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ABSTRACT

This study was carried out to develop the method of alkaloids analysis and investigate the kinds and
contents of alkaloids in flue-cured, burley and oriental tobacco leaves using developed analytical method.

The developed analytical method of alkaloids was as followed : Tobacco sample was treated with acid (pH
2~3) and extracted with chloroform to remove chemical components except alkaloids. Sample solution
was treated with alkali(pH 12~13) and was extracted with chloroform to obtain alkaloids from sample
solution. After extraction of alkaloids from tobacco leaves, alkaloids were separated and identified by GC,
GC/MS using SE-54 fused silica capillary column.

Nicotine, nornicotine, myosmine, B-nicotyline, anabasine, anatabine, 2, 3-bipyridyl, cotinine, formyl
nornicotine, acetyl nornicotine and formyl anatabine were isolated and identified from the extracts of tobacco
leaves.

The contents of alkaloids were burley > flue-cured ~> oriental tobacco leaves, but oriental tobacco
leaves were higher nornicotine, cotinine, formyl nornicotine and acetyl nornicotine contents than those
of flue-cured tobacco leaves.

The burley tobacco harvested in Korea was higher nornicotine contents by 2—6 times in the portions
of cutter, leaf and tips position than that of burley tobacco(BsF) harvested in U. S. A.

S Fo8 JEoz gl gte] & JFL wHAYY,
i dgzolT £ 4% g e UIHL
] SRt g BAL JelE 743 s oA gAY, IS A ¢



STEYl Alkaloidst:Alol #% AT

ZrolEe £7], 9 9 AFHA FHBP.
o9l dZEelzy fAYEE F ¢Z=RoE F
Ze AR AT YId g =2 Igo
2 Agded Boste FRA o3l A=
v, dATolx FFE FF, AR, AwWzA
Sol 9FL W Roez A Yoy, @
dZ2ole F ol 7MF & VRHL A
2=23-¢ vehe] 4] pHY what 7R A=t
gabd iy G508 47|98 § S4& At
¥E Aoz dHA Y,

AF7A Ao A EEd dBRol= FHehE
& Y2y, 243", anabasine®] 95% ©o|¢<
A8k 1 o]9]e] myosmine, anatabine, T2
|7 A 93 §E, anatabined BEE Fo| 7
ZFo g ZAlsle AR DA gy,

ddHE gEFol= B HYLE Lose TP
gd@e)2, Lyerly 3We 4, 9Zgz F&35y
G2 o|PA|A 7|H ZEvETLHZE AFE-3HA
B4 5= Wye] ¢ A Ak, £§ Matsushima &
weo Hogkol AZE vz $&35te) NP-FIDZ
o ALY EL MHdgoz HAFE HEVE
ARt 48k WY Fo] dE A ok a2y
ozlate A4e A gB2es, Umgle wo)
BEARo] 9o, 28l YA dgReln F4
Wo) g ATE niug Aoy,

adeg 2 dFdae fe ¢zg-&&E
&2 2 3 @2 Hyd o8 dEuwF J
FEl, =2 3¥g, anabasine ¢|¢el njFgo g &
Adhe 2o AR P = e ¥
Mubpo g HESY, ¥/A F5 dgule 9
2ol FFL 2AEIETH EF FE21HL A
Aol Fa ZHAZA E437] AT HEE 3V
& AL ¥ AEE 4, 9T AP ¥ 9L
HAd e F71A FE&WHe va HEINQh

U

1. Qe Azt dE20|=2 5 8l 22|

el Alge S g2 Fof A8 HE fmd

gz vddFe T 358, It FAF,
HYg &L BFE, SEJERL oj&VE, ui&
n}& 7t7} #ate] gl E R AP wet A EE
243t ok,

gZZolT o] 2Z 2 AR 209% & FEF
2ol ¥ wWEgse 150mME 7Ha) 16413t Fet
Z2z54c, HE9gzg F2ES qFHso 2
=&7)(50C, 10torr) B &% & 2N d4r89S
748 pHE 2~30.2 2RF UL, FZZEF 100
nE 7HE 33 &3 GLRO|E o HES
AAsEch A E2& 5N FAFUEE 49&
7}o] pHE 12~1322 ZA&2, W EFEA=
0.01% dodecane FE2ZEXE &9 10mE 713},
ZZ2FE0E Y| FHIYY. EER
TEES AYEEYE &3 521, FFE
Age FRLEES 7H omleE Eeh2Ad
EM7A AEF GC L GC/MSEHE AE= AL
&3ttt

