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Abstract

In spite of many studies about recombinant protein production from
variant kinds of organisms, there has been few studies dealing with
fish as a host for production of recombinant proteins. Therefore,
current status of the researches about recombinant protein production
from fish is still primitive suggesting that a fundamental study
regarding such a thing should be performed for utilizing fish cells or
fish itself as a platform for recombinant protein production. In this
regard, here, 1 evaluated the feasibility of the expression of
recombinant proteins in fish cell lines. In order to do that, I tested the
effectiveness of lentiviral vector system for gene delivery into the cell
lines from Siberian sturgeon (Acipenser baerii) and tried to establish
stable cell lines which express human recombinant proteins. Lentiviral
vectors containing enhanced green fluorescent protein (EGFP) gene

were prepared in host 293LTV cells and treated to 293LTV cells and



A. baerii cell lines for delivering EGFP genes within the cells.
Lentiviral vector system successfully transferred EGFP genes into
293LTV cells indicating that the system established was operated well.
However, it did not transfer EGFP genes into A. baerii cell lines. To
evaluate the ability of A. baerii cells to express human recombinant
proteins, the expression vectors containing human insulin or
erythropoietin (EPO) genes driven by CMV promoter were prepared
and transfected into A. baerii cell lines. After transfection, all cell lines
transiently expressed insulin or EPO mRNA and subsequently, the cell
lines that are consistently expressing insulin or EPO mRNA were
established through antibiotic selection and clonal " growth. The
analyses of insulin or EPO protein expression in each stable cell lines
showed that putative insulin or EPO proteins were expressed in the
established cell lines suggesting the feasibility of recombinant protein
expression in fish cell lines. The results from this study will be able
to contribute to development of the system that produces useful

recombinant proteins in fish cell lines or fish itself.
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AzFgemdold ALt §714 el AzxFHAAY Egdo] o] 4

AR aude wach @4 Axgaud Y B AT we

g

ol(Swartz, 2001), & (Cregg et al., 2000), A4 X+ (Conesa et al.,
2001), ©A¥ ZF(Fuhrmann et al., 1999; Rasala and Mayfield, 2014),
521 & (Rudolph, 1999; Giddings et al.,, 2000; Daniell, 2001; Harvey et
al., 2002) 183 % A*¥(Andersen and Krummen, 2002; Wurm,
2004)°l ol27] 74A] trFetAl A E L ATk TEy BE, AMHE
GAE ZFA AgAE el F
o] Wold 4 SltH(Dyck et al., 2003).

Escherichia coli (E. coli)~= VIOl HEH'ZA FHAHHTE Wol 3%
Hol o wjge] 491 HEo] AHAA Evte= Zo| SAolth. 19854,

E.coliolA  AAbet A zdWM AL jnsuling A Fo® 19864, alpha

rlo

wel wge doslAL gud B4

interferons FDAZRE $¢1S& Wweta, = 1993 2] 3E o) oF3Eotk A
A (KFDA)ol A alpha interferon® 19961 somatropin®] <<1& wtt}.
a8y E colidld  AMNE AxIddwmAe  ‘gaiag’y ge
post-translation ¥7gdo] Aojxo] Qo] 7|54 LA Gl HS 7dlsl7]
o wHel vk EI diA Aol AoA E. colie EArirel H
a zre 977t A7Im 60 kDa ©]/e] dwlde g8 08 AikstA X
st o] ¢l th(Makrides, 1996, Graslund et al., 2008).
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2 Chinese hamster ovary cell?}t

human embryonic kidney celle] x4 o2 AL HT o] MEFES 1L

MER A% £ da sl fAxe] mge] Ak FHel Ytk W A

T ok Aol WGl el zo WA HFol SolzkA e wjx)
o]

AME A 5 3l

WAL RS YA R 587] fEiA e v
t}(Andersen and Krummen, 2002).

olF AXE 19629 rainbow trout (Salmo gairdneri)®] A2
MEF HZ FH(Wolf and Quimby, 1962)S Alzte® v Ezlylo}
(Santos Nassif Lacerda et al., 2013), "W ”](Noga and Hartmann, 1981),
9 ol(Dash et al, 2010) o] (Kim et al, 2014), 9 (Meguro et al.,
1991), zebrafish (Ho et al., 2014), ¥4t % Al2](Hong et al, 1996) %
2011 71 28379 AlZzFEe] wdd ofFolA gEo]l HAoY
(Lakra et al.,, 2011), o1&/ AMEE o] &3 ANx=Fld ik #Agk AT
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I. A5 = o4

1. Al W, 2 R 35
1. 1. A ¥ wj<F

Aol AZHdol(A baeri®] A R OFA FH AlEFY HlYGES
Leibovitz's L-15 medium (L15; Cellgro, Manassas, VA, USA)el| 20%
(v/v) fetal bovine serum (FBS; Cellgro)@} 1% (v/v) penicillin-streptomycin
(P/S; Gibco, Grand Island, NY, USA)°] #H7te WA & AL&3te] di7]=
AdE 7hd 28T wid7]ol A wl st th 293LTV cell (Cellbiolabs, Inc,
San Diego, CA, USA)2 high glucose®l] glutamax”’} % 7}¥ Dulbecco’s
Modified Egle’s Medium (DMEM; Gibco)el 10% (v/v) FBS, 0.1 mM
Non-essential amino acid (NEAA; Gibco), 2 mM Glutamax™ (Gibco)
2231 1 mM Sodium pyruvate (Gibco)7} H7Fg B A S AF&3F 1L 5%
CO, &732] 37T miF7Iol A i <gstltt, wijx] mAl= 2-3d 3 WA
ERRIA

1. 2. At w <

i E Aol A EZE 80% o] AFaES dwl, Dulbecco’s Phosphate
Buffered Saline (DPBS; Gibco)® 23] A2 % 0.05% Trypsin-EDTA
(Gibco)& Ab&3ste] MEE wFHAIAA S2HAZAT. Ax dgds H

A8 ® 5 mL FXE(Eppendorf, Hamburg, Germany)°l =7]3 &3t



Fo] Al WA E Hrrste] HEIY S FEA 4A)FSZA] trypsin-EDTA
o B4E AAGAT olF, 400 gl A 487 QAR AEE 5
SR AL, 0.1% (w/v)e] A (Sigma-Aldrich, St. Louis, MO, USA)°] =
B Aol 1:3 v&= vro] vl Feaith

