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For the production of the recombinant human interferon-gamma (thIFN-v) in Escherichia coli, human glucagon and ferritin
heavy chain were used as fusion partners. Even though rhiIFN-v is expressed as an inclusion body form in E. coli because
of strong hydrophabicity of itself, over 50% of fused rhiFN-v was expressed as soluble form in E. coli OrigamiTM (DE3)
harboring pT7FH(HE)-IFN-y which encodes ferritin heavy chain-fused rhIFN-v. In the case of using glucagon-ferriin heavy
chain hybrid mutant as a fusion partner, 6X His-tag was additionally introduced to N-terminus of GFHM(HE)-IFN-y for
enhancing purification yields of rhIFN-v. Fusion protein HGFHM(HE)-IFN-v with two 6X His-tag was more effectively bound to
Ni-NTA agarose bead than GFHM(HE)-IFN-y with a 6X His-tag. rhIFN-y was completely purified from enterokinase-treated
HGFHM(HE)-IFN-y by Ni-NTA affinity column. For high-level production of rhIFN-v, glucose was used as the sole carbon
source with simple exponential feeding rate (2.4~7.2 g/h) in fed-batch process. The effective lactose concentration for the
expression of the rhIFN-v was 10~20 mM. Under the fed-batch culture conditions, rhiFN-v production yield reached 11 g
DCWI/L for 6 hours after lactose induction.
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Az IFN-vo] TdE 98 AME3 FFE E coli
BL21(DE3)[F- ompT hsdSB (B-mB-) gal dem (DE3)]¢}
Origami(DE3)[Aara-len7697  AlacX74  AphoAPvull  phoR
araD139  ahpC  galE  galK sl  F’[lac+(laclq)pro]
gor522:Tnl10(TcR)  trxB:kan(DE3)]E  A}-8-3} 9 th(Novagen,
Inc. USA). IFN-v§-AHA9] cloning @ #FHEAde] Q3
W] 2= Luria-Bertani (LB) ®A| (bacto tryptone 1.0%, yeast
extract 0.5%, NaCl 1.0%, pH 7.0)02 Al&3stgom, Hgoj
wEk 100 pg/ml 59 ampicilling H748le) A3k
IN-vel A ARSI s A f714 Wkl A
ALE-gE Wl ZA) L Table 17 29ton, Trace elementsi
15 mLe] T Z wjR|o] H7tsigrh.
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E. colie] Zat2zmnjeke 100 mle] LB wjA7L 5o 9
= 500 mi baffled Se}AANA 10 mle] Zujokds #
F3ta] o]Fojxomn, 37T rotary shaker (SI-600R,
JeioTech, Korea)ol| 4] 180 mpme} £5 & wuksld A )3}
gt} 5 L WA= (KF-5L, KoBioTech, Korea)o 4] uj k&
Table 17} @& =] 1.8 Lol Zu] g 200 mlEs HEs}
& 300~800 rpm o 2 WRFSIHAL 37TCoA wds AT W
ojal o] pHE 30% ¢RUoISyE RAZGOH LZAZE
LS-303 (Dow Corning, USA)E AM&-3t%th w3 &334
e Fr|EsT e 30% oo g FASPeH 30% o]}
2 "od e £4AE AMEE 30% oo ® fA3
At

Table 1. Medium compositions for the production of recombinant
human interferon-gamma in fed-batch culture.

Batch media (g/L)

Feeding media (g/L)

Yeast extract 5 25
Casamino acid 5 20
(NH4)2S04 5 20
K;HPO, 3 15
CaCly’ 1 18
MgSO," 0.5 57
Glucose” 20 200
Galactose” 200
Trace elements (g/L)m
CaCl; - 2H0 132
FeSO, - TH,O 84
MnSQ, « 7TH;0 2.4
ZuS0; -+ TH:0 2.4
CuS0;, - 5H,0 048
CoCl, - 6H,0 0.48
NaMoO; - 2H,0 0.24

Adjust pH to 7.0 with 10 N HClL
"To avoid precipitation, CaCl; and MgSO, were separately
sterilized.