2. GC % Gc/msol gEt dzt=ol=e 22 Y
0l

dg=zo|=e Bl HP 5890A GCE A3
o v R FE SE-54 fused silica capillary column
(30m X 0.25mm [D), &¥71A Y A4 FE52 1
m/min, FY7 L AE7(FID) =& 47 250
T, 2E# X2 130T 582 A%, 5C
/minZ 250C7HA A5A1711, 250CAAM 603t
FASE 2702 A8 3ulE split mode® T
Stk GC/MSe) 23 ¥z zol=e e U &
¢12 Varian MAT 212 system 2 S5 MAT 188 data
systemS AMEEgow, GC/MS =42 ion sou-
rceZ EI 70eV, ion source &¥-& 1.3 X 10 *torr,
ion source &% 220Co|Uth,

3. F=ye| oln

1 gzl A2

SHlAlZ 299 E 15m, 10%FASHIEF
29 1o, WE EFZEFZ 0,01%dodecane &
EER¥E 49 oiE Y3, FEZXE 50nLE 7}
3he} 1083 AEE. Vgtelg o 2w



A7) - B - P8 -

=713l SRILIEF B5mE B A3 2AE27)
2 4 w58kl 559 e FREXE IS
7hake) GC 2 GC/MSEA & N2 ALgatgr,
2) 2, &zE Ay

Sl A8 299 2 25mE vbElal oN @4k
Ao R pHE 2~30 2 AR UL F2ZXEF 100
g 713 338 F28t QB Ro|E 099 RS
At EF& A3 kg ey 5N F
AFUEF FY° 2 pHE 12~1322 A3
W REEEZ0.01% dodecane FZEXE £
IME 715 &, SERXE 50mE 33 718 o
Z2o|=E F&39rh. FREXEZE AYEZ7
2 &4d FFA71A 559 N80 E22¥F 1
ME 718 GC 2 GC/MSEHE A 87 A9
t},

U

bt ]

10

12. Foomyl anatabine
! A

ol&3

4. GCoH 2yt el & AH20|=2| F
GCel o7 g} 3 A=) HAFe ¥

&5l 8l¥ YURH", anabasine® R Ty
o3 ARsigon) Urix] d72o|s 7} AR o)
92 HolE R EFE4A B98 Welm 1}
Fo 2 82 Jeh)sict.

2o % @
1. GC % GC/MSOf 2/3 Uil 5 Ytmo|=o)
22l % ol

ZIA ARvtEIHZ] 9T AFHS g o)
ZE BT VA aznEage 29 17 2gbt),
19 199 vrebd vk} 2o] SE-54 fused silica capil-

1. 1SmM (Clz)

2. Nicotine

-3. Nornicoline

4. Myosmine

5. B -nicotyrine

6. Anabasine

7. Anatabine

8. 2,3-Bipyridyl

9. Cotinine

10. Formyl norpicotine
11 1l. Acetyl nornicotine

10 20

START

lary B2 o3 2o AEEe 29T F o
ek,

714 ZEnfEIdE) o3 EE & B9
AES A7) A3td AlRE VA I=rMED
E-FFEArle U 7 B AR
AFG 24EHL Atk o] F BEATe] 1469 2
FAEEYE 2929 JElAT. o] A A9
E#-8 EPA/NIH mass spectral data base™®ell
EH »2Usde Ay AHEHT Edo|2o]
Ags) dAstgen, BAl#ge] 14602 o] HF
Be e2Uzdd s FA¥E F U

oe} o] AF2HE AN A BA g, Eoo]e]

30 40min

Fig. 1 GC Chromatogram of Alkaloids from Burley(USA) Tobacco.
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Fig. 2 Mass Spectrum of Nornicotine from Burley
(USA) Tobacco.
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Flue-cured Burley Orient
Component

Korea U. S. A. Korea U. S. A Izmir Basma

e e (yg/g) m e mm e m e e

Nicotine 11975 15480 25422 34205 9038 14227

Anabasine 141 201 287 319 30 109
Table 2. Relative composition of Alkaloids from cured leave
Flue-cured Burley Orient
Component

