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Expression of Human Cytochrome bs in Zebrafish
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In this study, we sought to develop an effective cloning system by which human cytochrome bs (cyt
bs) is introduced and expressed in zebrafish. First, the 414 bp human cyt bs gene was amplified from
RNA extracts of HeLa cells using RT-PCR, and the amplicon was subsequently sequenced to confirm
that it was intact. Next, cyt bs was cloned into the pEGFP-N3 vector, which also encodes a fluorescent
gene. One-cell stage zebrafish embryos were microinjected with the recombinant vector containing the
cyt bs gene. Fluorescence microscopy confirmed high expression of the fluorescent gene in the injected
fry compared to the non-fluorescent control fry. Finally, we extracted RNA from the injected fry and
performed RT-PCR to determine whether the human cyt bs gene is expressed in the transgenic
zebrafish. Sequencing analysis further confirmed that the cloned human cyt bs gene was intact. The
transgenic zebrafish model produced in this study will be a useful tool to study therapeutic ap-
proaches to cure various diseases related to the deficiency of functional human cyt bs as well as tools

for cloning useful genes in fish.

Key words : Cytochrome bs, HeLa cell, methemoglobinemia, pEGFP-N3, zebrafish

ME

Cytochrome bs (cyt bs) 8= AA o2 22 oA LT

T housekeeping gene©| ™, Cyt bse= AAHNZEALEA
&g st nkgo] fojgh. Cyt bsd FAAE chromo-
some 18W ol YA 3H[8], & 6 N exonSZ o] FolA Yt}
[16, 26]. Cyt b;;t— % 7}11 Y E Zed 2d e FLAT

AXA AFHE , & membrane bound domain &
o we} membrane bound form3} soluble form¢] T 7}A &
A o] 2 tH6].

Cytbst F2 713 oA B A77F g Hof it
ol Zro] AU FH Hiolw, AL A Huko] 4
A% FEe 2WEte 8T gL e FIEta 7] fEol
th. Membrane bound form®| 7 7t A} cytochrome P-450
o] £z13l+ hydroxylation ¥ #o3}H[13, 18], AH <
H 38 o, B7], & 59 A5F=A ol -‘Jr%% 750l
A8 2 2o} T4, 5, 7, 20, 26, 27]. T3 L=
(Musca domestica) [23], 2= cauliflower (Brassica oleracea) [14]
M= cyt bs®] mRNA 5 @ Zo] BAHNS AER o7
A A ol Zo] daEol gt of

~

% housefly

T2l zebrafish (Danio rerio)

*Corresponding author

Tel : +82-53-580-5537, Fax : +82-53-580-5164

E-mail : ymin@kmu.ac.kr

This is an Open-Access article distributed under the terms of
the Creative Commons Attribution Non-Commercial License
(http:/ / creativecommons.org/licenses/by-nc/3.0) which permits
unrestricted non-commercial use, distribution, and reproduction
in any medium, provided the original work is properly cited.

NME cyt bs 2 A7 HLE o] 9l Th24]. Soluble forme 2
o A3t A 22 methemoglobin (metHb) ol 2
A # 3ttt Hemoglobin (Hb)& heme irono] % AFej o
A A E 2RFskH, Hbol 4F8hE o] metHbo] Ho2A 4ha
o AFT e 58S FoIH P methemoglobinemia s
s A " TH10, 12]. oW cyt bs7h 4FsHE metHbe] 95%E
HbZ #9715 98& 11, 17]. I % oyt bse F41,
AL, B2 dad 22 A dojut steroidogenesis
Hhg-o| A hydrolase?] &4 2437 = FTH15, 18, 22].
ZA4 Zi-’FEU 3hitol

Zebrafish (Danio rerio)= 7
oh. Zebrafish®] 4 & A<
o] K05 mm)E T o & Holth A dFY R
gwlof 200~300 7S] W ¢
A 7E Frsly] fEo] ARk dAwAgl
< A B2 5 e Aol Sdrk Ao m- wekA 27
G AZREEL 15% AR WEA AP HH -‘?'*—Ev—" =
2 gl A717} a7 wkell Ao BF A EY. of
siotE A9 3t AA, A 5 HIA
71¢o] o, E"q‘ﬂo] AToNA B A=
FAAS vf ¢ Pf& Aoz A Uth3].
zebrafish®] 7} & A4 2
& 71 Hlzstthe 40]‘4 L3 2L 7
ol A frastylol AWATE A A FERLR
A A AR E %“%5} 04‘?7} o] Fo{A 1
o r g Ad2 A /FAHA 7s
nomics) & ¢ %%U%EH A+

7

T 2oy 7hs e A W A2

7 (functional ge-
o, g A%
L ERE]

“-h



618 BBULRIX| 2017, Vol. 27. No. 6

=2

fAgA QA AF7F shestthE A olth19].

