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ABSTRACT

In an attempt to produce transgenic amphibia, bacteriophage A-DNA was microinjected into
fertilized eggs of Xenopus laevis, and the effect on early embryogenesis and the ultrastructural
behavior of exogenous DNA were investigated. The effect of microinjected gene on embryonic
development showed differences according to the concentration of injected DNA and the
incubation temperature. Various concentrations of A-DNA were tested. Among those, microin-
jection of 1-2 ng DNA dissolved in 20 nl TE buffer was not shown to disturb normal embryonic
development and was recorded the highest survivability to the late tadpole stage (Stage 43);
however, injection of increased concentrations of DNA than above provoked irregular cleav-
ages or abnormal appearances, which resulted in reduced survivability. When the injected
embryos were incubated at low temperatures (e.g., 12°C), 54.5% of the embryos developed to
Stage 43, whereas 42.4% survived when incubated at room temperature. The survivability
showed also differences according to the injection site. 58.0% of the embryos developed to
Stage 43 when microinjected into the vegetal pole, whereas 44.9% survived when microinjected
into the animal pole. To understand the structural fate or behavior of injected DNA a combined
light and electron microscopical study was applied. The nucleus-like structure was observed in
the A DNA-injected embryos, which was quite a similar to the interphase nuclei of normal
Xenopus laevis. The nucleus-like structure showed the typical double-layered nuclear mem-

brane and nuclear complexes; however, it consisted of unusual structures such as furrows of
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nuclear envelope into the nucleoplasm.
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o} (Malacinski, 1988) .
Transgenic animal o|3+ 4344 2l &
ek B2 F o F
% 2 3k (transformation )%
n)ghe}, o]e}te] Ak
3 A Wol] 4Hql o] transgenic
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Stod 783 AL B EA dEEA ol A Ay
B9 AFFxtoez o|&F 4 Aok (Gridley ef al,
1987; Gordon, 1988; Friedmann, 1989).
ubepa] 2 ol of ozt
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A-DNA & Xenopus laevis & A kol v AlFe sl
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1. Xenopus 42| xH%|

AgFETEMe olZe7l 4k Fo] FAfal
AH&atalel, Xenopus & o #A)
5 2FE T2 A, A AREET] 1247
4 o]  human chorionic gonadotropin (Sigma Co.) %

150-300 IU & Ak

Xenopus laevis &

2y

=}

AA e 350-600 [US, R+
B AN L8 Aot dslend, i
+ Nieuwkoop #} Faber o] 94l (1967) 2 uw}gic),

lgaAe A% n]_,_;g.%_}€ petri dishol] g %
100% DeBoer &°io.2 2 A% M3t A=} =t
g el FHAZ FHH A o 208 F FEF0)
Z# o] Hidulsko 2 3 A3 & 7)o 2% Cysteine-HCl
(pH 7.3) 2.2 3% x| 587t Hejsled gdES A7
skod ek,

2. DNA ojMIFg

= olgk F¢] 23 (microma-
nipulator) & A-&-3}5i o=, =4 l—’f—%} Al A 2 9l Al
5% Ficoll & %8
gt 5% DeBoer -§-ofoll4] A8l-& 4-8)5t3ic}, AHel o]
£-5l DNA & Sigma AH{USA)o| 4 F3]l3t bacterio-
phage A-DNA (43 kb) & pellet A=) 2 —20°C°¥]/H X
Bakgion, o|A%EU4] TE 938l (10mM Tris
-HCl, 1 mM EDTA, pH 8.0)ell 8417 A&sld e},
DNA ulxﬂ%c’t} < IngollA 8ng7tx] chofdl ofe)
10niel 4 20nl Ax& FE49H7
e Bkl ed, F9)4)v]e vl &
= Xﬂl%% I 2lg5.5]7] A7z sgsidct, =14
AE o] ZHE S wbR|Ely] HEte] BB Golof4] &
£ A7}l o} (penicillin, 50 units/ml;
mycyin, 50 pg/ml; gentamycin sulfate, 50 zg/ml).