Korea U. 5. A. Korea U. 8. A. Izmir Basma

"‘""""""""'"'.(Peak area/ISTD area)‘*'-"“""-"'“-'--
Nicotine 208. 650 269. 740 442.967 596. 002 157.483 247.902
Nornicotine 0.578 2.314 59. 446 12.251 5.684 9.962
Myosmine 0.502 0.855 2.583 1.330 1.736 0.430
Anabasine 1.407 1.995 2.855 3.175 0.298 1.080
Anatabine 6.107 6.764 16.828 17.733 1.738 4.695
2, 3-Bipyridyl 0.350 0.280 0.438 0. 467 0.099 0.246
Cotinine — 0.215 0.986 1.309 0.603 0. 595
Formy! nornicotine 0.174 0.745 3.835 2.264 1.171 1.189
Acetyl nornicotine - 0.130 0.867 0.405 0.267 0.281
Formyl anatabine - 0.244 0.087 0.127 - 0.076
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Table 3. Relative composition of Alkaloids followed by Stalk Position of Burley Tobacco

Korea U. S, A,
Component
Lugs Cutter Leaf Tips BsF

--e--- -« (Peak area/ISTD area) == ==x =+ - v vesmmsoeescnrmans
Nicotine 108. 052 211.015 481,236 510. 046 496. 825
Nornicotine 3.537 26.483 52.788 74.971 16.114
Myosmine 0.997 1.084 1.705 2.603 0.875
Anabasine 0.539 1.109 2,796 3.393 2,758
Anatabine 4.291 10.738 21.697  23.645 16.041
2, 3-Bipyridyl 0. 220 0.236 0.243 0.257 0.207
Cotinine 0.530 0.423 0.442 0.541 0. 560
Formyl nornicotine 0.751 1.373 1.630 2.168 1.229
Acetyl nornicotine 0.149 0.214 0.262 0.305 0.220
Formyl anatabine 0. 062 0.058 0.072 0.079 0.078
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Evaluation of Cigarette Quality by Use of a,-Protease Inhibitor

H. 0. Sohn, H. B. Lim, Y. G. Lee, D. W. Lee and Y. T. Kim

Division of Chemical Research, Korea Ginseng & Tobacco Research Institute, Taejon 305-345, Korea

ABSTRACT

Current studies indicated that emphysema in smokers might be due, in part, to the local suppression
of a,-protease inhibitor(a;~PI) in lung by reactive oxygen species in cigarette smoke or smoke-activated
lung neutrophiles.

In the present works, we examined the possibility that a measure which inactivated «,-PI by cigarette
smoke could be an alternative method to evaluate the cigarette quality. In order to determine the inactivation
of a,~PI, trypsin inhibitory capacity(TIC) was assayed. A rapid loss of a;~PI activity occured when a:~PI
solutions was exposed the gas phase or total particulate matter(TPM) obtained from various brands. The
inactivation of a;-PI by gas phase was dependent upon the number of puffs and the age of the smoke.
However, that by TPM was rather decreased since 2 puffs and also showed no more change over 24hrs
after exposing. Inactivation of a;,-PI determined by our suggested method(5 puffs, 24hours of aging after
exposing) using various commercial cigarettes exhibited that high tar brands has inactirated it more strongly
than low tar cigarettes. But the ability of some brands to inactivate ¢.-PI does not correlate with the content
of tar or nicotine.

These results suggest that the degree of o,-PI inactivation by cigarette smoke may be a useful index
for the evaluation of cigarette quality and that it should be also contribute to the manufacture of less hazardous
cigarettes.
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Fig. 3. Comparison of %-PI inactivation by high
tar and low tar cigarettes.
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ot ojet= WHAE tar, nicotined o] T
HAE 5 puffARAIA AL 2417 AT F
a,-PI18] E&EAsE &4t 2 23 gas
phase?] A% AR7} grelitro 5elv) o 2o g
PIE B8A43AAG(Fig. 3). §H TPMAMNE o
~PI8) EEAo] Atz Fekatels mElm
AARY A 5991} gag phased| A E 2 2ol &
S, o] AFAE tar¥Fol B 7l o-PIE
o ®e] 284847 ALz B9l

e ARE &Q13817] Y93 tar®}t nicotined
ol thoFdt ] Fo 4t 2 94 Bl E 7R
o-P19) BE€A4%E Q89 MFig. 0. 2 2%
o] q,~PI®] @437} tart} nicotine®] %
A¢Ae) ke Ruvee g Ao AdAol
ATt
Gas phase?] A% A Z tarFFol S74ETE -
PIe] 2845} 27tE e A% R A Fig. 5).
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Fig. 4. Comparison of %-PI inactivation by brand
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Fig. 6. Comparison of inactivation of %4-PI by gas
phase cigarette smoke and nicotine contents.

