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Bombyx mori Protein Disulfide Isomerase (bPDI) Protects Sf9 Cells from Endoplasmic Reticulum (ER)
Sl'ress. Tae Won Goo, Eun Young Yun, Sung Wan Kim, Kwang Ho Choi, Seok Woo Kang, Kisang
Kwon' and O Yu Kwon'. Department of Agrzcultural biology, the National Institute of Agriculture Science
and Technology, RD.A,, Suwon 441-100, Kores, 'Department of Anatomy, College of Medicine, Chungnam
National University, Taejon 301-747, Korea — In the previous our study, a cDNA that encodes protein
disulfide isomerase from Bombyx mori (bPDI) was isolated and characterized. bPDI has an open read-
ing frame of 494 amino acids contained two PDI-typical thioredoxin active site of WCGHCK and ER
(endoplasmic reticulum) retention signal of the KDEL motif at its C-terminal. Recent studies have
demonstrated that misfolded proteins are accumulated in many diseases including Alzheimer’s, goiter,
emphysema, and prion infections. bPDI was over-expressed or knock-downed in 59 cells to study the
relationship between bPDI expression and protections against protein misfolding. bPDI gene was
cloned in insect expression vector pIZT/V5-His for over-expression and bPDI double-stranded RNA
(dsRNA) was generated for knock-down. Over-expression of bPDI significantly improved survival
rate, but bPDI dsRNA transfection significantly reduced survival rate after 48 hours exposure. In
mock-transfected or wild-type cells had no significant effect. The results support the view that bPDI
is one of the important intracellular components for cell protect mechanism, especially, against ER
stress such as protein misfolding.
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Bl A EF= pIZT/V5-His A7 3-8 Ho|¥E] (Invitrogen)

o 4-3ted Al Zekich bPDI sh 4 FAAR Aol
A 235}7] $5te] bPDI #H A9 sense primere Kozak
HA S st MY AAZEYU ATGE T3 5-GGGG
TACCCCAAAATGAAGCCTATATTTITG-3' (31 mer)o 2
4519 0.1, antisense primer< pIZT/V5-His ¥ (Invi-
trogen)] 6xHis-tag 434 v ste MY FHIEA TAA
£ GAAZ Ao 5-GCTCTAGAGCGTAGACGTGAAC
CTGGCTGGCTGC-3 (34 mer) 2.2 A48T & §Ho e
bPDI QA 23& A5 HAoWEE A2E 93 sense
primer (5'-GGGGTACCCCTAACTCGTCITTGGCAGG-3'; 28
mer) 2, antisense primer (5-GCTCTAGAGCGAAATGCGT
GTTTTAATT-3; 28 men)2 §Atgth Zzte] Zefoli g
o]-&3te] PCR ¥H$-9 2]3] open reading frame (ORF)S ¥
3+ (DNA AUS ZEA7) F, pGEM-T W E] (Promega)
o S 9% bPDIS} AL AL $3 antisense-bPDIE
7z} 22 3te] pGEMT-bPDI ¥ pGEMT-antisense-bPDIE
A Zat g pGEMT-bPDI 2 pGEMT-antisense-bPDI9] Kpn
[/Xbal DNA AH& plZT/V5-His WE19] Kpn1 /Xbal
1o 49isted bPDIZF Hutd g oA 2HEHE ARG
% WA EF AS 9 HolWEd plZT-bPDI
plZT-antisense-bPDIE A &35} o}

