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Availability of the lacZ gene as a Reporter Gene for Production of
Transgenic Artemia franciscana

Hyo Sun Jung and Dong Soo Kim'*

Risk Assessment Center of Marine Living Modified Organisms, Pukyong National University, Busan 608-737, Korea
'Department of Marine Bio-Materials & Aquaculture, Pukyong National University, Busan 608-737, Korea

We examined the availability of the lacZ gene (-galactosidase gene) as a reporter of foreign gene transfer in the cysts of Artemia
franciscana (A. fianciscana) to conduct a risk assessment of living genetically modified organisms (LMOs) in the marine ecosys-
tem. The LacZ gene was transferred to decapsulated cysts by particle bombardment, and its insertion and expression were assessed

by means of polymerase chain reaction (PCR) and X-gal staining. X-gal staining indicated /acZ expression in all A. franciscana
examined (including the control group), which exhibited not only negative but also positive PCR amplification. Endogenous
B-galactosidase is highly active in the whole body of A. franciscana during all stages of the life cycle. Thus, the /acZ gene is unsuit-

able as a reporter for foreign gene transfer in A. franciscana cysts, because it is difficult to discriminate between exogenous and

endogenous (-galactosidase activity.
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M=

olZ g n|ol(Anostraca: Artemiidae)+ 43
21219 W& Aot ol AAlskm, Aol A gkt gt
= e A (ovoviviparous) . 2 A SR E, =8 J B 7 A
4 BT 2 §alket Bl AE Bl (oviparous) .2 14
3o YLk AJAFSHCH(Clegg and Trotman, 2002; Nambu et
al,, 2004).

FAXE of=E|u]o} YAtol AdES
Weke 4 Bt AHssto e
20 7o) )¢ olatu], £4), 22
A7} o] 411 A spto] Golalths
$ B ATAE AT 9J0] 5 Aol 231 o]
e 7)ol At 4= qlom, YA, gAY 27]7F L em
T2 27| wfZof 22 WA o= tfgARSo] 7Hssths A
o] JLiL, THAA, 2 Fo| TE EFAELEA A9 HE A}

A=A AA
2315t 347 of| A]

FolF9 27|Hol 2 FFE R Ho RS Bk o f-42t
o] Ho] {75 weted 4= Qi

228§ 19§ AR A8 Bolske] -4
A} o 4] A7 A SR wEle] 7]t B 2AFE §AA o]
£79] 22] 52| A7) AHg-wlo] Sheh(Kim and Nam, 1994;
Sin, 1997). o|& 8t 2| 2 E 54} 5= lacZ - A A= Escherich-
1a coliof| A 2l =] o] lactose TjAF] 3Ho]5}= B-galactosidase
ALE gBslsl= GAREA 0]9] AHEC] B-galactosidase
L oje} 77 AHEo] ]3] £40] Golsto] E5E(Kopp et
al., 2007; Shimada et al., 2012) ¥#1} o}y 2} o] F(Adam et al.,
2000; Verri et al., 2003; Zheng et al., 2006) 2 7+ZF7(Arenal
etal., 2004) 5 TR A=0] 37 o] Alof| o] AR AL 9]
o} ey JacZ A = R 2ol AsaL glom,
5 9 o] FoF 22 ket s sl e WASkAL Qlrkar B
%31 lo], A B-galactosidase L G5 2 iAo} @) G

A =}of| o]t B-galactosidase ] ¥al -2 Q)3+ AL7} A8 =]
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902 AR - Q5

ofok SFtH(Dube et al., 2009).

3 Aol A o =g nlo} h ek sk AVel A W Sleh e
Ao} Aol g WAL 4 Gl FAHS AREY A A7)
Sfate] facZ §7AE obzElnlo} L7 ate] o] Alste] €%
SRR §84S AR

ERTETE
OfZE|Ojot & Al

B A3 o] ARE-H ol 2 H|u]ol= Argent (Argent, USA)ALZ 5
E] Artemia franciscana SFB (San Francisco Bay) strain (Lot
No., BG1503C)& +¢31o] AME-314It). A. franciscanay 5
um DA R o738t 3192(30-33 psu) = AR E ARSI
1, 26-28°C2 G-A|5PHA, ‘14 hrs : 10 hrs = light : dark’ 335
7] 2704 AF&al ot 210] TH 80-100%) 213l 3o
], 0| M| 27 (Dunaliella tertioleata and tetraselmis suecica)e
wjo] 2 B