“Glucose and Galactose were sterilized at 110°C for 20 minutes.

“"Trace elements were dissolved in 1.0 N HCI solution and filtered
with 0.22 pm filter.

Enterokinase U2 >=A

FEIHEY/ AA"E EHEdds A7l sy
enterokinase (E180-01, Invitrogen, USA)E A}8-3}a] A FA}
A AT AREHEPE] wel pH shiftol] o) 71-&8td
RS ddedth 2w E4hgE Juldy S
28 714 5879 xA0z 9" FFEHA 20 pgol
el 2 0.5 unitE ARS8k 30TolAM 10417 B3t 73
< P4

i 1= s ES
s-@?ﬂ'*Q A el IPNvfAAE A8Ts
cytokine bankZFE Rofurglorn B gy Oﬂ"i B4
&}L 9= Zalan = pTIGIHEML2Fig DE ZAZ 3
o} Sambrook Eeo] 7]%3d ¥WPH@2Do] we} Table 2049}
e IFN-v 28vectorSS A %3549t NCBI (National
Center for Biotechnology Information)oll WX H <17t -2 <]
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IFN-v  H349 drjddeiE 7vtes gt
Xhol/Clal M g&EA F-9E 7IA%E PCRE F335on,
dolzl PCRAHEE pGEM-T vector (Promega, USA)o|
cloning3}${t}. TA cloningS 3 AM¥y #F2HEH 2
g Zel2vEE AFEA Xhol# Clalg FA|o X 75t
EAGHS AUtk 4o 9HE pTIG3HE)-IL29 A
Xhol 3 Clal& A3t IL2HES AAT HE LR
A9l o =M pTIG3HE)-IFN-vE A zstgch 39, izt
o] 7 (liver) 2Z 0 ZHE Aol cDNA ojxggzi
B < @ho] Ndel/Xholo] ¥ & PCRS 43)5}od ferritin
heavy chain ©HE A%t Lol BHL TA cloningS
FRs] FFE HEsa o|ERRYH UL Efdan=E
A AL Ndel/Xhol & FAlo) sty ZHGANS A
t}. pTTG3(HE)-IFN-yo] 4 Ndel#} Xhol2 Hejsted 227}
T AFAE AASR 479 HEREEY EFdng A4
go 24 pTIFHHE)-IFN-YE A %3}4t}h. Femitin heavy
chain hybrid mutant& Q7] 93} ferritin heavy chain®] N-
T FEoX 8t a-helixE A ASta 9 deto] EcoRI
7 Xholo] =H%2 PCRE F38l9ct TA clonings] <3|
Ao PCRAMHES EcoRIXhol A3l ZATHL AY
o0, pTIG3(HE)-IFN-YZ A3t & A EcoRI#Z} XholS FA]d
AE)ste] g /)9 glucagon #-AAEbo] EAEE HERE
of EAYAL AYste pTIGFHMMHE)IFN-vE A 23
t}. Glucagon®] N-ZEE o] 6X His-tagd F712 AHQls
EX0F 6X His-tago] %1 primerE §4 8t glucagons
F3 0 PCR(Ndel/EcoRD)S 33t ATh TAZ2 YL X3
do}A PCR producti= Ndel/EcoRIS.E &} EATHS o
o, pTIGFHM(HE)-IFN-YE Ndel/EcoRI 0 2 = 25t
4o ey FE Ao pT7HGFHM(HE)-IFN-vE
aATt

Table 2. Plasmids cited in this experiment

Source or

Relevant Characteristics Reference

Vector Name

Cloning vector for PCR products

pGEM-T vector Amp'

{ Promega

Backbone plasmid with T7
promoter (T7), three glucagon
gene (G3), 6X his-tag (H),
enterokinase gene (E) and human
interleukin-2 gene (IL-2); Amp"

pT7G3(HE)-IL2 Our Lab.