}

strepto-

astioan ool By

bacterophage A-DNA & =l4|F3l3k 3, F9% 2
Al Zke] 73] ml Bt AAdv] 7l 2wl s ZH 3%
glutaraldehyde 7} €&l 0.1 M phosphate &

(pH73)22 AnA3 = %°a‘ fdog AA3le ot
A] 1.33 9% osium tetra ox =9l

Ak, FaAR wiE Y dFHo g AAE F ethyl
alcohol  F% A5Fo2(50~100%) =3t

propylene oxide & 15% %<t %33 o}2 Epon 812
Fitelell Zelsiodct, Zeldk wE 37°ColAM 6413
60Coll A 48417} FoF wbxdlod F3HA]7] Fol 0.5 #m
atEo] toluidine blue & 9§ M3 &
sehold DAL ek ATAdelA SAp P2
w235k trimming & ¥ ohK) 50 nme) 74 8 zalb
ukEo] uranyl acetate &} lead citrate & o}&
% 7<|— g sted FxpA =& e] 7 (Hitachi, H- 500) o8

Z 7}
1. DNAS| Fizat o] wllg

ole 9] DNA7} wiut
7] flsted opekd F% (1ng, 2ng, 4ng, 8ng/20nl)
9] bacteriophage A-DNAE w|AFdslgion, 2 A
o} Table 1ofl Yehyd upeh 24} 20nl% 1ng W] 2
ng?} DNA £ wldlFqlahs 745, 45 e 39.6%
ol 4} 52.3%7} &4 o] )7 (stage 43) 7= L3} Hbad
4ngollA 8nge| FTEZ FRIe 4% 1.1% WA 5.0%
abo] Edo] Al7I7AA S WHAES ehlen], %
ol o|Atdg d oy A vie] Herl viggdd ez
velytc(Fig. 1), Sham sz2F2 2 5%<] DeBoer ¢
NE FUg 7P 78.0%2] LAES el

Aol v] 2= 8 oot

10

2. olMIFY = X220 ol 38 5o}

alAdlF=3] 5l DNA ol 2|3l wtAl-g-2] #3}7} =] FY
S ol A7 7kA & A2 (12°C) H elol] &5t 3]5
2 5 e 9] o 5-5 v Hokery, 1 Aske Table
20l viebd whet et &, w]AIFQ] F Aol A wok
| °°ﬂ—t— 54.5%7} tailbud of] =gt dh, Ab2oj
3 T 42.4%% viello] A& A} wAy

&9 %‘-ﬁd] 73013]-—‘& ez =g,
3. ojMIFS fixloll 2t 5|5 53t

SR e TF2ol u|AFUd 4ot A EFol] F9

g 7o HAES vl A= Table 33 2k, &,
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Ao wl A58 ASolE 58.0%7} tailbudel = 2 Axlal & toluidine blue & G4
] H

311.
tailbudell £.55}e] A1 2Fol 3913 74 DNA sld% o o] 47
ol

3]
s

A3,
34 207} 2gs| 9l (Fig. 2).

= obob7] Hste 50nme] FAE =

69

e

ol 2J8t A ZE5AJo] o] AR FBEE= Ao yhg H-§& =h5o] uranyl acetate 9} lead citrate 9343}
Ak, F B3 deld BAe sAG A, AE FAF
747 (interphase) 9] AAbalol F=(Fig. 3)eb #Akgt
4. 0|MF2El bacteriophage A-DNA2| #E3  H72Eo] sl HA=ofa A& 3T+ Aok
oz ol (Fig. 4,5). olohhe fabal Fage 85 23 o
Zupol oJaje] Fel Mol ks Hol 4 atals &
P E ol oAU % FAA] WL Z A (Fig. 5), FAAzHE Ao|gh wgabdel sete)
A7) $15le] A-DNAE 3@ F Fadol 4ot 42 gds g FAHe) Ae] ¥z s e vehig
o)A #ae f3fetedcl, F45 g 0.5 pme] FA o} (Fig. 4),
Table 1. Toxicity according to the amount of injected DNA
Amount of DNA Total No. of No. of survived eggs
(ng/20 nl) injected eggs Cleavage Blastula Gastrula Neurula Tadpole
1 220 176 169 126 123 115
(80.0%) (76.8%) (57.3%) (55.9%) (52.3%)
2 250 182 170 143 120 99
(72.8%) (68.0%) (57.2%) (48.0%) (39.6%)
4 280 118 109 92 84 14
(42.1%) (38.9%) (32.9%) (30.0%) (5.0%)
8 270 60 59 27 25 3
(22.2%) (21.9%) (10.0%) ( 9.3%) ( L1%)
Sham control 150 142 139 136 129 117
(5% DeBoer) (94.7%) (92.7%) (90.7%) (86.0%) (78.0%)
Table 2. Influence of low temperature on embryonic development following microinjection
Incubation Total No. of No. of survived eggs
Temperature injected eggs Blastula Gastrula Tailbud Tadpole
Control 137 105 68 64 58
{Room temp.) (76.6%) (49.6%) 46.7%) (42.4%)
Low temp. 149 139 90 33 79
(12°-++) (91.7%) (62.1%) (57.2%) (54.5%)
Table 3. Influence of injection site on embryonic development
Injection Total No. of No. of survived eggs
Site injected eggs Blastula Gastrula Tailbud Tadpole
Animal pole 107 82 55 52 48
(76.6%) (51.4%) (48.6%) (44.99%)
Vegetal pole 112 104 74 69 65
92.9%) (66.1%) 61.6%) (58.0%)
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of| w| A3k 7 %ol & 58.0%7} tailbud ol =23}
w, FEFl Y& Aol 44.9%=to) tailbud ol
< AES AT T AlZol v Al