1. 3. Al 542

2 DPBS® 23] A#
o g EE AEs v
A A ZATE o] F 400

goll A 4587 QAR E A3t wldulA] 1 mLE HAEES 23A7

293LTV cells 52357l fsliA wid < A=
% 0.05% (v/v) trypsin-EDTAZ AHXE @2AIZ

Aduf =l e} 1:12 WhSAlA trypsin-EDTAY A S
i

-z
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)
>
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)
S
<
=

¢} trypan blue (Gibco) 20 xLE 43 hemocytometer
E o] g3 AE 75 A5 34 F, 3x10° 293LTV cell& 1.2 mL
cryovial (Corning Incorporated, Corning, NY, USA)ol &% £33 7} 500
pwl7b HE=E g wixet AlE s Y3 500 4L FAEEY
[20% (v/v) dimethyl sulfoxide (DMSO; Sigma-Aldrich), 80% (v/v) Hj
Aduf A ]S H7stel AAch. o] % cryocontainer (Nalgene, Rochester,
NY, USA)°l| cryovialS Y1 deep freezer (-80C)el &% F<F H A3k
F AAAAR(-196T)7F FH A & AR AZMA] BaE AT

1.4 AxE &

5

b

H A baerii AEFE 293LTV cellE alE3t7] &) 37C
o 0% FEAIA st dlesd ME 1 mLs Had

L %X (EppendorD)d] &7]3 #lu]# 3 mLE H7F & wAEgso] A

N
M

X

2

=)



ATk o] F 400 g2 423 AT E JPstn S A4S AAF 5
A 1 mLE2 FFAAGS BFE Axe 01% Age 2955 35 mm vl
Y HA(SPL Life Sciences, Pocheon, Korea)oll wj%stich. v Hol
A= DMSO A& AlAsH7] f1siA DPBS 23] A% $- wix] S nlA )
F AT

2. AEHlolH A WHE AA L 7Y

2. 1. ¥3 @92 o3 I¢ A

= okl g W W E (pEGEFP-N1; Clontech, Mountain View, CA)
E 7|Hto 2 A 2tE forward % reverse primer®t GoTaq® Green Master
Mix (Promega, Madison, WI, USA)E 4131 PCR<S 30 cycles (94T 30
%, 60C 30%, 72C 30%) 133ttt Pirmerdl w3 BH = Table 19
AAE AT, &d¥El W=+ gel extraction kit (Genotech, Daejeon,
Korea)s Ab&3ste]  Ee/AAlstsdrt. o5, PCR ZA#=3 1 gl
pLVX-IRES-Neo ®HE EcoRl (Enzynomics, Daejeon, Korea)¥} Xbal
(Enzynomics) Algta A~z 37CoAA 2A17F A8 stA. 2gd AMEFL 6X
DNA loading buffer (Enzynomics)E 413 0.6% agarose (Lonza Inc,
& 3t PCR 4t=S 2133

t}. ZFelg W= gel extraction kit (Genotech)S AF-&3to] /A A &}

Rockland, ME, USA) gelel]l 20%7F d7]<d

R T4 ligase (Enzynomics)E o] &3 S5AMYFFHAHEGFP)E ¥H

Ul Arslstdth Abd® WEE DHSaE 23 dgelA 3087 vhg F 4
2T &2 zolA 13 wbs A ol F A&l 287 W& Al7]aL



100 pg/mLe] ampicillin®] *o}2lE= 124 LB ®i#](Duchefa Biochemie,
Haarlem, Netherlands)oll =23k 5 36T wjd7]olA 5 &<k agS
Jegstadnt vhed g9l ¥ colonye Edd 10 ,L Ho® ol 2 mL
o] LB HA #jA o HEFS = 37C wjFrolA wwnky} A sF F<t
vl efstdnt. vl FE TS folA AW JEERY o2 PCRE
Agatdar, w=r} e @ @i+  FavorPrep™ Plasmid DNA
Extraction Mini Kit (Favorgen Biotech, Taiwan)& ©]-&3] | ZA}Fo] A

A Yo FHaMcE FESEL Fue Fhavse oA

;Y

o EX(Cosmogenetech, Seoul, Korea)s =38 HZF#H oz Z74H H3

AL
H

ins

g gelstgrl. pEGFP-NI 2 pLVX-IRES-Neo WE @&
Figure 19 A A% At}

2. 2. dEutolH = HE A4t

=

¥ 293LTV cells 5 & AES] H8S 98 A wigs 23]
ol sttt e utoly 2~ HMEE ALE7] A 100 mm Al E MG
HAlell 4x10° /o] NEZE HEal 5% CO, 3739 37C wi&F7]ol A 244]
b sty e vt mE2A HAdE AS FAd H Lenti-X™
Packaging Single Shots (VSV-G) (Clontech)& ©]-&3}o] #| Aol A A
ok Wyol wel EGFP 347 Al pLVX-IRES-Neo & E
E AlE Wl =detitt #Enpolef s WE Agakel] ik ARl w2
Figure 2 AAIH At =91 5 48A1%F, 72A17bol| wlole 271 $hf-¢ Hi
A& FABAT 4BAIZ ol AT v = 724kl A8 HA7bA] 4T
MM HEsATH HFHoZ A ulA = cellulose acetate® WHEO X

045 mm FAF7] A& % (Sartorius Stedim Biotech, Gottingen, Germany)<



o] &3] MxE NA7IE AASAL 200 , LA EF38ke] -80C deep freezer
of X ¥3FA T}

2. 3. AEHIo|H X FESA

24 well plate (SPL Life Sciences)o] &=Z WhE =43 well /5
Axel 5 ST well A4E At g5 S48 dd 293LTV
cell& 1x10° 71 HF3aL, 5% COp A6l 37CAA 24413 vl Fat At
-80Col E#Ho] = Helg2E 7AW 37TCAA &3] = 5 20 4L
Z 15 mL FEo AT 237 FHo wjkuA 9} polybrenes 2ol F
F597}F 1 mLe] %2 393 polybrene?d =+ 12 pg/mLE 243}
AT ol % wE T AES HiAE AL vieolH 27 i HiAIE
Zb7F 500 pL A FSjskieh 2 5 24413 ol DPBS® 23] A1H F
WA E wASAT. 29§ 72A%F Hd aAds fFAE E478(BD