B AT+ zebrafishol AHE< cyt bs SAAE Z2Y5}
microinjectiondtil, 1 W oAFES FFo9H(EGFP)H
RT-PCRE &¢13 A3}e] BHyoln}, ]% SAAX 7O WA

FAE 719kE vpAsE & A2 EHX methemoglobinemia

g #dE AdA AES ARsted TERYEA 28T
F e Aog JYEn
Mz o
RNA &

HeLa cell o] 2019l & Ml FHA AN medias AA
S oh&, 4T B#5 o] ¥ RNAiso plus 1 ml& A 2|33l
& 1083+ WA 3 th. Pipetting™ scrapingS 3ho] Hj %
HA A 019 & cells & Hol=d T microfuge tubel
o] 3271 W8} k. Chloroform 200 plE ¥
g 4o1E g oA 2ol 1083 A5G
YA EE T 45 HE HE] I RNA pellet 57°C ol 4 DEPC
water 50 plo] HAT I8 T& 1 g9 total RNAE re-
verse transcriptionat®] ¢cDNAE A4 3} Th.

4

RT-PCR (Reverse Transcription-PCR)

Cyt bs primer= human cytochrome bs mRNA & 7] 4 gl
=3t A&t A . Forward primer (cyt bsF-Xho I primer)
= AFEL Xho | sites T8t AN ZE $Fo Z3ho
TSI AA Aol 27 bp (5-CTC GAG ATG GCA GAG
CAG TCG GAC GAG-3)%t. Reverse primer (cyt bsR-EcoR
[ primer)e BAIES A 3 & GV Lol Fatod THE
Aom AFAas EoR IsiteE EFAA A 27 bp (5-GAA
TTC GTC CTC TGC CAT GTA TAG GCG-3)Z A 23} At}
PCR tube®l HeLa cell <DNA, cyt bsF-Xho I primer (10
pmole/ul), cyt bsR-EcoR I primer (10 pmole/ul) Zt7+ 2 yl,
2X Taq mastermix 25 pl, BdF 19 plE 4o #A Fo&
50 ul7} E A 3t th. Pre-denaturation 94°C ol A 587k, de-
naturation 94°Coll A 30%, annealing2 60°Col A 30%, ex-
tension> 72Coll A 30% WHEAIZAT o] AAE F 353 wHE
o %, post-extensions 72l A 787 AAI3to] A7) YFL
2 glstint

PEGFP-N3-cyt bs plasmid2| &}

24 Z8< £9)7] st PCR 4H&<& pGEM-T easy
vectord] WA F2Y 3t 2ohS ATdEA Xho I 3 EcoR
[ & A3t cyt bs DNA insert? e i 333 vector?l
pEGFP-N3°l| ThA| 22430 24 pEGFP-N3-cyt bs plasmid
£ A#sAt. pEGFP-N3E A7HE 2= H T8 Dr. Ding
Jeak Ling® 23 E EoFutole}

Zebrafish® #Hgt
AR et 5582993 (5 M5 KM 2016-004)9] &
< o} zebrafishe FUF A& Z 38T Zebrafish
T AZAY FEHAA FAsAT. FATS AH 8

o 4AH} FA AHE 12 H&E mating cageoll ¥ 1L
14N 7 YA, 104 7HE o 5A 2 718 A7)
FEotA dle e
o g & Fode 74

24

o]

,r>—[mmL§=
o\

RO
of
S~

to

pasd

32

= 30

L x2

e} FE
0
=)
I

F $4RHS B2 AA

H}‘é‘7 }\IO]CE —%—

ols
=

o
ofd
i
ot

;R_Q‘_&—h_ﬂﬁ’,hr}irlrrg
) i
=
ﬁ,—l}m[o

=
o &
o
(o
o

A&t7] Y3l blue waterZ

=

it

Microinjection

A pEGFP-cyt bs plasmid DNAE zebrafish 5% gl
TATES slide glassoll F#A7]1L
microneedled]] DNA £9-& & % micromanipulatorg ©]
434 microinjection 3t$1Th. One cell stage?] 44 @l
DNAE FH3toH, AHE injection H A=A &lst7] ¢
3] 52 A< phenol red solution® DNA €4S 1.1 H &2
o] Ag3tAth F=7}F 240 ng/ul%l DNAE 105~120 pl&
injection 39 2.1, oju] FS= = DNAY & & °F 25~29 pg
ojAtt. & 7 Ao microinjectiondt= DNAS] &
ofgstal ZA T2
TATH F3HE A o(fry)ol Ao F3Ld

#H#-2 Stereo-microscope (Samwon, Korea)#} inverted fluo-

microinjections} % o},

hemacytometer®} heavy oil&
Microinjection gt

rescence-microscope (Nikon, Japan)Z ##3s}9 1, A&
D5300 tAE 7hd 2(Nikon, Japan)Z Z % 3t%Th.