Transgenic G455 A4belr| 3t 79 ddo z =377 a3, olF v} whzr] w)Fo (Slack,
2 bacteriophage A-DNA & 44§79 4 DNA 7} 2o} WAl 52 BEQL 744]7)
K 5 ZHelch, slAlah Ydubd o 2 Al Fel2 &

ki
nL)'L-
ftoe J

TUg A, AR 27 WHAlSal 9 = 2

Aol vl gt fgol A WA AL A 4 FITE Aoz o]FoixEd], ok AlEFog Fq)

A%, e 9 Aoz el uieke HAlojop slmg ¥
DNA o] #)aks) vho] whal 5o AlntaiA o) 9lod4) o} B2 A7k ko] 9 FE|o] ghe SfAE AP 4

[+
©, vlAlFEYE DNA 7} wfbdle] ofudl 7122 231 giv] .
of & é—% 4EM~XI°H tH5tod A= o} = ghetA] vha) FAH A 2ol vl TdH o R A P B
] kS 2abek7] 9sled A-DNA & 3913 3 38+8
73 Mxde]zd AaE sl (Shiokawa ef al,

5é°ﬂ"1 =

£ FY3t 75‘—‘% 8] é’t} ukA OOVL" 45}4] . ol2ldk  1986; Trendelenburg ef al., 1986; Shiokawa et al.,
HAe o] % DNA & 2+ &35 dz7e &72c 1987). 0.5ume] 542 Aulg & toluidine blue Z
Aoz a0 (Fig. 1), o] 759 ZA7F A4 ¢ Q4T A3} Azl S5 44 32917} BatE s
o352 weletaly) wWiel Aoz AEe) & nF o (Fig 2), ©]9b2e SE3 ¥.917} 3935 DNA o] 9
%9 DNA 7} 95 7 $oll&, v]AlF9Y% DNA 7} A 8o fresojF ol AAlL *H-labeled A DNA & 3
EGHel A 2f-FA| aksla] Eala THH e = AR ¢} % autoradiography & 433} A3 4 25 £-3}o]

ol 3]
o
stol wld A IS foisted WA ES Azl Aer Ao #ld 4 99ich(Shickawa ef al., 1987).
Al

2
A7 & oleh, olshe Ay ARE Erlz 20nl o) A $99) ol FRE ohur| ekl S
I

= =i
& Ing WAl Zng o] 52 vldFYste Aol it v]7 BAS $43 A Az F7]%707] (interphase)
Aol 2A AAE FA gv A AR g 4 o Ao T2 (Fig. 3) 9 F4% A7z §=
R, weba 2Fe] Aag o] Fxoll 275} 43 F4H e A + Ak (Fig. 4,5), o[zt

i
Fod ek, FAHY 22 (Nucleus-like structure) & &2g ztx
DNA 7} o]l 5l wle] LAES Z2417)7] 18 o|Fo] &) Felsedn] Qleond, wlul 92 lipid