L2t 77

AEAQ A =Y #fshe], NaCIO A2 A7t up&
A. franciscana W7-5+8] Wz} A7 A W Bol8-S ZARSH
ot WS 10% NaOHol| 1487+ g7} 4=3H4] 71 2, NaCIO
2302004 108717 127]9) F2L0.2 Lhico] W2L A7 S &
=39tk H2) 3 13 SR42 A8k S5 4(Olym-
pus, Japan) . 2 3z A AEE 2181911, 9 cm petridish
(SPL, Korea)ol| 4] 24A|7F 5ot vjokst 5, H3}8-S st o
= solatgit.

= REXE

2 Aol A =] 5-4}= Nam et al. (1998)0] 54}
o] Alof] ARE-31 v} Q1= pRSV (promoter RSV)- lacZE AH8-5}
At pRSV- lacZ+= E. coliol] transformation@t 5, LB agar i
Z] o Al vl 9Fa}o] alkaline-lysis W &2 F=&3o] Cleanup kit
(Macrogen, Korea)E ©]-&31o] A5}t AA|H plasmid=
TE buffer (10 mM Tris-Cl, 1 mM EDTA, pH 8.0)°] 1 ug/uL
S X2 =9 particle bombardmento]] A-8-5}%3 T}

Particle bombardmentE 0|2¢t SFX} 0|4l

Particle bombardment:= Biolistic PDS-1000 / He Particle
Delivery System (Bio-Rad, USA)S o|-&slo] 435}41,
Sanford et al. (1993)2] WHZo| whe} gold particle A2}
pRSV- JacZZ T ¥ ¥ gold particle s 1|35} c}. Wzho] A7
= ek 2F0.05 g (0.1 g; 1.8 x 1070)S A& 2.5 cm =7] 9]
o] x| of| g F0 & Zo} & F, particle bombardment 4|25
skelom, 71 #2272 Table 12} 2t

Table 1. Conditions of particle bombardment for transgenic Arte-
mia franciscana cysts

Particle bombardment condition

Exp.  Expression Size of

old Helium Target
Group vector pag tide  Pressure  distance
s (em)
3
’ 6

TFAF' 1 pRSV-JacZ 0.6 450 9

12

3

6
TFAF2 pRSV-/acZ 0.6 900 9

12

3

6
TFAF3 pRSV-jacZ 0.6 1,100

12
TFAF 4 pRSV-/acZ 0.6 1,350

12
'TF AF, transformed Artemia franciscana. “psi, pound force per
square inch.
23512

Particle bombardment #|2] A0 w2 o} gujole] K3}
22 2A157] $lal 2 AgolA FA9lE 5024 37)9] 50
mL tubeof] Lol AL, of sl 10 mL2 Ad71sko] 24412t

Bkt F, HeHeS 245t
PCR 24

Particle bombardment # 2] 24 ¥ 8§22} o]A] HIE & 81Q]
3171 91 PCR 241< Zesjataiet. Ael7-e wop 244174
of Zt 271 & 30u|¥ ZH3F F, o] 55 Mo} =53 DNA
£ #9202 PCR £4& 493191 tt. PCRYJ+= PCR premix
(ProFi PCR premix, Bioneer, Korea)S AR5} 0.1, Zato|
™<= pRSV-LacZ ol| 4| ZE2HEE A| |3t JacZ 54} 4 79
7} ZEZE| w2 A A5 THRsv- lacZ 2F (5-GTTGCAGATC-
CATGCACGTA-3’) and Rsv- lacZ 3R (5-AGTCACGAC-
GTTGTAAAACG-3)]. PCR 271 94°Cojl 4| 25 ot 27]
Yk 3 (initial-activation), 94°Cof| 4] 20%(denaturation), 58°C
o] A 20%(annealing) Z12] 3 72°CollA] 20%(extension)Z 33



SR H3 A franciscana’YAHS:

X-gal FXL 950, A. franciscanas 1.25% glutaralde-
hydeof| 4] 24417+ 3143t 5, phosphate buffered saline (PBS)
25EHAC R 43], 12|11 108 3 23] A4t 5, Namet al.
(1998)9] wrof wtel X-gal staining buffer [1.2 mM 5-bro-
mo-4-chloro-3-indolyl-beta-D-galactopyranoside, 0.1% triton
X-100, 1 mM MgCL, 6 mM K (Fe(CN),), 6 mM K (Fe(CN),)
in PBS]E &7}sto] 37°C vlj%F7](Sanyo, Japan)oflA] 12A]7F
S RRSAIZATH X-gal G4 Wk-g-o] 2 ¥l Al E = PBSE 23]
A2 gt 2, s 53 n] 7 (Olympus, Japan) 2.2 X-gal H49]
55 PRI EeF X-gal @A) nlhEo] G 25
517] Q]34 FAA] chloramphenicol 20 ppmof A HjFat A
franciscanas ©]-8-3 X-gal A A& =343}t

SAz]

NaCIO A 2| Al7ko] w2 A. franciscana W--2+e] Fal-g3t
particle bombardment A& 270 W2 F51-8-2 SAS L2 7]
2 (version 5.1.2600)01 2]3F ANOVA testZ o|-§3}o] AL &
A3k 5 Duncan®] th5-9] A7 AAISHITE HlolE g2
Ol 5% oJH(P< 0.05)% 7+ Fatgkoll et 7214 Zpol&
ZAFsFRIT

A 1
L2t H7A

NaCIO A 2] A|7te|| W= A. franciscana Y-5+2] Hale-2
020l Al 42 30% A2 7HA] 9121 Q1 2] 7} §lo] A Yt
STH(88.74 +5.59-93.0 + 3.37%). 13U 55 A 2] 5E H3h
Fo] Wolx|7] AlAkste], 1042 A 2ltol| A= 23.9 + 9.09%E
7P S A W= QA ek(Fig. 1). s & r] 72 085k NaClO
A 2] Abe] w2 G2 A A s SIS A, 248 A2
H 50% o] rzto] A A Wteto] waE|7] Al&kske], 35
o] o] A gftof| A= t - ko] Al AE A olom, S o]
& A |t HARgE o] wHE| i}, whebA] A, franciscana
Wtetke] W2 AlASE| 213 A4 NaClO A 2] A7k 23
S 7 A e TR A3 38 3020 &2 R1E ok

PCR 24

Particle bombardment B2 0]-8-5F 5%} 0]2] Ag o]
)3k PCR B4 A3}, G422 9 cm A 2] (target distance) ol A]
1,350 psi (pound force per square inch) &7} €& (helium
pressure) & & Q) 8k= X 71O ATk pRSV-lacZ F-AA7} 5%
Hlon, 71 9 b AddsolAe 1 S3o] wEHA| ¢

913t lacZ A -84 HE 903
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Fig. 1. Effect of various times of treatment with NaCIO on hatch-
ing rate of Artemia franciscana cysts. Asterisks indicate statisti-
cally significant differences (P< 0.05).
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Fig. 2. PCR analysis of the JacZ gene in transformed Artemia
franciscana (TF AF) 1-4. M, 1Kb marker; C, wild type of A.
franciscana; B, negative blank (distilled and deionized Water); P,
pRSV -LacZ plasmid; Lane 1, target distance 3 cm; Lane 2, target
distance 6 cm; Lane 3, target distance 9 cm; Lane 4, target dis-
tance 12 cm. Arrowhead indicates amplification of JacZ.

4tHFig. 2).
258

2] B31-8-0] 86.9 + 1.3%2] A | B]3] TF AF 1 (trans-
formed A. franciscana 1)2 69.7-72.6%, TF AF 2+ 51.2-
58.5%, TF AF 3-2 54.6-58.1%, TF AF 4] 4= 37.0-42.9%=
THEESITE A2l 1 Fakgol A= dE7ae] o] ot
A5 Fohgo] Fo4 02 WoHtH(P< 0.05). E3F 54
AF7I: Gzl SN0 BEEO] Arjo] G2 2
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Fig. 3. Effects on hatching rate of Artemia franciscana cysts by
different conditions of particle bombardment, after 24 hours. psi,
pound force per square inch. Different letters on the bars means
significant difference at P< 0.05.

