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human interleukin-2, granulocyte-colony stimulating factor, platelet-derived growth factore= OfF

M2 40| 2H|EICH3-5). O|M3 CHMAQ ME Mitd Xto] IHE0 HES sHE?7| TINK|l=
OFRAE & =7t g4, Ol =X CHHZO0| HHE O{D(CE CRfeh 2Ot ZZ0|A Ags|of
otCh= M7t QUCE et 2H|S2H0| MotE el Ol S cerevisiaeE THASSHE &3t0 &2H]
SsHE A Al7|H= A|E7} Ol O|F0f F1, O|E E5l0 down-stream process®| H|EE&

AAAZ|AX}E SHRACE O] Z0[M= yeast S cerevisiaeO| M THMZAE ZH

ol

g flg =29

2 L gD 22, S=MZHA ditkls Ho[2o/%F HF 0il(6)
Therapeutic Recombinant protein Host Protein properites
group Mw (kDa) Post-translational
modification
Blood factors,  Factor VIII Mammalian cells 267.0 Disulphide bonds,
thrombolytics, glycosylation,
anticoagulants sulphation
Tissue plasminogen Mammalian cells, 62.9 Proteolytic cleavage,
activator E. coli (fragment) disulphide

bonds, glycosylation

Hirudin S. cerevisiae 7.0 Disulphide bonds,

glycosylation,

sulphation
Hormones Insulin E. colj S. 12.0 Proteolytic cleavage,
cerevisiae disulphide
bonds
Human growth hormone £ colj S 248 Disulphide bonds,
cerevisiae phosphoprotein
Follicle-stimulating Mammalian cells 147 Disulphide bonds,
hormone ( subunit)  glycosylation
Glucagon E colj S. 20.1 Amidation, proteolytic
cerevisiae cleavage
Growth Erythropoietin Mammalian cells 213 Disulphide bonds
factors glycosylation
Granulocyte-colony E. coli mammalian  22.3 Disulphide bonds
stimulating factor cells glycosylation
Granulocyte-macrophage £ coli 16.3 Disulphide bonds
colony stimulating factor glycosylation
Cytokines Interferon-alpha E. coli 215 Disulphide bonds

glycosylation
Interferon-beta E. coli 223 Disulphide bonds,

glycosylation,




phosphoprotein

Monoclonal Infliximab Mammalian cells 144.2 Disulphide bonds
antibodies, glycosylation
enzymes Enzymes Alpha- Mammalian cells 48.8 Disulphide bonds
galactosidase glycosylation
Deoxyribonuclease Mammalian cells 314 Disulphide bonds
glycosylation
Uricase S. cerevisiae 342 Acetylation
H 2 BT 2 AlAY b
Ease of Cytotoxic Percent Yield
E?s'{;f““ Handling and E:m onlevel Mammalian  (BasedonDry PTMst Applications
Scale-Up* Proteins Weight)
Functional assays
. . - a Structural analysis
Bacterial Up to 10-30 g/L | Yes 1-5% + Antibody ganeration
Protein interactions
Functional assays
Structural analysis
Yeast L Up to 30 g/L Yes 1% ++ Antibody generation
Protein interactions
Functicnal assays
Insect e Up to 500 mg/L | Yes 30% it Structural analysis
Antibody generation
Functional assays
Mammalian | * Under 10 mg/L <1% b Protein interactions
Antibody generation
. B Functional assays
Cell free 1-3 mg Yes MfA ++ Protein interactions

*Most difficult handling: ****; easiest handling: *.
tWery minimal PTM: +; PTM the closest w that in naturally occurred proteins: ++4++.

