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ABSTRACT Effect of the antibiotic carbenicillin on callus and shoot formation from the leaf disc culture of tobacco

(Nicotiana tabacum L. cv. BY-4) was examined. The number of shoot induced from the leaf explants was

decreased as the amount of carbenicillin increased from 250 mg/L to 2,000 mg/L on MS medium containing 0.5

mg/L of BAP or kinetin. In addition, calli formation from the leaf explants was increased by the treatment of 250
mg/L~500 mg/L carbenicillin with or without 0.5 mg/L of 2,4-D or NAA. However, the fresh weight of 4-week-
cultured explants was decreased with increasing carbenicillin from 250 mg/L to 2,000 mg/L. on MS medium

containing 0.5 mg/L of 2,4-D or NAA. These results indicate that carbenicillin has an auxin-like effect, such as

promoting callus formation and inhibiting shoot induction. It leads to the conclusion that the auxin-like property

should be taken into account for the production of transgenic plants via Agrobacterium-mediated transformation.
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oAX Agrobacterium Y Zo 78 AA7] YA iR
Well A7k 889 carbenicillin = cefotaxime-S- |4}
ZAHOZRY AEA ARsl A JdEE VA HoeR
Bolth o]ebz}o] carbenicillino] FH7FE wx oA 24 A
B3t 7o) v AL carbenicillin®] 3}8H1Z7} auxin
ol 2,4-D, NAAQ] F% (Figure 1)} H]&317] ol HjA)
ol A auxin®] &3 Uepli, AR wjx] o] A%
ZAEA Y] o] @A) ool AFREE AAHAY e
Aol ZALEE ROoR MIHI 9t} (Lin et al 1995;
Nauerby et al. 1997). wkabA] A XS & carbenicillin®]
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Figure 1. Structural formula of 2,4-D, NAA and carbenicillin.

(Holford and Newbury 1992), <l 7]1Zt} (Patton and Meinke
1988), £ % (Colby and Meredith 1990), Datura innoxia
(Horsch and King 1983) 52} 4]&dA RIS T3
carbenicillin®] auxin FALET= 29 AEA W 78 2
Aol M e t2A Yehty Qleu g (mdEAsg), £
ARl FAAES SsiME 2 AEA Y A Fo wE 2
EA AEs Ao carbenicillinz AHAZAA| 9] AFS 2;
ol digh JES tgetA AET dert ok B A7
AEARR] Bl (Nicotiana tabacum)= AR A7 3
ojq de] o fHe RUAER UdTA Y, gl F5)
m}2bA = carbenicillin®] th3t auxin®] &7} QA H K=
B 7% 9lt} (Lin et al. 1995; Nauerby et al. 1997; Pollock et
al. 1983). T3+ AA| v Foll ARR-EHI e AFTEA 9
22 9 23| whE carbenicillin®) 3o st AbAs B
e B AAolrk TJejBE, & A7 Bl carbeni-
cillin 7t w2 AF=HA Y J3S APl £& =2
AR WMPAS ALeE B o) NZAEE 9 24
o2 a3,

ot

2l (Nicotiana tabacum L. cv. BY-4) 22 2% sodium

hypochlorite oA 158-7F TALESIS ol 43
FA BE T} AZ3 Z2= MS (Murashige and Skoog 1962)
1R E AHESE e A] o] gl 1074 A EAlY] 2
~494¢ FAFAE A% 4mme FEA BHE HH A
24439 ek WA= MS 712l z] Aol 3% sugar, 0.8% 3
e A/PIH Y, pH 582 HASITh £ A9 BE wjg
2 25+1°C, 9433 (30 pmol - m” - s ZANA AAEY
t}.
Carbenicillin S0 LS AZTE|Q| auxin 1}

AAZAA 7T A7 A &3 carbenicillin 0, 250, 500,
1000, 2000 mg/L7} A7k MS wijz)o]l D7 4 mme) YHA

& AgSHT W 4% Foll BY2 F4 H7E B

HeiA ZAlof| Chst auxinF2t

carbenicilin s=8 Z3tX{2| S0t

MS 7]EufA]d] NAASH 24-DE 742 0.5 mg/L F715
%, carbenicillin 0, 250, 500, 1000, 2000 mg/L2] FE=& A
e A 71sk FAA AEHS AL W 47
Fol A48 2H0EVE Arze 4FES AT