Biosciences, San Jose, CA, USA)E o] &3 #AAES F2lstt
2. 4. dEvtolz & T4

Aol 2~ 74 A, 1x10°708 A baerii AEZE 6 well plate
(SPL Life Sciences)oll 24A1%F vi<Fsiaitt. 2 9 &, 80T B
dEutol 25 37Cel F&23] =AUtk vidsta = AEY ZF wellol
Al S AlASka et
polybrenes 41o] HF Hu7F 2 mlLo] H %2 %Il polybrened %
12 pg/mlE 24 ol F 28Tl 244 37Hset wiksla WA E
WA FAt. 293LTV celld] 4%

olgl~7F TdaE wix 1 mLol| Hjulx

S

b AW E 2AOE ho]e 27t

R4

M



HlE T e o), mpol# ok wjFui ARt 42 o 500 Lok mpolE s

mj el A 18] 3 polybrene (12 pg/mL)S A& o 500 x L& W7o 24

Hhol# 2~ A F 72A17E Hell 0.05% trypsin-EDTAE A& AxE

FaARl 5 145 FAE 4715 FA EGFP A3E B4 44

TES BAEAY AEE =L 0.05% trypsin-EDTAZE A *EE HH
3l & trypan blue exclusion assayS =3 %33}t

3. A=Y fAA4 FAEY 2 B3

e
_Il

Ml

3. 1. Q1% insulin @ EPO %3 #H¥g AZ

Zg2an= Wy WE (TRPML-HA; Addgene plasmid 52535)¢ <17+
insulin® erythropoietin (EPO) 35 242 A3t t. TRPML-HA
o] WE W& Figure 1o AAEATE Azb insulin® PCMV6-XL5
(Origene, Rockville, MD)<-, 18|31 EPO+% plenti6.3-hEPO (Addgene
plasmid 50436)& o]&3] ARPEF=YS P AP EF2d PCR %
71L& initial denaturation (94T 5% )& A|Zo 2 25 cycles (94T 30%, 5
9C 30%, 72T 45%) ¥k A Z ). w5012 PCR product?t TRPML-HA

+ HindII ¢} Agel #|3+ 34 (Enzynomics, Daejeon, Korea)E HH2-A]7]

X

1 2+ 0.6%, 1.2% agarose geldl 7] st W=7 <l =

$1+= gel extraction kit® PCR productE A A|8FFaL A ZA A A 3-8}
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s

W o 2 T4 ligase (Enzynomics)E WHS-AZth 4w #E+= DHba
dFollA 3 %=

&9l

Cin

=
=

o
i
L
r]I.

$ & 0 Fes

e Rl

o]

==

28ZF WS- A7]3 100 pg/mLe] ampicilline] o}l 1

T

A LB ®iA (Duchefa Biochemie, Haarlem, Netherlands)ol] =%3l % 3
6C wg7]olA 35 o wds A3ttt v &< A colony=

Hird 10 yLESZ Aol 2 mLe] LB A #jx|o] HE3
7!

3. 2. E&v=E HE G FEAEA A} EFA £H

X-tremeGENE™ HP DNA Transfection Reagent (X-tremeGENE™
HP; Roche, Mannheim, Germany)®} Alx U dggr Zglxan= wE 9}

of HFAE szl flsiA, 3 ugel &d ¥E ek 300 4, L9 Opti-MEM
& EF% F X-tremeGENE™ HPE 6 4, LS 419 Atk & EFA
T 1587 Aol W AA T

3.3. A7 insulin ¥ EPO 23 9WE9 JAEY 2D A

FAEdE 7] A, 6 well plated] 1.5x10° /He] A. baerii FA 2 A%
B e HAe) 80-90%E ©S W 7hA wjke Aasich 2

il
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A 2 mLE wAstL FHE 53A 250 4 LE FH H, 28T wd7]
o Al 24A17F Sk wFetSth o], DPBSE 23] A|l#S& 3tal L15 X
o 20% (v/v) FBS®} 1% (v/v) P/S7F g8 vl 2 mL2 wAs)] 5
o A& 25 B9 Wl wiAel 400 pg/mL GENETICIN® (G418;
Sigma-Aldrich)& #7tste] A AdS st o]F 01% Azt
B FEE 60 mm WEHA I ALEZ (967 AE) AMEE HES o
A A EZAA FHE colony BAS F=3ARL, FAE colonyEE 5

9 ZE E F mRNA % vl wd BAd o) gk,
3. 4. RT-PCR

7t AAZZRE 5 min Cell/Virus RNA Extraction Kit (Biofactories,
Monrovia, USA)E At&ste] AZAZE AlFste WHEOZ total RNAE
F% 3 % DNase I (Sigma-Aldrich)2 A& 3ttt 1 ug total RNAZ
B GoScript reverse transcription system (Promega)< ©]-&3lo] A%
A AlFEtE Wl wEl cDNAES @48 A3 insulind
erythropoietin® =240 o]&% Z 3 &A% primer2 RT-PCR &4 &
A A8 tHTable 1). PCRE initial denaturation (94°C, 53)o. & A] A&}
o] 35 cycles (94C 30%, 59C 30%, 72T 45%) HFSAIH T wkEo( %
PCR product®™ 1.2% agarose geldll 7] 9%53lo] &2t}

¢

3. 5. Western blot

(D) A& =9

47191 100 mm plate (SPL Life Sciences)ol A wj%3F A7} 90%0]

_12_



e i, 0.05% trypsin-EDTAZ M¥EE &2A]7]3 YA E 400 g, 4

M
=
>,

AstATt FEAS AASL 1 mL DPBSE A¥xE E{HA7 F

T 2Hor AAdZEE A AT A AA  FHel 200 , L2

1% (v/v) triton-X7} 4<] DPBSZ FFA AT 63 AXEsE 2e098
H71E ol &3l MEE =g = 3% &<F 7hekal 3% E<F 4