RIOOIMQ] cyt bs S =0l

pEGFP-N3-cyt bs plasmid DNAE injection® * ¢ ¢} in-
jectiond}A] &2 thET 9] RNAE 47 #2331t RNA +

%2 RNeasy mini kit (QIAZEN, USA)E ©] & }‘ﬁ o, 439

< kite] WA E weh Agstint. HFH o2 FeE RNA
£ RNase free water 30 plo] Ty O]v 1 ug9 total
RNAE SHAEHS Al A DNAS A4stdth Ao AHea
primerE -2 cyt bsF-Xho I primer} cyt bsR-EcoR I primer 3
I PCR HgE GollA HHE A 5 2102 dAH
ATh RT-PCR 4HEE-2 DNA sequencing® 2 H7IA €S 2
A8 3L, 71¥ NCBI GenBank®] €714 &3} Hlw, £43199 0.

Z

HelLa cell®lM cyt bs £5

HeLa cello] A total RNAE F&3t9 #7953 27 285
9} 185 rRNA7} FeiatA A=At o] 2A FHE total
RNAE templateZ 3] 4] cyt bs primerE< ©] 3] RT-PCRE



€— 414 bp

Fig. 1. RT-PCR result showing cyt bs transcript (M: 100 bp lad-
der).
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Fig. 2. Structure of pEGFP-N3-cyt bs plasmid.
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A. Uninjected

B. Injected
(PEGFP-N3-cytb5)

Fig. 3. Comparison of (A) uninjected zebrafish fry and (B) in-
jected zebrafish fry with pEGFP-N3-cyt bs plasmid DNA.
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Fig. 4. Results of RT-PCR with primers of cyt bs and B-actin
(ZF: Zebrafish, V: pEGFP-N3-cyt bs plasmid vector, M:
100 bp ladder).
i do] 54& 4 o7 Ay microinjection A A A 4 7
of FA7E 7= 5 A8 7HA ol f 2 2 A Xeta F2
A0 AndY 2T FATE] F= o F A micro-
injection A o] At Aof7h L= A E8kA K] FE A
o2 AAFHH T Zebrafish 2 of o]l ALE<] cyt bs DNA7}
AE AL AE A2 RT-PCRF DNA sequencing 2 =
gstsinh.

/ Xhel
O T e e A R A T O A A S O T AR AL T AT ACACCCTACACCACATTOAS &
g ¥ a - d LE S L AR L _"FI.\_L\.‘I.J{_'"_-UJ.L‘““'HJLH\_IH_H_ T R e e LA
11kl PORDRARIREE RN s n et nfarenrnynnrnpineaningl
Sbjct 923 |CTOGAGRTGGCAGRECRGFTOGEACGAGGICGTGAAGTACTACACCCTAGAGGREATTICASG 582
Guezry &1 AAGCACAACCACAGCARAGAGEACC TEECTGATCCTGCACCACAAGETETACGATTTGACE 120
RN RN RN N NN NN RN NN NEENNENET]
Spjet 583 ARRAGCACARCCRACAGCARGRECACCTEFCTGATCCTCCACCACRAGETCTACGATTTGACS 1042
TCTGGRAGRGIATICTGHT GHEGRAAGRAGTTTTAAGGGARCANGCITGGAGETGAC 180
PORTR RN RPN e e n Rttt enrnetnrnennrnl
GEAAGAGCATCCTGETGEGGARGAAGTTTTAAGGGAACARGCTGGAGETGAC 1102
GAACTTTGAGGATGTCGEGCACTCTACAGATGOCAGGGARATGTCCARARCA 240
RN RN NN NN AN NN NN N RO OO NANBANNDNRNREY
FAGARCTTTOAGOATGTCROGCACTC TACAGATCOCATGOARATITCCAARACA 1162
TEGGGRGCTOOATCCAGATGACAGRCCARMGTTARACARGOCTCCOGEAAMCT 300
RN ENNEAEENENEERENE TARAREART RN RER TRyt
TGGGEAGCTCCATCCAGATGACAGACCARAGTTARACARGCCTCOGGARRCT 1222
T A TATTOAT T CT AT TCCAGT TGO COACCRACTRGETIATCCSTGOCATE 360
PARRANAR AR R AR R R e R et ra et aranenrtl
CTACTATTGATICTAGT TCCAGTTGOTOGRCCAACTASOTEATCCTTGOCATE 1282
Qaexry 361 TG ORI FT OGO CTTGAT G TATOGOCTATACATRECACGAGGRATIGAATTC] 414
TRETRTOR R pnernnnnInel IZ!I.IliI'II'J INRRA
Sbjot 1283 TCTGCAGTGECOGTOGCCTTGATGTATCGOCTATACATGGCAGAGGARGAATTC] 1336

S g T

Fig. 5. Result of sequencing of cyt bs insert DNA in injected zebrafish fry with pEGFP-N3-cyt bs plasmid. Boxed areas indicate
restriction enzyme sites. Query sequence (GenBank) matches with experimental result (Sbjct).
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