3. BXH BRON T3 o,-PIS| BB s

FAA7L A2 B2 S ZE AAEA BE a- T 1007 M
PIS| B8 AES HZH A5H(Table D) $4 T sl B o acd
A7 o4 1ot active carbon®lYt silica gel - :’::mw
Z 7 filter'@vl 7} zeolite} polyethylene glycol 53 5 % B Catechol
fiter T o-Ple] REAIF B Ak g 2 Casiese

2 Aniline

4, Fee radical scavenger B4 9l EHEM ZHE = 20'_ g so

T AZNF WS4 0] 2 free radical =S AATE 0 8
T A& ascorbic acid¥ F4HEA A free radical ) ) Antioxidants
scavengerS € o PI&d] A7letal o|Zo] o Fig. 7. Protection effect of antioxidants and free
w-Pl8] B3 e =Alaelct radical scavengers against inactivation of

2 @7 29 78 o] NAC, ascorbic acid B %Pl by gas phase cigarette smoke.

Table 1. Comparison of a;-PI inactivation by various adsorbent triple filter of cigarettes.

Adsorbent Inactivation of ¢;-PI*
Zeolite 48.4 + 6.7
Active carbon 35.4 £ 5.5
Silica gel 39.2 + 3.4
Polyethylene glycol 48.2 + 4.8

* Inactivation of 0.-PI by gas phase cigarette smoke

p—
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glutathione®] o,-PI&] B85S AAsA 24
AL catalase, SOD 18] 3L aniline® o= X
E3a34E BAF. HE 0= in vitod] 7
Solvk Gl filter5oll +8 38k free radical scave-
nger£¢ A&7154% AAME &4,
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A3t ot
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742 gl AR AL YL AASFAT elas-
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=1 o] & elastase®) FA7F o} f 1 7HA I vy
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w§ APy fgFelcd, o-PI7t trypsin®l] e
Hel o] elastased] ¥l8] Th: W71E 3t 2 &
243} okAtol elastasedt AV W7 tryp-
sinA 852l 90% 7} ,-Ploll 9| &3n g o] F H
Jhgtol Qlo] £ 227}t §1& AR AsEY.

Tl 71 9] puffF B e F A B el BE Pl
BgA8le] A3E g Foidde HElE RoF
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nseE Uehfo] ag ezl sHsdE BT
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TPME & 37171 0PI 24 98-S AA
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Regeneration of Tobacco Tissue Introduced with

the Maize Transposable Element Activator
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ABSTRACT

To explore the possibility of introducing Zea mays transposable element Ac(activator) which can be
used as a mutagen and gene tag in tobacco plants other than maize, we tried to introduce a cloned Ac
element into tobacco cells by an Agrobacterium tumefaciens binary vector system. Transformation of N. taba-
cum cv. Burley 21 tissues and regeneration to whole plant were carried out. The frequency of the transformed
callus induced in shoot induction media was higher than that of transformed callus induced in callus induction
media.

However. the calli were not grown in the second selection media, and became yellow senescent calli.
Regenerated tobacco plantlets with foreign gene were also obtained in shoot induction media containing
100 pg/mé kanamycin and 100 ug/mé carbenicillin. The leaf tissues of transformant was also resistant to
1000 pg/mé kanamycin. The chromosomal DNAs of transformant and normal plant of N. tebacum were diges-
ted by EcoRI and Hindlll but not by PstI.

A B2 9] Ti plasmidE ©] &3 B4 vectors] ©& ¥
8. ot} A Z9) 4 2E homologous recombina-
g9 FAAY vector A Agrobacterium tion®l ¢# Ti plasmid®] 4 A171% intermediate
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vector system?2- o] &3l 2 (Matzke and Chil-
ton, 19807 AFELE X sty 2 Y29
#4248 A3 vectorol A3 DNAE Al )A
HEAEZ o]FA 7=l YT FAA s ac-
ting element) %! T—DNA border sequence ~1&] 1L
A, tumefaciensTF E, colittT 4F BTN
BHE = 3= replicon® 2 ZA 2P A
T 9l FA KA Qe F B2 1 plasmid
Fr Az Z71% A. tumefaciensTF2) Ti plasmid
B} 4] Zon 2 23 g tdsie, o
FrAzLe] o] Fe FAgE pir H A= Ti plasmidl
o8 wr HAHA (in trans2) FL32= E.
coliol A F+AA 2202 binary vectord) A4Y®
FrAAE olv Ti plasmid® 21 e A. tumefa-
ciensTT5 =2 o] 5 HM ol TF= binary vector$h
Ti plasmidg FAlel &/31A 2}, ulabd 4 &
Axe] AAEL binary vector® helper plas-
midE FAlO 23 AE A, tumefaciensTF 29
FAl wieF el ol o) FojxA )

A FAARE o281 = FFER F
&3] F71E 3 o 4o 2Ysna e e
REY FAAZ HEA, WEY, A2A WA 59
7R 7 A8 fFAAES QAo dn
g1} (Raineri ef al., 1990).