=X: http://www.chromatographyonline.com/popular-cell-expression-systems-biotechnology-industry
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FH™EICH7).  ERO|AM  signal peptidase0f| 2|8} signal peptideZt AEHE|W,  CHEEEIS
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H H protein
¥
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. o apparatus
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\ T /\ r /
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ZHHM 0] A|AE (ER quality control system) 20| 2HZEE X[L}7HK|] ZotCH12). X8

M2 YHSHK| =+ CHAO| EROIAM SMX|H, H/FYACHHEELE  (unfolded  protein
response)0| Z=b&E, ER-associated degradation(ERAD) pathwayE Soff CHEHES 2{BHCHLI).
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evolution)& o7 CHEHZl EH|7} S7} E[7|E WCHL9,20). =G O] HA| YA A= Ant
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BUL1 HORZ PFA5 RPL6ARPLISB
CIN INO1 PGM2 RTC4 RPS268
CLN1 1QG1 PHO92 SNF1 VIK1 Cytosol
CTS2 LDB17PRK1 SVL3 YLLOO7C
ELP3 MAG2PSK1 TAN1 YLR345W
0GG1 APT2 £as1 METS PTC1 TPS2 YSP2
ADH4 COXIS pppg | ATS13 gy pkrs prp3 Tyst
AIM17FMP27 gpcy BIK1 O
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CBPZ IFM1 yni1g5c BIT61 yep pani pxas ® Unclear
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C1 HSF1 PRP4 SWR1 YLR274 8PT1 DoAS YPL216W

c1 rapz Endosome  KIN4
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SNF3
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Transcription :Translation : PTM, Transport
’ DNA RNA  Peptide Mature protein Protein secretion

12 4. 850| amylase HH|MAL SO} SAE0|o] HIIMY BAHS S} Ol

(31)

i

6. OHE

5HO| O|9F  OfLizt MRS =A, ALD|S HHHol 48 F7to| mit 1|5 EHN(Ea
Zeh HE U Mol FaNe XN&HoE F7E HoE otk OlFE HHEZ
Chersatets ol thst +25 T3 SOIY ZO|Ch GRAS O|M4S0|HAE FSAEZ CHz

SH AAHS JIKD Y EBE 0|8 THMI B AAY A 47 sERmozy

MYEHoz FQTH A FOFO|CE (oM AFZoH AME, 2ol CHE BEHAAHREZ SESHY
Ched| BIERO ZNS SO0l @7 AR YCh SHR|D AT BYMEUANOR BH G
2H| A|AEIO| biopart 7§, O|F 7to| A% A8, =& A7 NGS U CRISPR Z& genome

editingdt ZSE|0 AT QACE FSESE CHE ZH HZIHE2=Z Q3 EOI B
FO X7 ==Y HZ=RX @S ¢k ofH HE,

ol
M TMA oE gdd=et AFT0| Sc 20 Z=H

[m

£ 850 Mz2 23228 HESta

QICt(http://syntheticyeast.org). X| 22 MER &Z SH™H M2 Z=HO0| UF=0{H UXTH =


http://syntheticyeast.org/

0] XILIB 0|8 TEE T R B2 GTE MY Aoz MAHCL CHy

— —

23 JlaT MO 98 DTS YR MUY 4 U= AT oix/ol

=2fst7|E (sl =L

10.
11.

12.

13.

7.

HaEd

Kobayashi, K., Kuwae, S., Ohya, T, Ohda, T., Ohyama, M., Ohi, H., Tomomitsu, K., and Ohmura,
T. (2000) High-level expression of recombinant human serum albumin from the
methylotrophic yeast Pichia pastoris with minimal protease production and activation. J
Biosci. Bioeng. 89, 55-61

Werten, M. W, van den Bosch, T. J, Wind, R. D., Mooibroek, H., and de Wolf, F. A. (1999)
High-yield secretion of recombinant gelatins by Pichia pastoris. Yeast 15, 1087-1096

Anzur Lasnik, M., Nemec, M., Romih, R, and Schara, M. (2003) An EPR study of the secretion
of G-CSF heterologous protein from Pichia pastoris. Biotech. Bioeng. 81, 768-774