Substituted interferon-gamma gene
(IFN-v) for IL-2 in
pT7G3(HE)-IL2; Amp

pT7G3(HE)-IFN-y This study

Substituted Ferritin heavy chain
gene (FH) for G3 in
pT7G3(HE)-IFN-v; Amp'

pT7FH(HE)-IFN-y This study

Substituted a glucagon (G) and
ferritin heavy chain mutant
(FHM) which removed an
N-terminus @-helix for G3 in
pT7G3(HE)-IFN-v; Amp’

pT7GFHM(HE)-IFN-v This study

pT7HGFHM(HE)-IFN-y H inserted between T7 and G in

pT7GFHM(HE)-IFN-v; Amp' This study
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SDS-PAGEE 0| 85t 88Tl Al o] 24

AZH plasmidE-& o]-§3l4 E. colio] ] LdAZ &%
G5l enterokinaseE A €]3} Ay} affinity  column
chromatography S %3] AA]¥ IFN-vE Ausubel F. M. %9]
71&8 He3)0) wEl Tris-glycine $4EAAOA  12%
polyacrylamide gel2 EAd¢ch P a 221 markers
+ SeeBlue® Plus2 Pre-Stained Standard (LC5925, Invitrogen,
USA)E AbE3HST

. Clal
Hind NI

" 6XHis-Enterokinase
BamHl Xhol

Figure 1. Map of the mother plasmid used to construct expression
vectors of human interferon-gamma.

Western blot analysis

Ty duldo] AAfH INvYE A&7 95ty
Ausubel F. M. 50| 71&3 43 (23)0] w}2} western blotS
4334t Anti-v-interferon  (#407309, Calbiochem, CA,
USA)E 13 3A|2, goat-anti-mouse IgG-AP  (sc-2008,
Santacruz Biotechnology, CA, USA)E 2z} FA|2 ALY
o, z+7+e] 84|+ phosphate buffered saline (pH 7.4)) 1 :
100002 3435t ALgstgint el & FFEARE
= gRwe] AMEl:s AxE QAF  v-interferon
(#407306,  Calbiochem, CA, USA)E Al&3lgow,
Immobilion-NC membrane (0.45 pm, HAHY 00010, Millipore,
MA, USA) o2 oAzl T¥dEL  AP-conjugate
substrate kit (#170-6432, Bio-Rad, CA, USA)E AMg-ale]
5 A IFNvS glstydch

A MY, vl W Setchndlel MA

Sambrook 9] 7]€3 w29 uwal BL21(DE3)<%}
OrigamiTM (DE3)ell 279 plasmidES FZAEAI o
%, 100 pg/ml ampicillino] 6] Y= LB A 3
AAgFFES AEHTh AEE #FEL FTHES
AA 10 ml& 100 pg/ml ampicilline] Z7}¥ 100 ml LB ®f
Ao HE ok 37TolA 180 rpmo 2 wlk3I ok Wl
ol o] OD6007} 049 W IPTG (isopropylthio-B-D-galactoside)
£ A7l AFFE 04 mM)Et AXH fRAe LS
FEstdth IPTG 7t & Y8 A 4AHS ayt
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Hjgstel WAooz gAS Fetgoh

B =
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Ao Heslte] 2S1 3H4)7) (Misonix, XL-2020, USA)E
s adeh. F A thA] 15000 pmell A 15837 Q4
Eelstel A5dn JAES 474 Eeld § SDS-PAGE
(12% Tris-Glycine g% 3} +848as P48 B3
Ak 3k glucagon A=A (G3)9) glucagon-ferritin & A3 A
(GFHM)E ST EUE A3 dF2RH I3 AL
HFds A9 5L oz F5d3 AABS
47y Bt 2EE AAHELS 1% Triton X-1000.2 2
3 AHste] REIE BEEES AAGGOH, 244 @
B SHAR g8 AHES F3FFe NaOH (pH 12.0)
0 degsty delAdS A HAA T Y AL

AN ok 1A AE PARAG. wAE ewdse
refoldingA| 71 7] 1sf @4 e] pH7L 8.0 HZo] & w71
2 o3

=
IM Tris-Cl (pH 8.0) #5882 H7}gk 3 15000 rpmoi A
1583 9489 stglor], 94 45dezry #4309
prd
=

A& SDS-PAGE (12% Tris-Glycine gel) Aol 4] 241519t}

T84 M= WA U IFN-vo| HA|

Azt FHDHAT] A4 Eg 2 FAE Ni-NTA
agarose bead (Qiagen, Germany)$} Chelating Excellose Spin
Kit (Bioprogen, Korea)E o]-83tHom, A zAldA A st
AR wel EARduide) B HAE Py
IFN-vo] AAAAE 3} EK-Away Resin (R180-01,
Invitrogen, USA)2. 2 JFIEYE A A7 Y3 Aled
enterokinase £ A 7 8} c}.