AEES0]| 0|X|= cytokinin2 e}
carbenicillin == &&H&2| gt

MS 7]&u %o BAP$} kineting 22z} 0.5 mg/L 3713
Z carbenicillin 0, 250, 500, 1000, 2000 mg/L 5=7} ¥3t%
HiR]el) @A S AAFshal, vl 45 Fol £318 Zo] 2 mm

ol NE 58 ZAMST

AZEE510|| Ci3t carbenicillinZ} BAP2)

s 28 9 OENz| 51

Agrobacterium®¥ S ©|&5te] Ao FAHIL AT
73 2lE 23 glFEY] AEA F& AAS Hs)
o] 500 mg/l.2] carbenicilling F& ARSI Qo 182
Z BAP 0, 0.25, 0.5, 1.0, 2.0, 4.0 mg/L.7} T35l MS H)X)oj
500 mg/L 9] carbenicilling 7} = A7} g &, vick 4

F Az ok AFFS 2ABIIT:

Agrobacterium 437X O 2 =
7| 228401 L3t carbenicilinT} BAPS| &3}

HAAF o] AHLH T-DNA vector: binary vectorl
pGPTV-HB (Lee et al. 1998)Z 4] T-DNA ] 39
hygromycin phosphotransferase (Hng)Ql— phosphinothricin
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Figure 2. Effect of different concentrations of carbenicillin on callus induction of
tobacco leaf discs cultured on MS media with or without 0.5 mg/L 2,4-D and
NAA for 4 weeks. A, MS medium containing carbenicillin (a: 0 mg/L, b: 250
mg/L, ¢: 500 mg/L, d: 1000 mg/L, e: 2000 mg/L); B, MS medium containing 0.5
mg/L. 2,4-D and carbenicillin (a: 0 mg/L, b: 250 mg/L, ¢: 500 mg/L, d: 1000
mg/L, e: 2000 mg/L); C, MS medium containing 0.5 mg/L NAA and carbenicillin
(a: 0 mg/L, b: 250 mg/L, c: 500 mg/L, d: 1000 mg/L, e: 2000 mg/L).

Figure 4. Shoot induction from tobacco leaf discs cultured on MS
media containing different concentrations of BAP with or without
carbenicillin for 4 weeks. A, MS medium containing BAP (a: 0
mg/L, b: 0.1 mg/L, ¢: 0.25 mg/L, d: 0.5 mg/L, e: 1.0 mg/L, f: 2.0
mg/L); B, MS medium containing 500 mg/L carbenicillin and BAP
(a: 0 mg/L, b: 0.1 mg/L, ¢: 0.25 mg/L, d: 0.5 mg/L, e: 1.0 mg/L, £:
2.0 mg/L).

Figure 3. Effect of different concentrations of carbenicillin

on shoot induction of tobacco leaf discs cultured on MS Figure 5. Shoot induction from tobacco leaf discs after cocultivation
media containing BAP and kinetin for 4 weeks. A, MS with Agrobacterium tumefaciences EHA101. Leaf discs were
medium containing 0.5 mg/L. BAP and carbenicillin (a: 0 cultured on MS medium containing 500 mg/L carbenicillin and
mg/L, b: 250 mg/L, ¢: 500 mg/L, d: 1000 mg/L, e: 2000 different concentrations of BAP (a: 0.5 mg/L, b: 2.0 mg/L, c: 40
mg/L); B, MS medium containing 0.5 mg/L kinetin and mg/L) for 5 weeks after preculture. Agrobacterium tumefaciences
carbenicillin (a: 0 mg/L, b: 250 mg/L, c: 500 mg/L, d: 1000 EHAI101 carrying a plasmid pGPTV-HB harboring hygromycin

mg/L, e: 2000 mg/L). resistance (Hng) and bialaphos resistance (BarR) genes.
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acetyl transferase (Bar) 428 X8t 929 T-DNA
2] Fo spectinomycin H3A FAAE AT Yt
Agrobacterium tumefaciens®) 73+ EHA1012 pGPTV-
HBE FAASAA AT FAAE Bae 5 (1994)
3 Horsch § (1985)9] W& Faste] AT J28E
BAP 0.25, 0.5, 2.0, 4.0 mg/LE FH7[3E MS vz Aol 24
A7} B9F preculture 35T} ©) QHHE Agrobacteriumit
o7 387 ZEAZ F AR lA AZA AT 2Y - AZ
AlZl A& preculture WA AbolA 36Al7F ZZuek a1y
oh TN EFE QHALS 7] A7 2 BAPY 500 mg/L
carbenicilling 7t} E3H7Hgk MSu | x)dste] mjk 5
7 Fol 238 2 mm o4 e Ax5e AFL 2R
Gk @ AzA AR 44 EYIRE sl 9
A AEstd fF2EAE A9, bialaphos 20 mg/L7t £3
H MS wiRlell FASAHE o]t AEA Y FAARE B
A