Guan, B., Chen, F, Lei, J, Li, Y, Duan, Z., Zhu, R, Chen, Y., Li, H., and Jin, J. (2013) Constitutive
expression of a rhIL-2-HSA fusion protein in Pichia pastoris using glucose as carbon source.
Appl. Biochem. Biotech. 171, 1792-1804

Ernst, J. F (1988) Efficient secretion and processing of heterologous proteins in
Saccharomyces cerevisiae is mediated solely by the pre-segment of alpha-factor precursor.
DNA 7, 355-360

Berlec, A., and Strukelj, B. (2013) Current state and recent advances in biopharmaceutical
production in Escherichia coli, yeasts and mammalian cells. /. Ind. Microbiol. Biotechno!. 40,
257-274

Delic, M., Valli, M., Graf, A. B., Pfeffer, M., Mattanovich, D., and Gasser, B. (2013) The secretory
pathway: exploring yeast diversity. FEMS Microbiol Rev 37, 872-914

Klein, T, Niklas, J, and Heinzle, E. (2015) Engineering the supply chain for protein
production/secretion in yeasts and mammalian cells. /. Ind Microbiol. 42, 453-464

Hou, J, Tyo, K. E, Liu, Z, Petranovic, D., and Nielsen, J. (2012) Metabolic engineering of
recombinant protein secretion by Saccharomyces cerevisiae. FEMS Yeast Res 12, 491-510
Schroder, M. (2008) Engineering eukaryotic protein factories. Biotechnol. Lett 30, 187-196
Young, C. L, and Robinson, A. S. (2014) Protein folding and secretion: mechanistic insights
advancing recombinant protein production in S. cerevisiae. Curr. Opin. Biotechnol. 30, 168-
177

Sitia, R., and Braakman, I. (2003) Quality control in the endoplasmic reticulum protein factory.
Nature 426, 891-894

Thibault, G, and Ng, D. T. (2012) The endoplasmic reticulum-associated degradation
pathways of budding yeast. Cold Spring Harb Perspect Biol 4



14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Shusta, E. V., Raines, R. T, Pluckthun, A., and Wittrup, K. D. (1998) Increasing the secretory
capacity of Saccharomyces cerevisiae for production of single-chain antibody fragments. Nat
Biotechnol 16, 773-777

Smith, J. D, Tang, B. C, and Robinson, A. S. (2004) Protein disulfide isomerase, but not
binding protein, overexpression enhances secretion of a non-disulfide-bonded protein in
yeast. Biotech. Bioeng. 85, 340-350

Han, K. S., Kim, S. I, Choi, S. L, and Seong, B. L. (2005) N-Glycosylation of secretion enhancer
peptide as influencing factor for the secretion of target proteins from Saccharomyces
cerevisiae. Biochem Biophys Res Commun 337, 557-562

Andres, I, Gallardo, O, Parascandola, P, Javier Pastor, F. I, and Zueco, J. (2005) Use of the
cell wall protein Pir4 as a fusion partner for the expression of Bacillus sp. BP-7 xylanase A
in Saccharomyces cerevisiae. Biotechnol. Bioeng. 89, 690-697

Ahn, J. O, Choi, E. S, Lee, H. W,, Hwang, S. H., Kim, C. S,, Jang, H. W,, Haam, S. J,, and Jung,
J. K. (2004) Enhanced secretion of Bacillus stearothermophilus L1 lipase in Saccharomyces
cerevisiae by translational fusion to cellulose-binding domain. App/ Microbiol. Biotechnol.
64, 833-839

Rakestraw, J. A, Sazinsky, S. L., Piatesi, A, Antipoyv, E, and Wittrup, K. D. (2009) Directed
evolution of a secretory leader for the improved expression of heterologous proteins and
full-length antibodies in Saccharomyces cerevisiae. Biotechnol. Bioeng. 103, 1192-1201
Kjeldsen, T., Pettersson, A. F, Hach, M., Diers, L, Havelund, S., Hansen, P. H., and Andersen,
A. S. (1997) Synthetic leaders with potential BiP binding mediate high-yield secretion of
correctly folded insulin precursors from Saccharomyces cerevisiae. Protein Expr Purif9, 331-
336