=
=
=
=l

HANE =5 HSMEF HZt

SE9 Aol A FRABE HoluE (pIZT-HPDI
2 plZT-antisense-bPDI) 0.5 pg¥} transfection reagent! Tfx
(Promega Co., USA)E F7kete] 22X 158 wheAlAl
F, 0] ERAE AEFA FFsk] 27°TAAM 1AL A3}
i, FBS7F A7HE vkl & Bostich 4817 Fol A
doz wAG 5, AEFE 152 54519 g2 A
33 zeocin (400 pg/mijo] EFH wWigd & FrlstR e
, o 149) Fol GEP7} 8GN F 4] zeocine] A4
2 e 2zUE 49E & 99,

bPDI §3047} S£9 AE 9] Asrhel FFeA =95
QA B Satel AR BFPAEFEIE
genomic DNAZ B3y, o]AE& FYo.2 stof plZT-
bPDI @ pIZT-antisense-bPDI o] g] 2tAjo] AL4-H sense
2 antisense primers Al$-3le] PCRE 33 & 1 FH4¢
29 2712 Slasit 4338 25 AT A4 2
He 94 2 3AWH 23 ATFHE 27 total RNA
#2l5haL, 65ClM 1037 7kt MAAIZL F vl &
o Z+zt FYF 2 pgel RNAE blottingdt ¥, Prime-It II
Random Primer Labelling Kit (Stratagene Co., USA)& o] &
3o [«-PP] dATPZ %A DNAES ¥ o & Northern
dot blot B8 435ttt

l_.
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RNAi (RNA interference) 7]% & ©]& bPDIg] AAlx]
o} AAH ZF LGN EZF9) T AFstr] At A
A bPDI cDNA[4] ¢ 2319 &7] $1x)} 979 A7) $1) Ato]
£ PCRE ZE3}7] 9819 sense primere 5-TAATACGA
CTCACTATAGGGAGACACGGAGTACATTTTAGTTTG-3'
(44 mer) 0.2 A3} .2.0, antisense primere 5-TAATAC
GACTCACTATAGGGAGATCGATGGCGACGGTCATGAT
CF (44 mer)o.2 A)Z3tgT}. PCR whgo] oejy ZEg
Z 22 & MEGAscript™ RNAi Kit (Ambion Co., USA)Z
0]-&-3}e] bPDI¢] dsRNA (double-stranded RNA)E ] 2}3}
k=

=5 HME L] dsRNA =¥

T2 WA L Fo] A W) A= bPDI dsRNAE =
A87] §Y5ke] WA A2 bPDI dsRNAE Silencer™ siRNA
Labelling Kit (Ambion)E o]-&-3}¢] Cy32 X A% % 20 M
2 A3k 2% W SAZY dsRNAY =912 Sf9 Al Z
Fo] Cy32 #A¥ 20 uM bPDI dsRNA 2.5 pl9} trans-
fection reagent$l siPORT Amine (Ambion) 7 pl& &3]
1587 Aol A whg A7 F o] EgAe A xS HFst
o] 27ColA 2087 Ajsta FBS7h Hrhe wg & F7t
32 4A)7F o= FBS7F H7bd A wlkde = $ds W
A st Azg bPDIY] dsRNAZF &3 wjdA e A Ed
(cytoso)ol ASebA 9 HAeAd dF Fde WA
4 ,6-Diamidino-2-phenyindole (DAPI) (Sigma)Z M X¢]
S A & YFAu AL o] &ste] Cy3= %A € bPDI9
dsRNAE ##As9 o

AR wel 24

bPDI9] A WHEAS st F} AMEF, pIZT/
V5-His #Ej9k £ 9 A EF (S9-pIZT), plZT-bPDI =Yl
9J3) A bPDIZ} HAE = AXF % bPDIY dsRNA =9
o] 93] bPDIY HAA wde] JAlE AEZFZHE ztz}
total RNAE 2|5t 223 RNAZ 65T oA 1087
7heatd AN F ol 2 =l 775U 5 pge] RNA
= blotting3+ &, Prime-It T Random Primer Labelling Kit
(Stratagene Co., USA)E o] &3} [0-°P] dATPZ A3
bPDI & 185 rRNA §-A4-& &3 o g2 Northern dot blot ¥
4e =Pach.