.

=}

25 3 nF

T84 IFN-vy UsHE{o] My

AA FH;e IEN-vE DEHAF 7] 3] femitin heavy
chaing §HHEUE A3t AL F44 A
2 wEAZAL, 9E Sde glicagon AEFA 2
glucagon-ferritin -~ E4AE  AME3ld  BEA  AA
(inclusion body)Z oS Fx3t4c)

GlucagonThe §HHEUE AME3t A2 @At
A7t AgEE FUANA 1 59 AxY dRAS dn
24 39" wF (PTIG3HE)-IFN-v)= A Aoz A 23%
duld g Ayisle B £29 B84 SRAE A
o, Fig2 (o A9h o] pH shiftE £3F 48340 gl
ofA ¢ e 84S HolHM fREY AZY oW
Zo|] aggregatesZ FUAPL T 4 Ytk whA
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ferritin heavy chaing | EUZ ALg3te] 84 Wy
& $538 @% (pPTTFHHE)-IFN-Y)o| A& Fig. 30|49} 2
| AA dEE AzF IEN-v 50% o4l 84 A
2 3EgSe &A% & ATk

o

(A) (B)

Figure 2. Effect of glucagon and ferritin heavy chain on the solubilization
of fusion proteins (Fusion protein G3(HE)-IFN-v (A) and
GFHM(HE)-IFN-y (B) were solubilized after pH shift treatment,
respectively).

(Kda)

64

50
je—— FH(HE)-IFN-y

36

Figure 3. Confirmation of the content of soluble protein from
pT7FH(HE)-IFN-vy transformants (pT7FH(HE)-IFN-v was transformed into
E. coli BL21(DE3). Fusion proteins were expressed under control of the T7
promoter in E. coli BL21(DE3) at 37°C and induced with 0.4 mM IPTG at
cell growth 0.De=0.4 for 4 h post-induction. Transformants (A), (B) and
(C) were randomly selected and disrupted by ultra-sonicator. W, whole cell
lysate; S, soluble fraction; IS, insoluble fraction).

BL21(DE3)

QOrigamiTM(DE3)
I | f
M W S IS W S IS

(Kda)
50

% FH(HE)-IFN-y

Figure 4. Expression patterns of the fusion protein FH(HE)-IFN-v in
BL21(DE3) and OrigaijM(DE3) (FH(HE)-IFN-y expression was carried
out in 50 ml LB broth with E. coli BL21(DE3) and Origami™(DE3),
respectively. Cells were induced with 0.4 mM IPTG at cell growth
0.Dgp=0.4 for 4 h post-induction. W, whole cell lysate; S, soluble fraction;
IS, insoluble fraction).
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EE glucagon-ferritin EAMNE B3 =3 Aol vt
& #=3 #F (PTIGFHMHE)-IFN-v)o M= Fig. 2(b)o]
A9} o] in vitro refolding ©]Fe] 1 F&Alo] W =7}
B e Yk wekAl in vito refolding o] % 8
ol AA3] "7 aggregates® 4 HE pT7G3(HE)-IFN-
vE AelEa $840] F4%E pTIGFHMMHE)IFN-vy 2
PT7THGFHM(HE)- IFN-vo} 4874 2@E Exoz ghsof
2 pT7FH(HE)-IFN-vo] tls)A] IFN-ve] ua e AEslgot

2 3 4

' < GFHM(HE)-IFN-y
G3(HE)-IFN-y — ;

(8)

Standard IFN~y dimer _,. e | & GFHM(HE)-IFN-y

Standard IFN-y — -_—

Figure 5. Effect of fusion partners on the fusion protein expression
and solubilization. G3(HE)-IFN-v and GFHM(HE)-IFN-v were expressed
under control of the T7 promoter in E. coli BL21(DE3) at 37 C and induced
with 0.4 mM IPTG at cell growth O.Dgy=0.4 for 4 h post-induction.