S759 HolQlR F  Activator-Dissociation
(Ac—Ds) elementi= McClintocko] 19480l 22
0.2 B Holdrle|tt. 4o AR
FA 8= wary(uwr) FAAANA Loz AcHH
2A7F FelE91em (Fedoroff et al., 1983), 1
frAAte] A7) 4.6kbpoliL, FFH Eol 11bpY
4t H¥E A d(terminal inverted repeated se-
quence) ©] 1.o.7 Holsle] 4YE muie} ghpo
A7} Lol 3t} (Pohlman et al., 1984). AcH-3
#pe] Heole AEY A Fejo) wat DAy
(Schwartz, 1984), dosage effect®] 2]3te] A|EW
o A copyF7t S71EHA A o)9127} repressor®
w5 HolE A8 (Schwartz and Echt, 19
82), AchAe] methylation® 2% Holg £
+% 9 Chomet et al., 1987).

332 AcHAAE ©] 83t gene taggingHd

(Hehl and Baker, 1990) 22 #-&3 F#4AE clo-
ning3t3Lz &5 0]9]9 HEE ojHT Mo
JAAE o], FAAFL A d77 Bl
F5T ow, AchAATT SFoldd A%
(Baker et al., 1987) @<, Arabidopsis thaliana
(Van, Sluys et al., 1987), E"IE(Yoder ef dal.,
1987), F(Zhou and Atherly, 1990)% A ZHo|
ol Huge vk £ dFe JR-HFIAAT
E9¥ Wolglg gu g 4 FAHALH, W
oj2]E @l (Burley21) Ao SR FAREE
A EAANM FHR cloningTHLE o8 7lFAel
2lE o] 1Al Activator(Ac) A AR £& A%
gy, FANFE Hujz2 A A EA AESE
Az &g Th

SERUET

B Aol ALS-8 Escherichia coliTt T vector2]
FAAE, 52 € 1A AR .2 Agrobacte-
rium tumefaciensTFE= 929 FEAHS AP
hostZ AMS-8MSEvH, AHuIRQ] 79 E, colid
Hl Z) o= kanamycin(Km) 25 ug/mé¥} chloramphe-
nicol(Cm) 25 ug/mé, tetracyclin(Tc) 10 ug/méS&
Zrzy AR a2, A, tumefaciens2) WA o & Km
25ug/mé, Cm 25ug/mé, Tc 2.5ug/méS ZtZ+ AL
ettt B Ao AL E gk FFL AuF
AZ2A Nicotiana tabacum cv. Burley 218
FF 25~ 21CA 72N g8~ 12F F¢ A
M3t QEE A2 AMgsigc. B 40
AHH AT AL S T4 DNA ligase:= Boehringer
Mannheim GmbH, BiochemicaZlAtell A 3815
a agrel ¥ 2 A)okE-& Bethesda Research Labo-
ratories¥] AL9} SigmaF| Al A L8k ARG
o}

K=BIEl binary vector?] =

Ti plasmid vector system® Y&<! binary vector
pEND4K(Klee et al-, 1985)F vector plasmid=
AbgEtgen S5 FolA AcHAATT wary
FAA AdFo] mutant’t B ux—m7NA
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clonedt wx~m7(Ac) A2 (Behren et al., 19847}
Fedoroff ef al., 1983)8 ©2 AE9 {ARE
A28 9T, Wr—m7 clones Sall & Eco RVA
FAAR o]F A8l pBS(+) plasmid®) Sal I 7
Smal sited] 45+ BMPACTS #2389 o.m,
BMPAc7& A§ &L KpnI # SalI-g A& &
W& pEND4KY KpnI#} Sall siteo] AF§dshed
A 2% A Z2F pENDIK—Ac7 plasmid(Lim et al. .
1990)8 AH&3F

Binary vector®| Agrobacterium 22| gl

Plasmid DNAA 213 A, tumefaciens®) 32 E
€ An(1987)9] triparental mating®}'8-& AH&-3H54
ow, olaf donor?! E. coliTF= kanamycin 25
ug/mé, chloramphenicol 25ug/mé¢] ¥3d LBl
oA v &g om, helperl E. colifFE ka-
namycin 25 ug/méo] E3E LBejA A ul ket R
v}, #@A ¥ F5F= kanamycin 25ug/mé¥} chlo-
ramphenicol 25 ug/méo] EEE AB¥lA A ¥ F
sted Aatslg el Tetracycline® 4 A2 5= E.
coli®) WA NXE 10ug/ml, A. tumefaciens] ¥
Ao N 2.5ug/mb& A7) ALREAT