SDS-PAGE % Western blot

A4 N3, plZT/V5-His #Ew £98 AT, pIZT-
bPDI %9 9JsiA bPDI7} g s e A5 2 bPDIY
dsRNA E9jo] ¢J3] bPDIS] HAMA o] AAH AITF
ZRH 29449 28 o585 gl 3 HE 49



HEE Zgste] g A795E AT AX g
A& 3|3l 2,000 rpmel| A 10382 A2 el ste] £AF
NEZE PBSZE 23] MH3tx, 28] $=9 @A Mg &9
(625 mM Tris-HCl, pH 6.8, 2% SDS, 10% glycerol, 5% p-
mercaptoethanol, 0.001% bromophenol blue)& E§3}1
100ColA 587t 7H¥sld AEE FHlstn AVYES
125% SDS-polyacrylamide 2o} $33}3 Coomassie
brilliant blue2 FA3 F &aste] Fastrh

Western blot A& 9]s}e] 12.5% SDS-PAGEe] A7|49%
< 83 F o|Z Semiphore transfer unit (Hoefer, TE-70)
£ o]-8-3lod PVDF membrane (Amersham Co., USA)o]} trans-
fer sl th. HEo]F el ¥I3-& w7 98] 25% skim milk=
12717k 53t blockingd %, TBS-T €+5< (10 mM Tris-HCI,
150 mM NaCl, 0.1% Tween 20)©. 2 5%-7F 23] A H 3}k
A2 & blocking &40 12} &4 (primary antibody)E 3
A AN doln Fed A 5A Fek v A AT
uhg-o] Byt & TBS-T $hZ3 A o2 o)A 10237t 53 A
A3l HRP (horseradish peroxide)Z EA|® 23 A
(secondary antibody)E 3] 43| A Ho] Fi1 F2o]A 1A
EoF vk A A ) ¥ 3 TBS-TZ A-&o)A] 1087t 53] A
23k &, A Wk-g-& ECL System (Amersham)S- 0]-8384
th. A xALe] A Aol wel solution A9t BE 112 412 89
o] PVDF membraneS o] vhg-A17l 3 Xray &0 7%

it AFs EHekgl

HAXMs ZSNEF M=

bPDIZ} A statdisle PAHNS 59 MEFY A2
bPDI frA Aol Kpn 1 2 Xba 1 29 M Y-S flankingA|7) %
BAH 88 Ho ¥l pIZT/V5-His (Invitrogen)2] Kpn I 7}
Xbal $1A]e]l bPDIE T3kl PAAS HojulE (pIZT-
bPDNE Al2Hek thg, SE9 M EFo] =3l Alatslg o
(Sf9-bPDI) (Fig. 1). &% FAX-E Mol g pIZT/V5-His
£ baculovirus 2798 FAxQ) IE1 ZZ 2 E 3} zeocin
AR frdAe} GFP 4271 §8 2dse 540 o
og, pIZT-bPDI7F =48 FAAS =M EF] Ade
Sf-9 M EZ0] zeocin (400 pg/ml)o] LB BjFAS i}
zeocind] A4S Ul E colonyE At &3t
FAuZF o2 GFP 28 g #2Fo 2N Hdslar} (Fig.

o
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2). A3 pIZT-bPDIVL £ AR ZFAEF= 4
A ZEMEZF7} zeocin (400 pg/ml) B7h o] FA A AL
g Ad vstd 4 AX FuE FAHM GFPE
Al e AL A% ¢ YAk o FA A
ARG AzFof Axdel bPDI fA27F &stA =4
HA=AE 437 $sto] genomic DNAE sy,
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Fig. 1. Construction of transfer vector, plZT-bPDL. The ORF of
bPDI was flanked with Kpn I and Xba I site, and then
inserted into the pGEM-T vector. The pGEMT-bPDI
was digested with Kpn [ and Xba I, and then DNA
fragment was subcloned into the Kpn I and Xba I site
into the immediate-early expression vector, pIZT/
V5-His to construct pIZT-bPDI. The pIZT-bPDI was di-
gested with Kpn I and Xba I (lane 1). M, 1kb ladder
DNA marker.