T 2o E F 60 AAHAT AR AEe sz E AR
= APt ASHS FAS 15 mL FE Atk o|F, deep freezer

of 30&7F d¥l % 297 HAAZ7|(lshin Bio Base, Dongducheon,

(2) Loading gel A2z}

Loading gel & %9 3 & EVOgel™ (GeneDireX, Las Vegas, NV,
USA) 10 mL¥ 10% (w/v) Ammonium persulfate (Nato Chemical,
Tokyo, Japan) 100 ,L Z12]3 TEMED (Sigma-Aldrich) 10 ,LE 43¢
o FAstATh FUg gel Aol 80% ethanols F+2 F 4037t ol

AZo] A ethanol A7 §F EVOgel™ 5 mLd
Ammonium persulfate 100 ,U,LJJr TEMED 10 yLE % 411 stacking gel

Fas A5 gel F& 712 5 NS 2ol =3

(3) &M A loading, transfer 2] 3L blocking
sAAx | dMAE2 80 pLo 3A SRF =59 F, dE w=E
Pierce® BCA protein assay kit (Thermo scientific, Rockford, IL, USA)
o]-&3 FAsIAUTE v FAHALS AXAE AEd viyd BAoE 3
ottt 281 pgol @MAS 32 FRF Ao AT FIE 20 yL=
Fh o]F 5X SDS sample loading buffer (Tech & Innovation,

mlm

e
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Chuncheon, Korea)E 493 53 #& EoA WAS AYPstdh A=zt
¥ loading gel loading €9l =% % SDS buffer [25 mM Tris; 192
mM Glycine; 0.1% SDSJe| @< %, =

Skl 100 Vol A 2A13F 307 A 71952 AASA T Protein transfer®

A B 20 ,LE Eo 79

233st7]  9elA  polyvinylidene difluoride membrane (Bio Rad,
Hercules, CA, USA)E 20%%F methanole]l »¥FS 33} transfer
buffer [25 mM Tris; 192 mM Glycine; 20% Methanol] ol 4] semi-dry
transfer W2l o2 100 VoA 1A1ZF &<k A&3th ©] 3 membrane
2 TBS-T [137 mM Tris; 20 mM NaCl; 0.1% Tween-20] “ell 5%
(v/v)e] A EF(Bioworld, Atlanta, GA, USA)o] AF2o]A 1A7F Fot
kS Al Z T

(4) Primary antibody ¢} second antibody * 2
Blocking®] #% membranes TBS-To| 22} proinsulin monoclonal
antibody (Santa cruz biotechnology, Santa Cruz, CA, USA)¥}
erythropoietin monoclonal antibody (Santa cruz biotechnology)& 1:200
o2 A3 4CodA 35 &< membrane® WSS AlAHTE WESS whH
membrane< TBS-TZE 3#3F 33l Ax AxS stk o F,
HRP-conjugated goat anti-mouse IgG secondary antibody (Thermo
scientific) & oA 1AIZE Eet REES ST whEol &

membrane TBS-Tol| A 3837t 33] A %S 2335k}

(5) Visualization
Clarity™ Western ECL Substrate peroxide solution (Bio Rad) ¥}

Clarity™ Western ECL substrate Luminol/enhancer solution (Bio Rad)
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S X3 Al F o] By membraned Ao A 5E7F WSS A F T wES-o)
¢ membraned X-ray filmol 587 =% A7 =% #H filme

developerE ©]-&3 &3ttt}
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Table 1. Primer sequences used in this study

Primer sequences (5’ to 3)

Genes Product size (bp)
Forward primer Reverse primer

Insulin ACTAAGCTTA GCCCTCCAGG ACAG GACCGGTCTA GTTGCAGTAG TTCTC 345

His t d Insuli GECGARGETT IATG S GACCGGTGTT GCAGTAGTTC TCC 342

15 tagged fnsuim CTTTCTTTA
EPO ACTAAGCTTC GAACCATGGG GGTGC GACCGGTTCA TCTGTCCCCT GTC 594

His tagged FPO GCCGAAGCTT CGAACCATGG GGGTGC TGACCGGTTC TGTCCCCTGT CCT 591

CGCGGATCCT TACTTGTACA

EGFP TTGCGGCCGC ATGGTGAGCA AGGGCGA 739

GCTCGTCCA

_']6_



m 2

1. AEnlo]H 2 HE A€ o] &

e
ofk
i,
1
s

1. 1. EGFP &3 9H9 Q1&g 4 ZA+

pLVX-IRES-Neo Wl EGFP #3A& Adsta H4/5H271 o+
glol AdEA=A Fedstrl A A ArIAd A4S AA AT 4
S public databasedlA] #|-& %% CDS$} alignment

€ Tl Hlasls o, 2AdHE W AdE FAAEe] AFEENA F

il
i)
k1
i
it}
jatod
i,
o)
127
ﬂl\l’l

AFAE7A 100% DA 3F= AL e A A T} (Figure 3).
1. 2. AEnlolz] 2 7Y A] polybrened &3

9l

piad

Hutolgj 2~ Wy A2dls o] &8 FAESY
A53t7] #lal, polybrene®] #7F friol wE FARS &S5 HlwsAd
th. 12 pg/mL polybreneo] 3 7hg FE|nfole]x wjx] e} H7ME ] o2 &
=

niol el 2~ w2 & Z+7} 293LTV cellel #HAA AL, EGFP Y&l 7]

B
ol

tel FA=Y =&

203LTV cells &AWEwo® of&atdtt. 1 A¥, FAHETANA=
0%% EGFP Z@d&o] g5 3%lal, polybrenes #7bsh#] 82 A3
A= 42.49%, polybrenes 7he @ Ttol A= 50.04%< EGFP Ud&

o] zt7 S A (Figure 4). 234 22 polybrene®| 3 7}7} =lE|H}o]

ﬂlﬁ
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do WMEE 0§38 YUY A FAEY 2L AL F dgol F

¢l = AT
1. 3. dAHntolzglx v= A
A Ejulo] 2 2~ 9] transducing unit (TU)S =A3s7] 8141 polybrene