Valkonen, M., Penttila, M., and Saloheimo, M. (2003) Effects of inactivation and constitutive
expression of the unfolded- protein response pathway on protein production in the yeast
Saccharomyces cerevisiae. App/ Environ Microbiol 69, 2065-2072

Hou, J, Tyo, K, Liu, Z., Petranovic, D., and Nielsen, J. (2012) Engineering of vesicle trafficking
improves heterologous protein secretion in Saccharomyces cerevisiae. Metab £ng 14, 120-
127

Bao, J., Huang, M., Petranovic, D, and Nielsen, J. (2017) Moderate Expression of SEC16
Increases Protein Secretion by Saccharomyces cerevisiae. App/ Environ Microbio/ 83

Bao, J., Huang, M., Petranovic, D., and Nielsen, J. (2018) Balanced trafficking between the ER
and the Golgi apparatus increases protein secretion in yeast. AMB Express 8, 37

Bao, W. G, and Fukuhara, H. (2001) Secretion of human proteins from yeast: stimulation by
duplication of polyubiquitin and protein disulfide isomerase genes in Kluyveromyces lactis.
Gene 272, 103-110

Morris, J. A, Dorner, A. J., Edwards, C. A, Hendershot, L. M., and Kaufman, R. J. (1997)
Immunoglobulin binding protein (BiP) function is required to protect cells from endoplasmic

reticulum stress but is not required for the secretion of selective proteins. / Biol Chem 272,



27.

28.

29.

30.

31.

32.

33.

4327-4334

van der Heide, M. Hollenberg, C. P, van der Klei, I. J, and Veenhuis, M. (2002)
Overproduction of BiP negatively affects the secretion of Aspergillus niger glucose oxidase
by the yeast Hansenula polymorpha. App/ Microbiol Biotechno/ 58, 487-494

Bae, J. H., Sung, B. H,, Seo, J. W, Kim, C. H., and Sohn, J. H. (2016) A novel fusion partner for
enhanced secretion of recombinant proteins in Saccharomyces cerevisiae. App/. Microbiol.
Biotechno/. 100, 10453-10461

Lee, C. R, Sung, B. H,, Lim, K. M., Kim, M. J,, Sohn, M. J, Bae, J. H., and Sohn, J. H. (2017) Co-
fermentation using Recombinant Saccharomyces cerevisiae Yeast Strains Hyper-secreting
Different Cellulases for the Production of Cellulosic Bioethanol. Sci. Rep. 7, 4428

Bae, J. H, Sung, B. H., Kim, H. J, Park, S. H., Lim, K. M., Kim, M. J,, Lee, C. R, and Sohn, J. H.
(2015) An Efficient Genome-Wide Fusion Partner Screening System for Secretion of
Recombinant Proteins in Yeast. Sci. Rep. 5, 12229

Huang, M., Bai, Y., Sjostrom, S. L., Hallstrom, B. M., Liu, Z., Petranovic, D., Uhlen, M., Joensson,
H. N., Andersson-Svahn, H., and Nielsen, J. (2015) Microfluidic screening and whole-genome
sequencing identifies mutations associated with improved protein secretion by yeast. Proc
Nat! Acad Sci U S A 112, E4689-4696

Abatemarco, J.,, Sarhan, M. F, Wagner, J. M,, Lin, J. L, Liu, L, Hassouneh, W,, Yuan, S. F,, Alper,
H. S, and Abate, A. R. (2017) RNA-aptamers-in-droplets (RAPID) high-throughput screening
for secretory phenotypes. Nat Commun 8, 332

Huang, M., Bao, J., Hallstrom, B. M., Petranovic, D., and Nielsen, J. (2017) Efficient protein

production by yeast requires global tuning of metabolism. Nat Commun 8, 1131