(A) (B)

Fig. 2. Construction of bPDI-overexpressed Sf9 cell lines, Sf9-
bPDI. The pIZT-bPDI transfer vector was transfected
into Sf9 cells, and then GFP expression and zeocin re-
sistance colony was selected. Panel A; Normal cells
were treated with zeocin (400 pg/ml). Panel B; The
Sf9-bPDI cells were selected by treatment with zeocin
(400 pg/ml) and GEP expression. Sf9 cells were photo-
graphed under fluorescence microscope (x200).

SRR

ol FYLZ PCRE #Ysto 1 FHAEY A7]E EQl
8¢tk PCRS A AR oW e AZHA] AHE-g bPDI pri-
merE ARt F38lgit PCR S48 #1¢ A3, 4
A AEF 9 plZT/V5-His #HE 2 £" A X F (S9- 1ZT)
dME ojuld PCR AE % 398 4 gigl.ov, plZT- bPDI
7} 2919 FAAS 2% HETF (SH-LPDI)o] A= bPDIY]
g3 F5ig PR $E44ES &% 4 3lo] bPDI #32}
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7F 59 AZF9] Asdd FFeA EAHUFS AU
4 AT} (Fig. 3A). TF AXF A2 =€ bPDI &
A7t AesiA XA 2 G s ddsteAE gdst
7} st B4 AL, plZT/V5-His HE T =4 d A ELF
2 pIZT-bPDI7L =4E ARG ZFALFI distq]
Northern dot blot 2 Western blot 24& 483 A=, &
AATF o} pIZT/V5-His W B AZFAAE o
o bPDI AP % bPDI A S BT 4 AYA
PIZLLPD £98 3AS 2FALFINE 5
bPDI A4 2 bPDI @& #1% 4 3 (Fig. 3B
and 30). WetA o 4¢] AR Y AXY AR ATF
£ bPDI #3847 AEUE B Ao A 2
wudz SEEtE e FAT 5 dlol, THATY ¥
A 444 bPDIS] 9% a8o) Abgahelh

E FHOZ, bPDIL FA] oA B FAAE SO A
3 AZL bPDI f8A ] Kpn] % Xbal 29 NE2
flankingA| 71 % ¥ 2484 Ao|¥ElQ] pIZT/V5-His (Invi-
trogen)e] Kpn 13} Xbal $|X|o] bPDIS} ekl anti-
sense bPDIZ T35l FA A FAo|H g (plZT-antisense-
bPDNE A &g thg, SH9 HEFA =43t AlFsAt
(5f9-antisense-bPDI). Ho|#HE] (plZT-antisense-bPDI)7} &=

(B)
1

Fig. 3. PCR screening (A), Northern dot blot (B) and Western
blot analyses (C) for bPDL Panel A; PCR screening of
the normal Sf9 cells (lane 1), Sf9 cells transfected with
pIZT/V5-His (Sf9-pIZT) (lane 2) and pIZT-bPDI (S£9-
bPDI) (lane 3), respectively. PCR was performed with
sense and antisense primer used in construction of the
pIZT-bPDI transfer vector. M, 1 kb ladder DNA maker.
Panel B; Northern dot blot analysis of the S5{9 (lane 1),
Sf-pIZT (lane 2) and Sf9-bPDI (lane 3) cells. Total RNA
(5 ng) from each sample was transferred onto a nylon
membrane. Hybridization was carried out using 0P
labeled bPDI as a probe. Panel C; Western dot blot
analysis of the Sf9 (lane 1), Sf9-pIZT (lane 2) and
Sf9-bPDI (lane 3) cellular proteins were performed us-
ing anti-serum against the His-tag. The protein samples
were subjected to 12.5% SDS-PAGE, electroblotted, and
incubated with anti-His-tag antibody.