Zn g 1%

A

Carbenicillin S=0| T YZEXC| auxin Z2}

AAZAEA 7} T&EA] &7 o8] 259 carbenicillingt
H7FE MS Z1EuRolA QHHE XA A3, carbeni-
cillino} H7te)A] k2 JAHANME HAES o)A T3l
A Aol JaA=A kot 250 mg/L~1000 mg/L %
b A7bE wiAME A2 Ao #EH 19
1}, 2000 mg/L 9 FmolMs= A Ho] i ZWs Bt}
(Figure 2A). B8t 2|48t G x2]2] AL carbenicilling)
¥57} 250 mg/L, 500 mg/LY wj ztz} 80.6+2.3 mg, 71.3
2.6 mgl 8 FAF] 50.742.3 mg B} FhEo] 2wt
H, 1000 mg/L o]Ate] Fx% Azt z}zF 56.1+3.5
mg, 55.8+22 mg o 2 1 Z7}Eo] Au|3l%ch (Table 1). o]
S}zro] YAF WY 5o A carbenicilline] H7}E w0
A A2 gAdo] AT AL carbenicilline] YA o]
ool auxin EFE 7IXZ JYrh= RAE HAFE Ao|n, T3
2000 mg/L 8} AgTolA ZF o] 2wy Al
%9 auxin H7tlA Yepd As Al 7
Lo 7 ZAME HIE F AT Helth
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carbenicilin =¥ =&X2| &1}

Carbenicilline] @lAl&tA Beix AL 2A35)57) Q&
of auxin®} E&3to] WA FPEAE HESAT MS u)
A 0.5 mg/L 2,4-D =& 0.5 mg/L NAASH o8] ko
carbenicilling H7}gt A3} 2,4-D A g]7o A 250 mg/L,

Table 1. Effect of carbenicillin on fresh weight of tobacco leaf discs
cultured on MS medium with and without 0.5 mg/L of 2,4-D or
NAA.

Carbenicillin Fresh weight/explant (mg)"
(mg/L) Hormone free 24-D NAA
0 50.7+2.3 163.4+22.3 173.1+17.0
250 80.6t2.4 163.6+23.4 1142+ 3.8
500 71.3+26 142.0+17.6 109.2+ 8.5
1000 56.1+3.5 993+ 18.2 95.0+ 6.0
2000 55.8+22 727+ 33 757+ 3.1

“Fresh weight per explant was obtained as the average of explants
from 10 tobacco leaf discs incubated on MS medium containing
2,4-D or NAA and different concentrations of carbenicillin for 4
weeks.

500 mg/L FE7HA] el Fgol FAHNCY 1000
mg/L o)/¢e] FrelAe Aex PAJo| 743kt (Figure
2B). NAA A 2]42] 73% carbenicillin 3710l M= &9
ko] Beld Aejirt B2EGrE 250, 500 mg/L 2
carbenicillino] ¥31# wjAoA HEgr= oA A7}
Z74He A%E Bolth 1000 mglL olel TEolnE
L3 Hejxe] o] JA U (Figure 2C). ¥Hd A&
Z2 24-D ¥ NAA Ha EF\A carbenicilling ®%7}
S7HETE fadted F4H A ok Suieh AFek
S7he ME YA FUTH (Table 1). o] gbzto]
carbenicillin® wjokzzel wwll ZZ oA 250 mg/L ~500
Mgl 55 WANAE ez B4e) EaHolgol B
=] carbenicillin® e~ P& AAstgict ofeidt A
2 F JAREE TSN LY auxin 77t A
2 Ao A E FE= A FAl 2HY AEXELS I
e 283 dRFe Aog Az o9 fAlst Ard
= U (Lin et al. 1995; Mathias and Boyd 1986)°ljA] H 3
H ok B3 250 mg/L % 500 mg/L %€} carbenicillin &
b AL ARREA FR7L WA 2] 24-D B NAAS
A7he AN 2R AF o] ZaF A (Table 1)
< o]n] 0.5 mg/L9] auxing X3+t AFefollA] carbenicillin
o] ko] HrbHo] TEL9 auxing H7FSF A3} bjLd)
A vehll7] o8 FAA 53] NAAE H7st v
Ao A ZaFol & AL AFZEA 7 3 539 o)
2 carbenicillin %37} wjA]ol| A B2 2AZ walo] oA
H RAAE #FHo] Joty E 4 ok