12pg/mL7} S8 A uto]le = @A) 10 4, LE 23] 293LTV cellol %

datgth Fd T 2A FH 2T fFAXE B47E E§A EGEFP %

|

S

d&Ss AT A7, 47 2.38%9 1.84% S s th(Figure 4). &

Elupol2l TUS Téhs 42 ‘A A Ax & x I3 29 &
O

Hj %] oF olm g AAME Hloly A FEE 211x10°

1. 4. dEylojglx HWEY A|2HS o] &3 AlH|g ol A
(A. baerii) MEZF W FAEY H7}

dEjulol ]~ WE Al 2~®e] A baerii MEF W FFAEY 385 H
Va7l A, Agy FA fFEl AEF 211x10° TUS nloldAs
ZAXNAY. 2 A, 293LTV celldl = @3S 2dsts A%

T AJAT A baerii AEFH B FAGH AEFAME FFE E3
ae AEZ #3908 ¢ gl dEulelel 2] A baerii AEF

XS FAAS o, AdFd AxFe YL 694+3.9%5 H A
g AEF] BEEL 844:134% % dEHtolel~s A 5HA

)
°
g dxadsRd Fdl AEF 669£1.7%, T fdl AlESF

92.742.6%)} BlaLste] F oAl Aol & ERWA] 2 9ktH(Table 2).
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Figure 1. Information of vectors used in this

Backbone of the enhanced green fluorescence protein expression vector.

(C) Backbone of the human insulin
erythropoietin expression vector.
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study. (A) Backbone of the lentiviral expression vector.
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7 pg lentiviral
vector plasmid
(600 pl final)

Make complexes Harvest conditioned media Transduct lentiviral Analysis GFP expression ratio
and apply to at48hand 72h particles to and determine
29317V cells after transfection 293LTV cells viral particles titer

Figure 2. A schematic diagram for lentiviral vector system.

_20_



EGER
pLVE_EGEE_CMV-

EGEP
BLVK_EGEE_CHV-f

EGEFP
PLVX_EGEF_CHVaf

EGFP
PLVE_EGEE_CMV-£

EGIP
BLVK_EGEE_CHV-f

EGFP
pLVE_EGEE_CMV-£

EGTP
pLVE_EGFE_CHV-£

EGrE
PLVX_EGEFP_CHV-£

EGEP
pLVX_EGEFR ON-£

EGEFP
LV EGEE_GHV—£

EGER
pLVX_EGER GMv-£

EGEP
FLVE_EGEF_CHY-£

EGEP
PLVE_EGFE_CHV-£

EEFP
PLVE_EGFF_CHV-£

EGEF
PLVE_EGFP_CHV-£

£aFE
PLVE_EGFE_CMV-£

EGFF
PLVE_EGFP_CHV-£

EGFF
pLVE_EGFE_CHY-£

Eore
pLVK_EGFP_CHV-£

EGFP
PLVE_EGFE_CHV-£

TEIIGEoCAGGEEEFGAGCT TTATAGCAGAGC TOGT TTAGTGARCCETCAGATOGCCTGE

AR AT OC AT T TT TGAC CTCCATAGARGACACOGRCT CTACTAGREERTCTAT

mmmmmm e m e = mm = mm = == == AT GG T GAGCANGE GO GAGEAG
TTCCRET RART T CCT COAGAC T AGT TCTRGAGLGRCC GCAT SOTRASCARGFIFCOATGAG

ST ST T oSO EET RGT GoCCATCOT GoT CoRGCT CRACREOEACCTARACRTFCCATARG
CIET ICACOEEET GG T GoCCATCCT GET CAAGC T GEACEGOGAOGT ARNOGECCACANG

] ] ] ] ] ] ] ]

TICRFOC TGO RGA O GAGGGC AT GCCALCTACGOCARGCTGADCCTGAAGTIC
TICAGCEIET OO REGAGFHIGAGGEC AT GO CACCTACGECARGCTGACCCTGAAGTTIC

sassas see sesssssssssssEEEEEs sessssss srsssses

ATCTGCACCRCC R ARGC TGO CCGTGECCTEGCOCACCCTOSTGACCACCCTGRCCTAC
ATCTGCACCAOCBECAAGCTGCCCGTGECCTGEOOCACCCTOGTGACCACCCTGACCTAC

TR T e T T CAGCC G TAC D CC AL CACR T GRAAGEAGCATEACTTCTTCARGTCS
CRGICGCTACCOCGACCACRTGARGIAGCROGACT ICT TCARGTCE

] 1] ]

GOCAT GO G TACSTCCAGGAGC GCAC CATCT TCT TCARGENCGACESCAACTAC
AT ARG I T ACET CoRGEAGCGLACCATCT TCT TCARGRRCRATEETARCTAC

shmsssssssaaas

GaEmssmamsEn e

ARGROCCRCRIC RARGT GARGT TCRAGRFCGACA CCCT BET BARCCRTATCRAGCT RARG
ARGACCCECE0CGAGE T GANG T TORAGGGCGACACCCTGETGARDCGCA

RSN E S E NS ESESSEANSSEIESEEE RS R R EEEE s

CCCATOBGCHAC GECCCCET G T GCTGODOGACARCCR CTACCTGAGCACCCAGT 0GOS
COCATCEE0EAL P00 CCET G T CUTECO0GRCARC CACTACC T GAGCACCCAGTOOGLE

e T

CT GRAGCARAEAC SO C AR CBAGAAGOGC GRT CACAT G TCCTGC T GRAG T TEGTGACCSOE
TGRS ARG AT O CAR G GARGOGCGAT CACAT GO T CCT BT GAAGT TOGT GACCSOD

L LR L T T ey

GUOGGGATCACT CT CBG AT GEALGAGCTG T ACARGT AN~
R AT CRCT T DG T AT GRAL CAGCT O TATARGT ARGERT COCGOCCCTCTCOCT I

B T Y

T AT T T T O C RS CAT AT T GoCCT CT T T T CRCART CTCAGEEC COGEARACCTGGOCCT R

TERAT FT O T ARG AR GCAGT TCCTCT GRAR T TCT T GAAGACARACARCETCTCTAG

== 720
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Figure 3. Result of sequence alignment between EGFP CDS in
and EGFP clone inserted
pLVX-IRES-Neo vector.