JE TEMAEF AEe bPDIZF A HRHHE TFA
3 ALy 59 o Fasie} Adsiich F A
& pIZT-antisense-bPDI= £91¥ M EFE zeocin (400
pg/ml) F-7} wjFeio] diste] AFAHE vehliglen GFP
W T 3018 & glo] A& Sf9-antisense-bPDI A Z 3ol o
3 EXNEMS 93t PCR H¢ 2 Northern dot blotS 4
8519t} PCR 4=3) A3}, antisense bPDI7} &M £ 9 AlE
ol FgstA ==l &S AT & AT ¥
& AT Asud Y antisense-bPDI7} bPDIS] &
AL AAstEA Felstr) 945t Northern dot blotS 4783
g A3}, plZT-antisense-bPDI7t £YH FAAE ATFE
34 AEFY pIZT/V5-His 9ET £98 AZF9 sz
sfo] %2g bPDI o4) E3+E LehlAlE £aHT (Fig. 4)

PDI2 dsRNAZ} =& ZEMZF HE

A7] Ao A antisense bPDI] T3]0 ¢J3)A & bPDI2]
A 2 S AND § ol, 24 Agd 2dFAA
9 AAE Y& S Yo o] & H T YE RNAi 7)Y
& o]g3}e] bPDIY AALA] wdol AAd MEFE A)Z3}
17 3tgth o] & $)ejA WA bPDI cDNAS] 2314 7] 94
o} 979 971914 Abo]§ PCRE. ZE@ Fof o] ZENES
in vitro transcriptiong 483t} bPDI9] double-stranded
RNA (dsRNA)E AZst4lch (Fig. 5A). #12H3 bPDIS) dsRNA
= 9449, nuclease 3z ¥ columng o] &3t w485}
o, Cy32 FFEAT T AU =9adth =98
bPDI9] dsRNA7} M X Z&stA EHHAEAE &dst
7] 98k, AT #S DAPI (4'-6-Diamidino-2-phenyl-
indole)2 |43 § JFArAE o] &3t Cy32 FFH

(A)
Mi23

bPDI
§ 185 rRNA

Fig. 4. PCR screening (a) and Northern dot blot (b) analysis
for bPDL Panel A; PCR screening of the normal Sf9
cells (lane 1), Sf9 cells transfected with plZT/V5-His
(5£9-1ZT) (lane 2) and plZT-antisense-bPDI (S{9-bPDI)
{lane 3). PCR was performed with sense and antisense
primer used in construction of the plZT-antisense-bPDI
transfer vector. M, 1 kb ladder DNA maker. Panel B;
Northern dot blot analysis of the Sf9 (lane 1), Sf-IZT
(lane 2) and Sf9-antisense-bPDI (lane 3) cells. Total
RNA (5 pg) from each sample was transferred onto a
nylon membrane. Hybridization was carried out using
o-P labeled bPDI as a probe.
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Fig. 5. Generation of double-stranded RNA (dsRNA) for bPDI
expression regulation (A) and Construction of bPDI
knock-downed Sf9 cell lines using dsRNA (B). Panel A;
the region selected for bPDI gene silencing was from
231th to 979th nucleotide. The region was added the T7
RNA polymerase promoter sequence at both ends us-
ing PCR. It was used as a template for in vitro tran-
scription with T7 RNA polymerase. Lanes : M, 1 kb
ladder DNA marker; 1, dsRNA 2, heat-treated (75T, 5
min) dsRNA 3, nuclease-treated (DNase and RNase)
dsRNA 4, purified dsRNA. Samples (1/400th of eluted
dsRNA) were analyzed on a 1.2% agarose gel, stained
with ethidium bromide. Panel B; purified dsRNA to
bPDI was fluorescently labeled with Cy3, transfected
into Sf9 cells, and analyzed by fluorescence microscopy
(x400). DAPI stained nuclei (blue) (left panel). Cy3 la-
beled bPDI dsRNA (red) (right panel).