Panel (A): Both proteins were analyzed on SDS-PAGE. lane 1, total
G3(HE)-IFN-y protein before pH shift; lane 2, soluble fraction of
G3(HE)-IFN-v protein after pH shift; lane 3, total GFHM(HE)-IFN-v
protein before pH shift; lane 4, soluble fraction of GFHM(HE)-IFN-v
protein after pH shift.

Panel (B): Soluble GFHM(HE)-IFN-v protein was confirmed with
western blot analysis. M, molecular weight marker; lane 1, Standard IFN-
7 ; lane 2, supernatant before pH shift; lane 3, supernatant after pH shift,

Host M&tM HE

Az oid dde 98 host ATAHES AES ] 9
& gutdgo = Al45¥ BL21 (DE3) o}9]d] E. coli K-12
Age] FFZA thioredoxin reductase (rxB)} glutathione
reductase (gor)o] EFHOE 71X o] Y¥A Yo o
g3tad Fdel A Hojd: #F¢  OrigamiT™M
(DE3)& o] &3te] 8499 AZF ¢35 IFN-ve w3 A}
< AEIH

Fig. 4o X ¢} Zo] IFN-ve] w3 2 g =2 %9}
21}, OrigamiTM (DE3)@Foll X 2A¥ %3 §3 IFN-

ve] 50%¢)4o]l 84 ez EATL FAF 5 Y%
o, ¥t BL21 (DE3) TolME 20% Fsute] 484
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FHE EATS AT § A AV AHE vg e
2 OrigamiTM (DE3)#ZFolA A ZF IFN-ve] @A ES
SAFI7] Feleg Az wde Ngg B 6X
His-tag& 37}34dth z2€v) BL21 (DE3) @5 A& 30%
o]gol AxF IFN-vZ HHEG 21} OrigamiTM (DE3) ¥
FoMe Edo] wj AxIgoen T A{Z BL21
(DE3)d]] H]3}l] =2 cell massE Eo]Z tHdata not shown).
o|218t WA OrigamiTM (DE3) 737} AZF IFN-ve]
932 metabolic burden(24)0. 8 WolEol= AoFA B
oFE AZF IEN-y i ZFy4E AT sFAEEAE 4
HF3tA & Ao AR HI

Rz IFN-vo 22|
Az NV Axogdoayie Astd AHE& 53
A Aoz Baegrl Glucagons §FFJEVE 71X
i 9= GFHM(HE)-IFN-v$} HGFHM(HE)-IFN-vE inclusion
bodye] |2 E-E&A9 SFUERIAEL A7 wf &2l
pH shift (12—8)E %34 in vitro refolding &, YAHEF 5}
o A=dE 23dt9ow, FHMHE)-IFN-ve} FHHF)-IFN-vE=
F44 288 el i 259 34 F 448
& B3t cell debriss AAF F5HE F3td Ni-NTA
agarose bead column¥} Chelating Excellose Spin KitZ %3}
A 7A7te AzgRu A AAFAT Glucsgon 454 E
SHHEUE AMEE A9 glucagonferritin EAAE &
HIEVE ALES Fo FETWE SAFT pH shift
g B3 4oz FE3td ¥ g vwEP.
Fig. 5(A)o] A9k 2o glucagon AEAE FFHEVE A}
£ 3} G3(HE)-IFN-ve] 4% glucagon-ferritin EAAE §3
G EYZ AMS-3H GFHM(HE)-IFN-vE T §8 ez o) 3y
go] #A3 Hlow(lane 1) pH shiftE 53 #8318 o
HAe A T 5 §lATHlane 2). GFHM(HE)- IFN-v
o A% % 30% 7}Ho|l 483 FHoW(lane 4) o]ES
western blotting S E3) 22 4 JArkFg. 5B)). ol
glucagon®} EAE ferritino) §3 IFN-ve] 84S F7}1A)
e RO E At dth