public database
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i \ ¥ : 102 168 16 ! 1
FITC-A FITC-A FITC-A

Figure 4. Effects of polybrene on transduction efficiency of lentiviral vector in 293LTV cells. (A) A
fluorescent image of 293LTV cells that were not treated with lentiviral vectors. (B) A fluorescent image of 293LTV cells
that were treated with lentiviral vectors without polybrene. (C) A fluorescent image of 293LTV cells that were treated
with lentiviral vectors with 12 pg/mL polybrene. (D) Percentage of EGFP-positive 293LTV cells in non-treated group. (E)
Percentage of EGFP-positive 293LTV cells in the group that was treated with lentiviral vectors without polybrene. (F)
Percentage of EGFP-positive 293LTV cells in the group that was treated with lentiviral vectors with 12 pg/mL polybrene.
All scale bars are 20 um.
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Figure 5. Measurement of the percentage of EGFP-positive 293LTV cells after treatment of 10 ,L

media containing lentiviral particles. Two independent experiments were performed for calculation of virus titer.
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Table 2. Cytotoxicity of lentiviral system on Siberian sturgeon
head kidney and heart-derived cells.

Viability (%) of Viability (%) of
head kidney-derived cells after heart—derived cells after treatment of
treatment of lentiviral vectors lentiviral vectors
The cells treated The cells treated
Control ] o Control d o
with lentiviral with lentiviral
(non-treated cells) (non-treated cells)
vectors vectors
92.7+2.6 84.4+13.4 66.9+1.7 69.4+3.9

Data are meantstandard of deviation (SD) of three independent experiments.
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Figure 6. Morphology of Siberian sturgeon (Acipenser baerii) cell lines used in this study. (A) An A
baerii cell line derived from head kidney. (B) An A. baerii cell line derived from heart. Both scale bars are 100 zm.
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2. A7V insulin® EPO 238 NXF Y

2. 1. Insulin 2 EPO %3 Wele 97142 24 A3

FAAE A3
A=A glstr] fEiA Fr7IAE 4
AAsEAT 24 Ay =% A7) <EES public databasedl A AlF &

= 72t f#A9 CDS¢ alignment® T HwERS W, insulin,

Rl

(o)
—
=
=
=
—
T
o
o>
=2
[".8{_:
=
v

" =
o,
o~
3
wn
S
3
i)
t
e
Q

e

his-tagged insulin, EPO, his-tagged EPOS ¥33F RE urgwE
AdE FAAREe] AR ZECA FEAI=MA 100% €At AE g

olgr 4= ¢l At (Figure 7, Figure 8).

2. 2. A7 insulin @ EPOY 4A &3 A=

(i3
el
Z
iy
lo
2
S
%,
ax
o]
N
X,
offt
2
4z
i
fot
(o]
ol

MIEEEREERIE R

T3t Al EFo A7F insulin®t EPO wE wWE

=
S
Q

Q

3

IS
I
23
2
>

it
=
e

7¥ insulin?} his-tagged insulin =& MEH7F =dE AXE ZF
o 5 Z}7ke] mRNAZF wdste= S &0 = A K Figure 9). EPO
o] A¢= msAE EPO 2 his-tagged EPO Z3ME 7L =4 H A

¥ EFolAM Zhzbel mRNAZE Hdsts Ae &9 5 A (Figure

focs

2. 3. A7t insulin @ EPOE Td3l= stable cell line &3
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L

L8 BAFAARE &2 o7 HHSIE stable cell lineg ¥ 3517
&l A, insulin, his-tagged insulin, EPO % his-tagged EPO & ™ E
S Z47F AldlElol Aol T4 AT O FE =Y A, FAA

Al W F2 ude 53] stable cell lineg R EAT.  Insulin

insulin® his-tagged insulin> ZtZ} 79 3708l EE A ETFo A

l

mRNA &S &lst = Al (Figure 11), EPOS} his tagged EPOE
Zyzy 1719 AT mRNA 2dS g1E = QS th(Figure 12). ©]
S B H4 /A4 mRNAS @33t stable cell lineo] X7 &2l

= At

l

2. 4. Stable cell lines® <21zt insulin ¥ EPO @& 23
3 7}

22§42 mRNAZ <tdz oz wa s stable cell linesol A
insulin % EPO®] @3 W3S Frtetgltt. EPOS] mRNAS Hdst=
stable cell line¥} his-tagged insulin®] mRNA 2&3d}+= stable cell line
& ekl aud FEE grstr] fsiM western blote X3S}

th. L 23 EPO stable cell line®| 4-¢, EPO @& e o =7]< 37

A AT His - tagged insulin stable cell line®] 4% </% = proinsulin
chulzl o] 5 7]¢] 13 kDa oAl = anti-proinsulin antibody®l] HF-g-&}:=
W=7 el x] gta ol tE 7|7 2 oF 56 kDa HolA tx