7]
Heto g A Helo}l vlAFq A2 HAE A3 & droplet I mitochondria % yolk platelet S-& 2+

oh

1S A, Aed o w2 A2 (127C) ol 4 E Aol Xenopus s-A ko] AAlala {15 (Fig.
ek A B4 450} s 2704 oz ol 5, wygdos ool $95ieln, vy gAY
A2 Edo] ARA sheAde] o2 (Hamburger,  #de B2 a5 veblo] & Aol AH o)A
1950) el FEdA] FubEle AlE 4o 2o} B4 WAl (heterochromatin) & 7= AAMEIIE Ao

S Aate Fxoz Gulold Al7izkx] AeHels  FzE Jehigic(Fig 4).
x[_J__s].Oir,} P 11%0”4 wokst %ol %95l bacteriophage A-DNA ] §5 ool gt
54.5%7} tailbud o] ==l wbed, ALLol| 4] wljokgl 7 2ol in vitro oA protein-free DNA €] nuclear
T 42.4% 2 A-xHel7) U]*ﬂ?-ﬁﬁ& sje] WAE Z reconstitution A¥H-E F3le] AA| = o]H &l (New-
Aol 7lofete Aoz Ands]elet(Table 2), o)eb2&  port, 1987), 34UH bacteriophage A-DNA 7} %)
Aske AeHels B8 vpgael Addeny 9% 57| ek E nucleuslike structure & g Adste]of
DNA7ZF 54 @yolat sx=l=] g3 v} §A 4k Aoke A4 AFHch siAlw o2 £F9 DNA
Heoz4 DNA Y mldiFcle] o3 S4e] ol A & dldez & o7t olazal £F58 Podolch ut
o2 Aaset, o)2d HEaHE Y DNAE AE b 9oz A7 93k FAF Akl vlaF4]
Soll F47 Aol = vebstel(Table 3). &, A% = 9% f3zbe] chokgh B4 42 DNA 9 =7
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9} topology #1549l oA (Etkin ef al, 1987,
Endean and Smithies, 1989) 251 &t &) 7] 4|
ol A dE5ddate daRaAE 5 Aot Al
gxglojo} & oz Agxch(Newport, 1987; Blow
1988; Hutchison, 1988; Blow and
Sleeman, 1990), we}X Xenopus laevis A gkl v]
A9l ® chekdl E4d 9t 27] & 2= DNA £ Southern
blotting & & & 44z, Axdr7 #3E 57
F9% DNA 2] 22 v nucleus-like structure £] &4
Fretel A BAE vl d-Fele{of & Aleo|w], olF
%8} eukaryotic DNA o] 24 7128 wrlE Zuiof| 4]
o3 d + Y& Aoz 7uHt,

and Laskey,

ZR

Transgenic %A 75 25z} ke o
2. bacteriophage A-DNA & Xenapus A 2ol =] A
Z=ql5ho] oFAE0) 27| WAl S0 9)B J-A 2] ul kA
ol »lA & g ek ol FAslod ofF3} 22 AAE o
A

1. 20nl% 1ngellAl 2ngdl Fx2 vlAdFdt A5
HH"““OH ZA 43ks n)AA v A2 el

L FUH DNA°“ )%t *“4—‘5—4 7| }% AT A

X
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FIGURE LEGENDS

Fig. 1. Blastula of Xenopus laeris which shows the irregular cleavage caused by injection of DNA (4 ng/20 nD
Arrow indicates the injection site. X140

Fig. 2. Light micrograph of the “Nucleus-like structure™ formed around the injection site. Arrow indicates the
nucleus-hke structure. X200

Fig. 3. Electron micrograph showing a normal nucleus in animal side cells of control morula in Xenopus laevis.
Arrow indicates nuclear envelope. Nucleoplasm at this stage still does not contain definitive nucleoli. Y,
volk platelet; L, lipid droplet; M, mitochondria; N. nucleus. x 12,500

Fig. 4. Electron micrograph of the nucleus-like structure formed in the blastula of Xenopus laecvis. Arrow head
indicates the double-layered nuclear envelope. Arrow shows the furrowing of nuclear envelope into the
nucleoplasm. Y, volk platelet; L, lipid droplet; M, mitochondria. x10,000

Fig. 5. Electron micrograph showing the part of the nucleus-like structure formed in the blastula of Xenopus laevis,

which shows the doublelayered nuclear membrane (arrows) and nuclear pore complex (arrow head). L, lipid

droplet; M, mitochondria; N, nucleus-like structure. x42,500
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