MzE30|| 0|X|= cytokininF-2}

carbenicilin £ =8HA 2| &1t

Carbenicillin® cytokinin®7} a8 wixjdA 2%
Aol vAE %S A A= table 29} figure 33} 7
o} vl &} 45 BAP7}F 289 ujx|o)| A carbenicillin %o



Table 2. Effect of carbenicillin on shoot induction of tobacco leaf
discs cultured on MS medium containing 0.5 mg/L BAP or kinetin.

Carbenicillin No. of shoots/explant’
(mg/L) BAP kinetin
0 155+1.1 3.0+£04
250 6.7+09 0.1x0.1
500 44+12 0
1000 0.7+£0.3 0
2000 0 0

*Number of shoots per explant was obtained as the average of the
regenerated shoots over 2 mm in length from 10 tobacco leaf discs
incubated on MS medium containing BAP or kinetin and different
concentrations of carbenicillin for 4 weeks.

Az AL HH, carbenicillin EX7F 250 mg/L o]4+¢]
ANAM AZ 7t FASHA Zasted 1000 mg/L ol &
LM E AZRESE Ao #E=HA] &9kth (Table 2, Figure
3A). B3 kinetin¥} carbenicillin £ g7 oM =
carbenicillin 250 mg/L. o4 EEo|A = AZx7t A A
A 93k} (Table 2, Figure 3B). ©]213F A= carbenicillin
o} auxin A2 AZEIE A3 02 Holw, kinetin 2]
At I 3t 6% RizkeA ukdE AeR AlEHTh

S AR iAol 2 AdolA ARESE 0.5 mg/L kinetin
FENT £ FE9 kinetind F7117) Ao 3P A
Z 4% %Y 4 Yok 2ok

AMz=E510| st carbenicillinz}
BAPS| &Y =8 3 tI=XE| &

A}710| 4 ¢} 7+o) carbenicilline] AZESE Ao E
2 AA YERGE & AgHRIA ol&HIL 9lE carbeni-
cillin %¢1 500 mg/Lo] BAPE &3 AHalste] AE A
Z49 HeteE AN I A3 g 454 PR AR
T BAP T&= Al ZA carbenicillin 2204
carbenicillin F3 2] Htt Az 74 7AFHT (Table 3,

SHHQIA T J| &2 52 SHHA| carbenicilin Z1} - 473

Figure 4A, B). T3t AIZ3 % BAP 0.1 mg/L ©]3tS A%
TE A7 carbenicillin F-x]2)Fe] w8 xg]Fo)A
okt (Table 3).

o|Ake] Ao M B upe} 7o) carbenicilline] £ wj
28] 2AL auxing HA7MIR A &3] Uehl= datol A
A2 FEE SR8 AxFEE dAske 2FAE AL
USATE mbA, A EelA Agg upet 7o) carbenicillin®]
FZ7b OHIEARZIY Safell HlEr] e WEVE 7R 2
A (A7 24-D 2 NAA)Y| ssh39 fFAMS 7R
(Holford and Newbury 1992; Lin et al. 1995; Nauerby et al.
1997) o471 whioll, & 59 Eul YA i E 7 A
AE 93} carbenicillin 3HIA #7727t AZXEAS AA 8
A X A& FZ8ke ABAATZAA 23E 7RITgE A
= 7393] AR