Tl M= dEtuA e did ies #2084 At (Figure 13).
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CLUSTAL 0(1.2.4) muitiple sequence alisrment DJETAL 011.2.4) sultiple sequence allanaent
it 0 Human.insul in+His 1]
Lman. POMY_HSINS[Hi s)_cl Oy -F COCCAGGEEGABRE TAT AT AGCA GASCT CT CTGECTAACT AGAGAADICAC TG TACT 2]
ECHY_HSINS ) -DMv-F COOCAGGGEERAGEE TATATABCAGAGC TCTCTBECTAACTABAGARCCCACTRCTTACT 6O el
Humar. insul IneHis 5 1
Human_insul in A1 PONY _HEINS{Hl ) c1 -0 -F GECTTATCAAAT TAATACGACTCACT AT AGEGA GA CODAMGCTGRCTAGTT AR [T TAG 120
ECHY_HSING ] -My-F GOCTTATCRAMATTAATACBACTCACTATAGGRABACCIAMGCTRECTAGT TAABCTTAG 120
Human_insul in+His (GECETCCA GRACAGE TRCAT CAGA AGA GEOCATCAA GLAGA TCACTRTCCTTCT GLEATG Bl
Human_irsul in BCLCTCCABBACAGE TRCA TCARBARABRITATCAMGCABATCACTRTCCTTCTALCATE 61 pCMY_MSINSIHI s) o] DY -F CLCTOCAGGACAGRC TGRCAT CA GA AGA GROCATCAAGCAGA TCACTGTOCTTCT GLCATG 180
m"mlm.cul-m"F mm‘mmemmmmm 1m - a - R L S
- - adbbddsbbdbdnbdbddbbbdddBbbddad bbb bbb m“n_in-gul ||-|.¢H|-5 T [:[:r m TET 12]
Human_i POV _HEINSHI ) ! 00 -F TG T LG CT COT LT GOT A TGET GRCCD TO TGRAGACTT (ACITs 240
Human_irsul in BCCCTHTGEATBCGCCTCCTBCICCTACT BECCCICTEROGACCTRACICA 121 R SO
pCHY_HSING_cl-Di-F WMWTMIWWMCWW 20
Phnn..lr:;]il’rﬁis GOORCAGECT T TG TRAACCAACACTTGTGORECT CACKOCT GRTGGARRCTCTCTACCT A 181
i FCMY_HEIHS{HI 2 _c| -CMy'-F GOOBCAGECTT TETEAACCA ACACTT GTGOGECT CACACCT GE TGRARGCTCTCTACCTA e 1]
Human_irsul in BLOGCAGCCTT TRTRALCAACACCTATEOGEC TCACACCTGRTGEABCTC TCTACCTA 181 PP PP S
ECHY_HSINS_c1-DHY-F GUOGCAGCCTTTATEAMCCAACACC TATERAC TCACADCTRETREAMGCTCTCTACCTA. 300
Human_ingul insHiz GTGTCCOGRGAKCGACGLTTCT TCTACACACICA AGADODGODGRGA 241
POV _HSINSHI 5) c 1 -Of-F GG EEEAACGA G TTCT TDTMWMMB s 1]
H.m-il-ml in Ermmemm 2‘_! sEeedt bbbl dd db bbb bt db bt bR R R R a Rl dd b b b bbb bR RR bR dRR R
=[ TETGCAGEEAACRAGECT ACACACCCAAGACDCBCTRGEAGGCABAGGACC TG s
PR SRl O-F 8 T, 0 Husan_insul in+His CAGGTHENECA B3 TGGAGCT GEC R ARICCTGET GUAGRCAGCCT GCABCICTIGEE an
POMY_HSINS Hi 5) o1 -y -F mmlmmﬁmmﬂmwwmmmmm 40
ireulin AT BEGECARG TEGAC T GETHAGESIC TS TICAGECABCC TRCAGCLC TR 301 AR A S RS RS 0 G b b e b SR
PCHY_HSINS.c1-OWW-F CAEATBOGGCABATREASCTGBECAG6G6LLTRTACAGBLARCCTECARCLLTTRACE. 420 Human_insu| in+His CTCRACEGETCOCTGOARAA GO GECAT TGTERMORATGCTGTACCAGIATCTECTCE. 361
FCMY_HSINS(HI 5) | LW F CTGEAGEEETCOC TGCAGAM GEGT GRCAT TITEGAA DL ATGCTGT ACCAGEA TCTRCTCE 480
taedtiadddddddbddtdbdededessnaRnasd Rdddddd bbb dd bbb badasanaen
Human_irsulin CTERARGEETCCCTECABAAGDET GECAT TRTGEAMCAA TECTRTACCARCATCTACTED. . 381
BCNY_HSINS_c1-Ofv-F CTEGASGGETCCCTECAGAAGETBECATTBTGEACAATECTATACCAGCATCTECTED - 420 Human_insul in+His CTCTACCAGLT GRAGAALTALT BEAACACTIGGTCAT CA TCACCAT CADCA T T GA ——- 415
e e S R TR A R pOMY _HEINSIHI g0t -0WY-F CTCT ACCA T BGAGAAC TACT UM CACGETCA TCA TCACCAT CACCA TTGAGI T TAL =40
S AR S S0 S b A 0
Human_irsul in CTCTACCAGCTORAGAMLT ACTECAAL TAG: 39 3 i
ECHY_HSINS _c1-Diy-F CTCTACCAGCTORARMLTACTECARCTAGACDBETCATCATCACCATCACCATTEAGTT 54D Hymari_insul in+His 415
FCMY_MSINS{HI ) ! LMY -F AOODECTGATCAGIC TOGACTETGCCT TCTAGT TRCCAGDCATCT BT TGT TTGCICCTCD 00

(A) Multiple

sequence alignment between human insulin CDS and human insulin inserted within pTRPML1-HA vector. (B) Multiple

Figure 7. Sequencing results of human insulin inserted within pTRPML1-HA vector.

sequence alignment between human insulin CDS and his-tagged human insulin inserted within pTRPML1-HA vector.

_28_



A

B

LUSTAL 0{1.2.4) multiple sequence alignment (LUSTAL O{1.2.4) sultipte sequence a1 lsnaent
Husan_EF0 ] Humar, EROuHils 1]
RV RSEPOC2-O0-F  ACICCANTGGTBRASLTATTAKGCABARCTCTCTBRCTANCTASABAMCICACTECTTAL 60 oO_iEeHis 3O TTCTBCT W&
Husar_EFD £ 1 Human EFO+His 0
PO HSEPD_c2-00-F THETTATCEARATTAATACEACTCACTATABGEAACCCAMLTBECTAGTTAARCTTC 120 ARSI e NG AT TACHICIA I NN CTITINRT o
.
Humar BP0+ “CBANCATERTACATBAATE T TECCTBAC T TARCTTCTICTBTCLCTRCTATE ]
Hman_EFD BAMCCATESBATECAIAMTBTOCTROCTBRCTATRACT TCTCCTRTCICTACTAICEE 61 CONISEOMIS OO TCHAEATOSBATE ATBAATATETEOLTBAC TR TICTICTGTOLTECTATE 180
MY _HSEPOLc2-0-F mmmmmmmawmmmm 180
Humar, Effi+diis G TOBGTC T T COLAG L TEASCACCICALCACELD 1a
Hussary_EF0 TCOCTCTBRECL T OOCAR T TRORCACLICALCACCLTCATCTRTRACARCIRMTEE 121 HON_HEEPO+H s ¢3-OF mmm:mmmmmmmm 40
MY _HSEPD_c2-0-F TECTCTGHLTOOCAGT CLTREGUAIICACCACRULTCATCTRTEACAGIDGAGTIE 240
Humar EFOMil 5 L THBARAGETACCTLT TAGABICAMRAGLCBAAMT A TCACGACEEBCTATACTE 17
RSO 5.c3-CF G AGRASTCRARAT ATCACRACREACT
Hisan EFO TORABTRTU TS SHBEIAM A TOATASTECTSA 191 v figs i w11k o o o
FI6Y_HSEPD_c2-00-F ACCTCTTBEARGCCANBEABECOARANTAT CALBACBEACTATBL TRAAC
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Figure 8. Sequencing results of human erythropoietin (EPQO) inserted within pTRPML1-HA vector. (A)
Multiple sequence alignment between human EPO CDS and human EPO inserted within pTRPML1-HA vector. (B)
Multiple sequence alignment between human EPO CDS and his-tagged human EPO inserted within pTRPML1-HA
vector.