A. tumefaciensOll 2|8t AXZE|2| HEME!

dzo FAAR AYL Az G& 24 & 0%
ethanololl ] @#3§ ¥ bleach(1% sodium hypoch-
lorite) &<ol 10 ~ 1583 dodi FHFE 3

ol FAZRAY, FHF d& Fe HAo=Z
TrEo] ojv] Wik A, tumefaciensT%F NA| cal-
lusr7) BiRIAN A FA] v FE 3T ol 7F 9
FEE 10° ~ 10° cells/meo) .2.H FA B kL 1 ~
347 FY3At. FAMYF FTE 9
Fde HNz AAY ohE kanamycin 100 pg/
mé?} carbenicillin 100 pg/mé o] EFHE 2 & u)x]oj)
A4ete] FAAFANE AP, M=he)z) g
hormoned =+ callusf 718} Ao 2, 4—D 0.5
g/me7} F7HE MS ¥R & AMR-3 L Ba) R 7]
A= S28g FrekAl @oith

Zut 9 o

A. tumefaciensOll 2|5t AZETE|Q| HEME

dxo gAASGRHE A, S5l uA §4A
WAde] e AZF binary vectort =€ Agroba-
ctevium tumefaciensT T8 Q2ZRHE FANEFSH
% kanamycin 100 pg/m, carbenicillin 100 pg/méE
A7}skn 2, 4—-D 0.5pg/mé, kinetin 2 pg/méE
A 748 callus-7) 90 A1} auxine H7F3HA) g3l BA
0.5 pg/met @713k shootf71M Aol AxFZE
explantE 247} ¥l &3t callus71&-& =AM
o g, 2 A3 Tables 1, 29 2t

2 H binary vector pENDAK—Ac72 EAA
B89 callus®] §718S ¥ Y, 2, 4~-D% kineting

Table 1. Formation rate of callus in transformed tobacco cultured on the callus induction midium

No. of explants

Variety inoculated

No. of explants

with callus %

Burley 21 227

2 0.9

Table 2. Formation rate of callus in transformed tobacco cultured on the shoot induction medium

No. of explants

. No. of explants
Variet : P

anety inoculated with callus %
Burley 21 168 33 19.6

e
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WA G callus 7R A E 0.9~ 3.7% 9]
@2 f718E B 94, BAT A7HgE shootft
71 A E 12.6 ~ 19.6% 9 =L #7182 BE0
(Tables 1, 2). ¥ %9 WX 53] FF3t Apol7}
Aew 538 BAY A7ME shootf7]8l Ao A
worgh Br2l EF0] 19.6% 24 /M £& callus
#7184 BU%. 2183 #7149 callusE ¥
A AR ol A Al wjdstA HE k3@ Yol
dolut AdE s AeS B4k Baker 5(1986)
& AcHAAE 929 protoplastd) FAAE3}
kanamycin 200 pg/mée] FEA FAASAE A
BEhe A ActAAL flo) 9 AEYE HEG
FAHJEH dehtes NxE o 25% 032 W
oA HustgE v, ¥ APNME FAAS
A 2EN=S AcHAA flo] FAAEY A%
B @A YeuEs Zes Hol 189 A
2 A¥e Bk, 22} Bakerd(1987) 9 4
o= FAASE ] 443 ARy AxE
Axe EFch

718 callus?7t FAPEA 2] At z]e A K
o] 4 AA3}A] E5FG A% Table 2914 Ea= wlel
2o] shootF7 Wl Z| o] A callusf+7]&¢] EFgonE
pEND4K —Ac72] §AHE-E shoot -#7] Bl A
A=dHe o] HAAEN FENES & A
o2 Y=o FAHE F selection marker?] ka-
namycin 100 ug/mé<} carbenicillin 100 pg/mé7} X
T shootf7|MA el dxo HIAZA {7
4 AEFHEF A =sHch