500 O
‘C'ITO;EI]?_]_

ZFol 7L 1A Th(Fig. 3).
X—gal SM

LacZ 7477} o] Al Addto] o iE gelsty] 9fa)
X-gal AL =23t A}, §21A} o] Ak ofuf et 2t
LFoll A HAE Gl o]of of=E|m|oke] Mg T A of wE X-
gal @& 33t A}, i F ] oA T KL A 71A] o] 2
AtAl A 22 AAol] ZetA W= Ao IHEGLC
™ (Fig. 4), 1|8 E2] J3F2 2|43s17] $13] chloramphenicol
20 ppmof| A B kgt of2F[m|of 2 2 of| A e - ZI8}A X-
gal FAo] E]= 7 0 2 ] QI ch(Fig. 5).

O

o
otzg|ujo} Wehel FRAE o] A2 Aol Wzke} A|A

= ool e W A8 W particle bombardmentE ©]-&
3 0 AR19] 0]4] A HELAS =47 < Tt} Gendreau
et al. (1995)%= 2113} v} QlT}, o]of| Wz1-& A|#3517] $J3t v

© & Sorgeloos et al. (1977)2 o}Z g n]o} ek <o
A 1A 5% 2715 shiA 8 IS 8tt $, 2.12%
O] 2po}d] AANFE F(NaCI0) O &2 7-108 59t & )5l Hh
S B3 T, Moretti et al. (1999)2 W78k ARV ER
(NaOH)ol| &7} 423} 25 33F - NaCIOof| 4] 20+ -5-¢F

o
offt
aie

-
LI\

’
]
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Fig. 4. Endogenous B-galactosidase activity in diverse develop-
ment stages of Artemia franciscana. A. 1-day old; B, 2-day old; C,
3-day old; D, 5-day old; E, adult female; F, adult male; G and H,
adult female and male, respectively (non-treated X-gal staining).
All scale bars indicate 300 pum.

1A

Fig. 5. Effect of axenic culture on the activity of B-galactosidase of
Artemia franciscana. A, A. franciscana cultured in chlorampheni-

(o8]

. —-

: —_— g

col 0 ppm; B, A. franciscana cultured in chloramphenicol 20 ppm.
All scale bars indicate 1 mm.

A ek W Bargk v Qlek & Aol A= 717k A%
Ao ofgh =3} M-S AR A] Pt 12%2] NaCIO= 3
30z ARt Ao ﬂgol 93.0+3.37%= =4 Let
wrou], 2242 28 SR Wzto] A7 E] Alstel 55
o]l AL 1 2o olof uj, R
B W2t A AEE TS ), o A $1
J NaCIO #|2] A| 353022 ERIE T 7| Hus
2 NaCl09] &2 £ (Lopez-Galindo et al., 2010) wfjFof A
29 NaCIOE A gfsto] k& A| A Sh= o, o] = A
Zbo] gho] 2wt T e 7H 3 glo] & Aol ALgE
o] 974 o] 412 913 Uhpetel izt AlA el s} £849)
Hh o 2 M7k )
23 E A A o 2 S4o] Golt #EFS 71
AR} AFE-S O]—Ep:]_o}. Aoz =i
gt A Al Atol 58