_29_



@
s@ro & ﬁ@r(} &
A o oF B o 2@
ol X o
B> ) NS
P ol «

H. sapiens fnsuﬁn_ H. sapiens insulin+ His _
A. baerii g-actin (RT +) R A. baerii B-actin (RT +)
A. baerii p-actin (RT - ) || GG A. baerii g-actin (RT - ) || G

Figure 9. Transient mRNA expression in Acipenser baerii head kidney cell lines transfected with
human insulin and his-tagged human insulin. (A) RT-PCR results for insulin expression in A. baerii head kidney

cell lines transfected with human insulin expression vectors. (B) RT-PCR results for insulin expression in A. baerii head
kidney cell lines transfected with his—tagged human insulin expression vectors.
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Figure 10. Transient mRNA expression in Acipenser baerii head kidney cell lines transfected with
human erythropoietin (EPO) and his-tagged human EPO. (A) RT-PCR results for EPO expression in A
baerii head kidney cell lines transfected with human EPO expression vectors. (B) RT-PCR results for EPO expression in

A. baerii head kidney cell lines transfected with his-tagged human EPO expression vectors.
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Figure 11. mRNA expression in cell clones after transfection of
insulin gene and subsequent selection. (A) RT-PCR results for insulin
expression in the cell clones derived from Acipenser baerii head kidney cell
lines transfected with human insulin expression vectors. (B) RT-PCR results
for insulin expression in the cell clones derived from A. baerii head kidney

cell lines transfected with his—tagged human insulin expression vectors.
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Figure 12. mRNA expression in cell clones after transfection of
erythropoietin (EPQO) gene and subsequent selection. (A) RT-PCR
results for EPO expression in the cell clones derived from Acipenser baerii
head kidney cell lines transfected with human EPO expression vectors. (B)
RT-PCR results for EPO expression in the cell clones derived from A. baerii
head kidney cell lines transfected with his-tagged human FEPO expression
vectors.

_33_



Figure 13. Human insulin and erythropoietin (EPQO) protein
expression from stable cell lines. Arrowhead and arrow indicate protein

sizes of about 37 kDa and about 56 kDa, respectively. Non-transfected
Acipenser baerii head kidney cell line was used for a control.
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Figure 14. Cytotoxicity and transfection efficiency of
Lipofectamine™ 2000 on Siberian sturgeon (Acipenser baerii)
head kidney cell lines. (A) Cell viability according to Lipofectamine™
2000 to plasmid ratios. (B) EGEP expression according to Lipofectamine™
2000 to plasmid ratios. Data are expressed as the mean * SD of three
independent experiments. Asterisk indicates significant difference compared to
control (reagent-to-plasmid ratio=0:1). Reprinted by permission from Springer
Nature, In Vitro Cellular & Developmental Biology—-Animal, Gene delivery into
Siberian sturgeon cell lines by commercial transfection reagents., Lee JH et
al., Copyright © 2019.
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Figure 15. Cytotoxicity and transfection efficiency of
X-tremeGENE™ HP on Siberian sturgeon (Acipenser baerii)
head kidney cell lines. (A) Cell viability according to X-tremeGENE™
HP to plasmid ratios. (B) EGFP expression according to X-tremeGENE™
HP to plasmid ratios. Data are expressed as the mean = SD of three
independent experiments. Letters a and b indicate significant differences,
p<0.05. Reprinted by permission from Springer Nature, In Vitro Cellular &
Developmental Biology—Animal, Gene delivery into Siberian sturgeon cell lines

by commercial transfection reagents., Lee JH et al., Copyright © 2019.

_36_



A B
R 120 - -. g i
2 80 23 1
= @ b
T 60 S o |
> Q
= 40 A o
8 w1 4
20 O
| 5 a
o - 0 -
1:1 211 41 1 274N
G:P ratio G:P ratio

Figure 16. Cytotoxicity and transfection efficiency of GeneJuice®
on Siberian sturgeon (Acipenser baerii) head kidney cell lines.
(A) Cell viability according to GeneJuice® to plasmid ratios. (B) EGFP
expression according to GeneJuice® to plasmid ratios. Data are expressed as
the mean + SD of three independent experiments. Letters a and b indicate
significant differences, p<0.05. Reprinted by permission from Springer Nature,
In Vitro Cellular & Developmental Biology-Animal, Gene delivery into
Siberian sturgeon cell lines by commercial transfection reagents., Lee JH et
al., Copyright © 2019.
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Figure 17. Comparison between optimal conditions of cytotoxicity
and transfection efficiency of three different transfection reagents
on Siberian sturgeon (Acipenser baerii) head kidney cell lines.
(A) Comparison of cell viability between the optimal conditions from each
transfection reagent. (B) Comparison of EGFP expression rate between the
optimal conditions from each transfection reagent. Letters a and b indicate
significant differences, p<0.05. Reprinted by permission from Springer Nature,
In Vitro Cellular & Developmental Biology-Animal, Gene delivery into
Siberian sturgeon cell lines by commercial transfection reagents., Lee JH et
al., Copyright © 2019.
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