¥ PDI9] dsRNAE ##sl4d). Cy32 d3FEAH bPDI
9] dsRNAE DAPIZ g% AX & FHe AxAd) A5
A EYH AFS AT 5 A} (Fig. 5B). =UH
bPDIS] dsRNA7} bPDI HAA 2& & A=s6A QA4 A7
A #91%l7] Yste], Northern blot ¥Ao] <3 bPDI
dsRNA E9] A|7HE 2 bPDIS] AAH 2HS galstyh
bPDI A wrd-& bPDIS] dsRNAV} S H 48417+ o)
ZE3A A E o 7247t o] F )= bPDIZ} A @E )
U2 HAY 5 3lo] (Fig. 6), TFATY HAAG A A
/42 bPDI®] 9% 3| 4o A}8-5} )

SMIZL HIEACHIE MMA| bPDIQ &t

SHAEY B dd AAA] bPDIY | 4S9
skt A4 MEF (S19), pIZT/V5-His Wl =8 HEF
(S9-pIZT), pIZT-bPDI =3¢ 9]3]A] bPDI/} A= A
EF (Sf9-bPDI) & bPDI9] dsRNA E$]oj 2]3] bPDI2] &
AR wrgo] AAE MEF (S9-bPDI-dsRNA)S| disulfide
A A& A 5 mMe] DTTE A 2]3ta] 4847} o] Z o) 7}
zke] Ao tjste} A& &S ZAEG T bPDIL iy
© AEXFE HAAEFY plZT/V5-His WEw 9" A
T vlste] A& Lol Y53 HgAT (> 30%), bPDIS
HAALA wrgo] Al E MEFE 9318 FAAEFY plZT/
V5-His WE ¢t A ® A EFd) v|sle] HE&Fo] o 15% ¥

2}
—
aL
i
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1858 rRNA

Fig. 6. Temporal regulation of bPDI mRNA by bPDI dsRNA.
Sf9 cells grown in a 6-well culture dish were trans-
fected with dsRNA to bPDI. After 4, 24, 48 and 72 hr
following transfection, the cells were harvested and an-
alyzed by Northern blot analysis for both bPDI mRNA
and 185 rRNA. Total RNA (5 pg) from each sample
was transferred onto a nylon membrane. Hybridization
was carried out using a-"P labeled bPDI as a probe.

% surviving cells

SfO-bPDI  SP-bPDI-dsRNA

s SP-pIZT

cell types
Fig. 7. Cell survival test against dithiothreitol (DTT). Cell sur-
vival of normal cells (Sf9), Sf9 cells transfected with
plZT/V5-His (Sf9-pIZT), Sf9 cells transfected with
pIZT-bPDI (Sf9-bPDI) and Sf9 cells transfected with
dsRNA for bPDI (5g9-bPDI-dsRNA) were treated for 5
hr with 5 mM DTT.

t} (Fig. 7). 0|9} & Az 2 M, bPDI= ERY| misfolding
WA YA AFFToZHN TF o ERSEF B35 #
g Zolgt 4% 4 YAk

g X2

2 o

bPDI7} ERY] misfolding ©9l &) 4AS A&stozy
TEHAF BAEIEAE s3] 95te bPDIV} it
{overexpression) ¥ & ZF AL F9} 0|9} vioiE bPDIZ} o
Al 2@ (knock-down)s = ZEFNEFE A Fste] bPDIV}
LW FAF=AE f4sqe}. bPDI} ey e
A EZ (S9-bPDI)y= M ESF (SO} pIZT/V5-His #
ok =91 MRS (S9-pIZT)o) HIste] AEFo] 30% o]



1134 ‘3B AEL|X| 2007, Vol. 17. No. 8
=9kA g, bPDIY] HAMA wdo] A" AEF (S9-bPDI-
dsRNA)= 233 FAMEFy plZT/V5-His ¥zt =9
H AEFo vlste] AEFo] of 15% RYTh of} 22 2
724, bPDIE ERY misfolding 929 A4 #gge
MW Z3F9) ERSEY} WA #ET Aojg Y = 3
At
ZAe 2
B AdFe 5EAEH nlo] a1 U2AY (FAWI: 2007
0401034024) ¢} = el 93] o] Fo) Y

o

]
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