TS5
Lo
7+



Al

2] A

oflt

A%}: A, franciscana*y

m2weo] /| 5ThE 2AL W SR o] 4 27 2 o] o
rof] ARg-& o] 2Fek(Kim and Nam, 1994; Jiang et al., 2008). 2]
¥ GHRF F JacZ A= E. coliof| A S-2l & ¢4, lactose T
Atof| ol 5= B-galactosidase A5 2 o6H= FAALE, A
3 U] B-galactosidase W& d|H-& Fot thefsl 2 W EH F-4
ARo] £ Atof o] -5 aL Utk (Kopp et al., 2007). &2 ¢15-9]
A lacZ F7ARE of=H|ulote] o]A]sto] PCR 415 43
o Ay}, RS 9 em Aol 4] 1,350 psi E7FE Yo R
Tt 2HANARE lacZ G S5 = A& 21T = 3l
et et lacZ AR B4 919 X-gal AA AT,
AL o] AGHERE ofu 2} T 2t RO A KIsHA] A E|
o} ofZE|uob=z uA R ofy 2t ngEE Ho|= 43
SIELE B-galactosidase WE 24 Ao u] A& 2 Ao o5t X-
gal HA9] 71573 viAE 4= 3Ith(Van Stappen, 1996; Kim
et al. 1996). ©]9]| chloramphenicol 20 ppm= 7}t FtA)
eljof A BieFAIX] of2HW|okE o]-§-5t0f X-gal HA-S 433t
Z 3}, chloramphenicol 37} f--2f Aahglo] Wi XIsHA &
A=) Qi) Kim et al. (1996)2 4714] 3|7 (AL Haliotis dis-
cus hannai, %= Crassostrea gigas, 11527l Pinctada fucata
martensii, | 27 Anadara broughtonii)®} 67}A] o5 (n]412}k
A Misgurnus mizolepis, %1 Cypinus carpio, ©2}3]0} Ore-
chromis niloticus, %=X 7}X}v| Limanda yokohamae, &7 A}1]
Kareius bicoloratus, 3 A Paralichtys olivaceus)®] -39
A 9J3t 1= A7) o] A B-galactosidase”} &M= A2 Shels}
%o, Kim and Nam (1994)2 v]3te}2] o] 237 ol A 1t
o}, 23, A7) W o] ELS] Sof| 4] B-galactosidase HE -2 2HQ]

S
T
A

212 | U
3} @I} 3 Hostetler et al. (20032 <-AF2] Oryzias latipes
9] A3l A] B-galactosidase -2 21514 7, Ueno et al.
(1994)2 71712] B0y Carassius auratus grandoculis®] T}Fst
710141 B-galactosidase &S ¥ gt v Qlrk. i ALofA
T otz gufo} A HAYTHA o] BLE 2|0 A] B-galactosidase 2
/Jo] aE]o] oM o] At ALl UA|SHAT
FE0] ZHF Al Rk ofel, ofF 9 uiRF 3k &
2 YR S PAEl = B-galactosidase B0l EA 51| Wi
o, X-gal A4 4 A] pH, £ 2 114 olo] ML Fof
A B-galactosidase &4 JE& 2ARSH A7} o] Fo A4 LItk
(Jurado et al., 2004; Kopp et al., 2007; Shimada et al., 2012).
Weiss et al. (1999)2 F|(Sprague-Dawley rats)2] t}oFst 2]
& AR 2 A WA B-galactosidase®] BAdo] =olAithal
5152, Kopp et al. (2007)2 #] 4E2] B-galactosidase 2Hg
o] pH 4of|A] 7} == Z21& Bk v} ¢lr}. E3h Kim and
Nam (1994)- n|322}2] €] B-galactosidase 242 pH7} %7}
3 ghio] WolA] o, pH 4,504 714 =} W ekl
2y olF Sk 9] ofZgulok= pH 7 204 WA
B-galactosidase®] ZAJo] w-¢- =2 o= HHEG oW, F
A} 0]AF9] pHol A A4S ti= E. coli®] B-galactosidase ZH4

2 9

St lacZ AR -84 HE 905
243 FYst Ao g el Q).
B AFo| A= LacZ AR o] 4)8k= uf, of2 g|ujo} 1

9] p-galactosidase= 2 3Fsh= 31412 7| A Dol HiE| ]
of F&ll lacZ F3A2] A7 A H} Afolste], PCR EA ol A
= FA27L olA)E WA AT lacZ F-HA7E SEE QAT
X-gal FAR-Z o]-§5h Ud EA o A= WA p-galactosidase
7F A AT A Ol A 7 SHA] EE = o], 32} o] Al St oy
2} thztol| A = A= QlTh. whebA] of=H|m|oko] ofef f-H
Ap o] A Al lacZ FAAE 2| ZE FAA R AMESh 2 R A
etz o2 shetETt. ofof uhet, A A o2 g m|op Ak
QI A3tk 2l fHRke] Aol Do g Ao AbrHTh
AL AL
Fabit o] sl of AP A EA(LMO) B7F
2 )2 7)< ZHEE (ZA 9 320088033-1)2] X ol| 23] 423
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