Ferriting | H¥HFEUZ 4§35 Aes 57 duds
FEAoE FPAAHOY F Y BY F olx AdA=
EdHoz Bor) olRolAA Uty oY SRREY
N-2ehol] 6X His-tage] 3}y o 57}¥ HGFHM(HE)-IFN-v
vho] g} o g By} o]Fo] A THdata not shown). °o]=
pT7THGFHM (HE)-IFN-vE #| 9|3t o2& plasmido| A= &%
g WAl 6X His-tago] §FFEV S Sl
IFN-y Apo]ol] ERgoaxn FFaHd B3 o) o5
29 ko] W& ol N2+ A5 &5 AR o] F
A Xg AoZ A4 oHTh ¥iHe] pT7THGFHM(HE)-
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Ast7l s @HE B asdl enterokinase ¢1439E
THRYEUS IFN-y Alolo] %45} 49c)  Enterokinase=
Asp-Asp-Asp-Asp-LysE Q121 ¥-2]2 3}i= serine protease = A]
AAFH Y C-2FHS A=E E3 g4 0]t Enterokinased]
IFN-voll t]3F non-specific cleavage o5& 391317 98
EF=2E E coli #¥9 ARF IFN-v (Calbiochem,
Germany)E ©]-&3}od dul A4S 33 A3}, non-specific
cleavage® QI3+ IFN-vo] £42 glv Aoz g o
< Ao AF£35gHdata not shown).

S92 HGFHM(HE)-IFN-VE enterokinase® ) 2] &} o
SHEN A INVE R, ZAsT. Fig 6oA 9} 2
o] pH shift® E8j4 483147 HGFHM(HE)IFN-vS
Ni-NTA affinity column chromatographyE Ea) A A A3 o}
+r(lane 1), enterokinase® A3} (lane 4) EK-Away Resin
2.2 enterokinaseE Al 713t F Chelating Excellose spin kit
E olgsto Afra AxF IFNvE 9 FAstg
(lane 2). EnterokinaseZ HGFHM(HE)-IFN-vE At
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Figure 6. Purification of IFN-y from fusion protein HGFHM
(HE)-IFN-y  using  affinity column chromatography (HGFHM
(HE)-IFN-v  digested with enterokinase at 307 for 10 h and
enterokinase was removed by EK-Away Resin. M, molecular weight
marker; lane 1, HGFHM(HE)-IFN-v after pH shift; lane 2,
flow-through (purified IFN-v); lane 3, eluent; lane 4, enterokinase
digested HGFHM(HE)- IFN-v).
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Figure 7. Effect of various concentrations of IPTG (panel A) and
lactose (panel B) on the expression of HGFHM(HE)-IFN-v (Fusion
protein  HGFHM(HE)-IFN-v was expressed in E. coli BL21(DE3)
harboring pT7THGFHM(HE)-IFN-v at 37C and induced with various
concentrations of IPTG and lactose at cell growth O.Dew=0.4 for 4 h
post-induction, respectively).

Panel (A): lane 1, uninduced whole cell; lane 2, 0.001 mM IPTG;
lane 3, 0.01 mM IPTG; lane 4, 0.1 mM IPTG; lane 5, 0.5 mM
IPTG; lane 6, 1 mM IPTG

Panel (B): lane 1, uninduced whole cell; lane 2, 10 mM lactose;
lane 3, 20 mM lactose; lane 4, 50 mM lactose; lane 5, 70 mM
lactose; lane 6, 100 mM lactose
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Figure 8. Cell growth (A) and expression patterns of the fusion
protein  HGFHM(HE)-IFN-y (B) during the fed-batch culture. To
measure the cell growth and analyse the fusion protein expression
pattern, 10 mi of culture broth was taken every one hour. U,
uninduced sample; T1~T7, every one hour sample after lactose
induction; M, molecular weight marker.
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