YETEE AE=3 0| M5t

249 oA} Ach-HAE Aie Y7
A3ke], AchHA7F 4YE binary vector pEND4
K—Ac7 plasmidE EEIL A= A. tumefaciens
A2817 59 AFZYE FAMSYA s ¥
AG-L Aedtgen, AdYguAE o]&std ¥4
APAE AEsda, o] FAHBAREE d2
A 2A ALHE AEsidu. AEA] AEss
AcH A7} T3 pENDAK—Ac? plasmid = 83
A AYPS FP& A2 =FqA {FUI1€ callus
Axe AEsel 4F& 2 Rt AchHA

A7} ¢l3= pEND4K plasmid &2 pGA643 plasmid
T8 FAAH H4dg YT A% ZHAM #
718 calluselAE A&7t =t
Baker5(1987)2 Ac#AAE NPTIHdAel
untranslated leader region®ll 49 ¥-& 2+ dz&ol
AcHAA7E 0] F8 A kanamyciniAE 2A 3=
vector® TE] g AFAAE o) &3} ¥
HAAPE cloned HET o|EdA DNAE 4%
A% dzo| M Ach A7} ol otk Bashg
T, Zhous(1990) & FoNM AcfHA7L A -
glucuronidase (GUS) +7#te] ZEFOE AcHA
A7 9 callus E ALSE ZH M BT o] F
i BuE A @k o]&9] Hald v
Z0] B pENDAK—Ac7 plasmid® 32 A E= 0]
718 callusdll A | o] 49 A&7 HA Y=
Re AcHAAT} ARAFNAN 222 o)F3Y
Ao Y FAR Y=ol o o] BEE
R AFo) U A2z ALgH 38 o]
N AT HET} Al&=lolor & Aoz AZA).
HolQlzte] =qle 2 HAMNFH Fo g &
TZ%(Zhou and Atherly, 1990)E Fig 3lo
Az AE Heldzrt == ARsd Aujg
A2E d1a FAHE 0|88 o F4L #7]
B2 A. tumefaciens A81TFFE  A. tumefaciens
LBAUMMATFE A T Al tumefaciensT T2t
Hz o] FAY A|THE 1~ 2994 2~3Y=2

dastyn, FAASA 2] Hebufz]2] hormoned]
27 2 FEE gdly A dPL AL

Fystgeh. 2 d3 AchAA7 4Y9E pEND4
K—Ac7 plasmiddl 2l8] FdA#E dx23HF
Hgo2 vBoE]FE Br2lolA shoot®} callus?t &
718029 (Fig. D, #7182 103 =2 Ugyt
o AESIT FEA] godd olde AL
ZHNA F71H calluse F2 G4 FAAF
A7t YAEF o) HA #7719 shootd] A
FAEE F9oA AFH shoot’t F71H 7= Y
a, =3 7tgarely AAd RYAME shoot7t
#7148 callus®2 £4o] #7157 % 34 Fig.
D. & 65 sUFTAE Fig, 29 Zo] callusell A
#7149 shootst 3 shootNA A&} shootE B
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Figure 1. Shoots and calli induced directly from

N. tabacum cv. Barley 21 leaf tissues
cocultured.

N. tabacum leaf tissues were cocullured
with A. tumefaciens A281 containing
pEND4K—Ac7 plasmid and incubated
in the selection medium(BN) containing
100 ug/mé of kanamycin and 150 ug/mé
of carbenicillin for 4 weeks after coculti-
vation.

Figure 2. Growth of shoots induced from N. taba-

cum calli.

N. tabacum cv. Burley 21 leaf tissues
were cocultured with A. tumefaciens A
281 containing pENDAK— Ac7 plasmid
and incubated in selection medium(BN)
containing 100 ug/mé of kanamycin and
150 ug/mé of carbenicillin for 6 weeks
after cocultivations.

piiit

Figure 3. Growth of multi shocts induced from
N. labacum shoots.
Shoots of N. tabacum cv. Br21 were in-
duced directly and incubated in selec-
tion medium(BN) for 9 weeks after co-
cultivation.
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Figure 4. Induction of roots from shoots.
Induced shoots of N. tabacum cv. Br2l
were incubated in root induction me-
dium containing 100 #g/m¢ of kanamy-
cin.
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Figure 5. N. tabacum cv. Br21 whole plants rege-

nerated.
N. tabacum cv. Br2l tissues were cocu-
ltured with A. tumefaciens A281 contai-
ning pEND4K— Ac7 plasmid and selec-
ted by kanamycin resistance.
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Table 3. Response of regenerated N. fabacum tissues to kanamycin
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Figure 6. Restrition patterns of chromosomal
' DNA of transformed and untransformed