Agrobacterium ZIAZEC22E] 7|2=2310] CHstH
carbenicillinz} BAPS| g1}

Agrobacterium 77EZ2F 0 ZEE #& AA3} 5o
dutA o 2 ARR-E Y 9lE 500 mg/Le) carbenicillin 2127}
WgFRA A ARHAYS AdAskE auwxindg} FAME 237t
Atk= AHIE st AEA ARE 20E AR
T A, 0.25~0.5 mg/Le) Aol BAPE T3 w0
Me dEH g Az B3t 27) wuko|lon} 2.0~4.0
mg/Le] FxEe] BAPE X3 ujxjoA<= 54~6.7T/12 3
v olAe] F7HE HYth Iy YA AFHE IFE
o] BAP7} X3t vl 7} A5 2o wiA]d] vjs] 1 F7HEol
=9t} (Table 4, Figure 5). o[e}7Fo] Agrobacterium 7+
T A Az 7 A 7FAS AL A oM £
A3 o] Fxuck 4EAI7 23 Az 2 ZdHA
o] XFzA e AP FAEHA 9% g
= Atk &3 Agrobacterium 738 F A %7 2
bialaphos 20 mg/L. Z3HE v x| A 171 L7k vj kgt A3, =

1 3

AL e Az 47 & FE8 Ax 429 0.
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Table 3. Effect of BAP on the regeneration of shoots and fresh weight of tobacco leaf discs cultured on MS medium with and without 500

mg/L carbenicillin.

No. of shoots/explant”

Fresh weight/explant (mg)'J

BAP (mg/L)
Carbenicillin free Carbenicillin (500 mg/L) Carbenicillin free Carbenicillin (500 mg/L)
0 0 469+ 25 61.5+ 49
0.1 3.0+05 159.5+ 249 260.6+ 9.2
0.25 63x1.0 2.0+04 626.31+106.2 490.2+77.9
0.5 11.6+1.0 52405 1392.7+1194 1334.5+84.8
1.0 16.0t1.1 6.0£0.6 1667.7+£128.9 1324.8 +88.0
2.0 19.1+1.2 95+14 13443+ 54.6 1110.8+934
4.0 30.6+2.0 19.2+19 1190.1 + 81.8 1055.6+54.0

*Number of shoots per explant was obtained as the average of the regeneration of shoots over 2 mm in length from 10 tobacco leaf discs
incubated on MS medium with or without 500 mg/L carbenicillin and different concentrations of BAP for 4 weeks. ®Fresh weight per explant

was obtained as the average of explants from 10 tobacco leaf discs.
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Table 4. Number of shoot and fresh weight induced from tobacco
leaf discs on different concentrations of BAP after cocultivation
with Agrobacterium tumefaciences EHA101°,

BAP (mg/L) No. of shoots/explantb Fresh weight/explant (mg)°

0.25 0.5+0.1 4089+ 14.1
0.5 1.9+0.3 59394320
20 54104 1182.2482.0
4.0 6.7+0.7 879.0437.9

*Leaf discs were cultured on MS medium containing different
concentrations of BAP and 500 mg/L carbenicillin for 5 weeks.
Agrobacterium tumefaciences EHA101 carrying a plasmid
pGPTV-HB harboring hygromycin resistance (Hng) and bialaphos
resistance (Bar") genes. Number of shoots per explant was
obtained as the average of the regenerated shoots over 2 mm in
length from 10 tobacco leaf discs. “Fresh weight per explant was
obtained as the average of explants from 10 tobacco leaf discs.

Eol @& zole figloy A4S Bl AUl AAS
3u) o) o g AHHAL (AR vjAA). ol F
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Adas 2718 22 7dEd o33 432 FuE o
W Agrobacterium X9 & @ AAE Y804 carbenicillin
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EA] carbenicillin®] g3& T#F ZAdA HHo| A&
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Agrobacterium tumefacienss /N2 ¥ FAHZ 340
A AFAZ AMEHT e A carbenicilline] )
(Nicotiana tabacum L. cv. BY-4) Q23 wjotk A 7323}
of mAE AL AESYTE BAPS kineting 27t 0.5
mg/L g7t MS #l A 250 mg/L~2000 mg/L ¢
carbenicilling A3 Ao 2% $= 34 72590
T3 carbenicilling Y= 718 AW 0.5 mg/LY] 2,4-D =
NAA<} 3718 MS wiA oA 250 mg/L ~500 mg/L =
E9 carbenicillin® A2 JFAE Z7iA 7T wA
carbenicilling 0.5 mg/L¢} 2,4-D, NAAS} Z}z} E3A7)s)
WjRJol A wjE 4R A|agAe] AEaRe carbenicillin®)
57} 250 mg/Lojl A 2000 mg/LE ol 2 Aty
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