Ncol (3632) = e eCthIl ln yeaSt

(4298} BsrGl Bspll (3844)

Antibiotic resistance

- transformation is performed Ampicillin — selection in bacteria

using integrating vectors (plasmids Secretion signals

replicating after integration into PHO1 (acid phosphatase) z P. pastoris

the chromosome) a-mating factor (a-MF) z S. cerevisiae
SUC2 (invertase) z S. cerevisiae



Recombinant protein expression in Pichia pastoris

Not| digestion
Transformation of yeast

Gene cloning into a vector, selection
of construct in E.coli, isolation of
DNA construct

|

Construct linearisation

[MCS [T a0
A
l argt, his3, or lyst
. arg1 argi
Transformation of competent P, s ﬂ, his3 05
. _lyst ys
pastoris
* nsertion :

|

Selection of transformants

- - 3\
' |}
1 ‘ | .\.
\ Ll ey iy )\
% ENY L \
s gl ¢ ti =¥ S
B ¥ %
New Schentfic

—  RPH_125

. . o ®
Recombinant protein expression - = 2

us—r—




Protein secretion in yeasts

* Expression in yeasts can be intracellular or extracellular (secretion)

The secretory pathway is very similar to
Secreted .
C00~ protein that of higher eukaryotes

The N-terminal peptide for
cotranslational translocation into the ER
is cleaved by a signal peptidase.

Examples of signal sequences: Pho3,
Suc?2 and a-factor

Secretion by a-factor
The protein is expressed in the nucleus

together with the signal peptide - a-MF
Ty (a-mating factor) domain.
Nucl NH2 1. The signal peptide in the a-MF domain
i < — ___ Nuclaus directs the protein to the ER, where it is
) -~ B — cleaved by a signal peptidase.
C"E) 2.The fusion protein is transported to the
g

Golgi apparatus, where the Kex protease
cleaves the remainder of the a-MF
domain and the protein is secreted into
the medium.

Kluyveromyces lactis



Differences in glycosylation

L X ] ER (b) ER

High mannose content is S rassss
immunogenic to humans.

Golgh tuman)
P. pastoris (e.g. strain SuperMan5 ( sifin N
and others) with a uniform human §: - o
N-glycosylation method were ol | o
developed for the production of g"'::
therapeutic proteins. "" e
Additional enzymes: mannosidase I “"gﬂ g o §--::
and II, galactose transferase, N- M.u': o= m “ﬂm.
acetylglucosamines and sialic acid _l}_::: | :§ el |
Expanding use of P. pastoris, eg. ﬂ.... g‘"::::

for antibody expression. ey

ot Prnbonloiss o Bl oAadiri Al



ADVANTAGES:

Production of heterologous proteins in insect cells

(insect cells with baculoviruses)

Ensuring the native conformation of the protein
Posttranslational modifications
There is no contamination of the final product with endotoxins

Protein secretion

DISADVANTAGES:

Negative effect of baculovirus infection on cell viability

Heterologous genes are not produced continuously (each expression
requires a new infection of cells with baculovirus)

A method of glycosylation different from mammalian cells

Lower yield, more time consuming, expensive media, harder to handle
(risk of contamination)



What is baculovirus?

enveloped, ds DNA virus with
rod-shaped capsid

during the life cycle there are
two different forms of "budding
virus" and encapsulated virus
highly species specific - infect
only invertebrates

the most common hosts are
immature larval forms of
insects

AcMNPYV virus (Autographa
californica multiple nuclear
polyhedrosis virus) is one of the
most studied and used
baculoviruses.

Baculovirus
Multicapsid nucleopolyhedrovirus

Budded Virus Occluded Virus

Occlusion Body

end

7
Peplomers
(pdd)

N

ONA

capside

ide
view

Belogical
(bikpla)
Membrane

50 nm,

sppronmale Loaw apprommale scak

AEA

Courtesy:




Insect cells with baculoviruses expression system

- based on infection of cultured insect cells with a recombinant ACMNPV virus (Autographa
californica multiple nuclear polyhedrosis virus) carrying a gene for the production of a target
protein.

* 1nsect host cells
- ovarian cells of butterflies of the
species Spodoptera frugiperda (S9, Sf-

g -yl l Transfer 21)
\ Wild-type ACNPV | vector / 3 %;‘\
mﬁ;%ﬁ:ﬁ(;e?tﬁ?uf X Homolg_go:!s Z Cultured
- recombination .
! S | nsect ¢ baculovirus vector (so-called
! 3 ONA seee)  bhacmid)
Polyhedra Bugdln@ | € @
Q;; %'F; Inleci:on== i ;A + Buui:‘g% Recombinant g j Large Shuttle VeCtor
Il rd i ﬁ’% 3 =
| i ; \/l \
:ﬁ Zn ! pN Fo_relgn gene ' (AC PV) .
el ) ok e - contains all the genes necessary
| for the production of viral particles
ACNPW | ACNPY
DNA
Generation of recombinant . .
Insect cell (in vivo) baculovirus Insect cell (in vitro) ° VeI'y StI'OIlg polyhedrln gene

promoter (polyh)



Bac-to-Bac expression system : ,,from Bacterium to Baculovirus*

pFasTBac donor plasmid

Clone Gene of Interest

ATNE

i - Site specific <o
TnTR £ 1 tel Gene
transformation h: ; transposition “on
T4 EE— E. coli (Lac7")

Containing Recombinant Bacmid

Antibiotic selection

Competent DH10Bac E.coli Cells
Recombinant Recombinant bacmid
Donor Plasmid . .
1solation
v
i " . .
FORCENEL W P I Transfection into the
T > insect cells

Determine viral titer -

via plaque assay . <
l ‘ *— | | Recombinant
DOOOOOOOOO! ‘ l Infection of L NN Bacmid DNA
“““ insect cells R D S T —

Expression verification & Virus amplification Virus stock

e  After successful transfection, recombinant viral particles are recovered from the medium (viral stock) and
can be amplified to higher amounts so that they can be used to infect a sufficient number of cells.



from Bacterium to Baculovirus*

]
°9”

Bac-to-Bac expression system

Expression evaluation
-+

YO §
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Amplification
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Amplification
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sf9 cells
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