N. tabacum cv. Br2l.
The chromosomal DNA was isolated
from leaf tissues, digested with restric-
tion endonuclease and loaded 10 ug/mé
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Protection of Tobacco Plants from Bacterial
Wilt with Avirulent Bacteriocin- Producing

Strains of Pseudomonas solanacearum

Y. K. Yi

Korea Ginseng and Tobacco Reaserch Institute

ABSTRACT

Control effect of an avirulent bacteriocin-producing strain(ABPS) Y61—1 of Pseudomonas solanacearum
on bacterial wilt was 58.8 % when the bacterial suspension had poured onto the rhizosphere soil of tobacco
cultivar NC82 on one day before transplanting to the field and of hilling time. Until eight weeks after
inoculation, survival of the strain on rhizoplane and in stem of the plants inoculated was better than that

of other four strains tested. It suggested that survival of the ABPS in and on the plants should be supported
for the sufficient protection.
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Table 1. Bacteriocinogenic activities and pathogenicities of bacteriocin-producing isolates of Pseudomonas

solanacearum.
Diameter of inhibition zone(mm)* Disease
Isolate Origin
Y5 Y7 Y8 Y9 index**
Y5 K60 0 0 0 35 5.0
Y10 K60 25 0 0 31 4.6
Y61—-1 Y61 20 26 26 21 0.0
Y61—2 Y6l 17 26 25 15 0.0
Y61—3 Y61 20 25 23 28 0.0
Y6l—4 Y61 19 25 20 29 0.0
Y61—5 Y6l 23 19 0 23 0.0
Y9—-1 Y95 0 14 0 0 0.0

*  Each bacterial isolates was seeded with 4mm-diameter aluminum rod on casamino acid-peptone-glucose

agar plate in 9cm petridish. After incubation at 30C for 2 days. bacterial cells were killed by exposing

them to the vapor of chloroform.

* % Roots of 5-wk~old tobacco cultivar BY4 were dipped in each bacterial suspension(10° cfu/mé) before
transplanting. Disease index ranged from 0 = no visible symptoms to 5 = completely wilted or dead.
Figures listed are average of 12 plants oberved at 14 days after transplanting.
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Table 2. Number of colonies of avirulent bacteriocin-producing isolates of Pseudomonas solanacearum detec-
ted from the roots of tobacco plants inoculated with same bacteria.

Tobacco Number of colonies(10* cfu/g frash wt.)*
Isolate ‘
cultivar 0 1 4 8**
NC 82 125+ 75 148 £+ 141 137 + 103 16 + 13
Y61—-1 KF 109 120 + 18 151+ 63 127 + 26 7+ 5
BY 4 58 + 36 42+ 34 8+ 5 0+ 0
NC 82 45 + 40 65+ 44 94 + 57 7+ b
Y61—2 KF 109 140 + 54 182+ 81 28+ 16 3+ 3
BY 4 152 + 48 72+ 78 5+ 8 0+ 0
NC 82 125 + 82 95+ 55 45+ 25 4+ 1
Y61—3 KF 109 173 + 63 308 + 166 b2+ 34 4+ 2
BY 4 86 + 69 113 + 111 20+ 32 0+ 0
NC 82 24 + 29 69+ 78 51+ 36 4+ 3
Y61—4 KF 109 66 + 26 152+ 87 68 + 53 24 2
BY 4 37+ 22 69+ 67 20+ 40 44+ 4
NC 82 142 + 54 183 + 178 29+ 14 3+ 0
Y95-1 KF 109 87+ 95 107 = 113 181 + 205 6+ 4
BY 4 158 + 53 132 + 110 20+ 21 1+ 1

*  Tobacco roots were dipped in the bacterial suspension(10° cfu/mé) for 30 min prior to transplanting
to soil. Whole root systems were washed in running water for 1min. The roots were ground in
glass tissue grinder. 0.5m¢ of each root extract suspension was plated on the TZC agar medium
before pouring 5 mé of melted 1.5% water agar on the agar surface. After inoculation, 4 mé of melted
0.7% water agar mixed with P. solanacearum strain Y—9 was poured over the agar surface. After
additional incubation. P. selanacearum like colonies with inhibition zone were counted.

Values are means + standard deviations of three tobacco plants.

* * Weeks after root dipping in the bacterial suspension.
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Table 3. Number of colonies of avirulent bacteriocin-producing isolates of Psexdomonas solanacearum detec-

ted from the stems of tobacco plants inoculated with the same the bacteria.

Tobacco number of colonies(10* cfu/g fresh wt.)*
Isolate
cultivar 1 4 8**
NC 82 70+ 60 4.7+ 4.2 2.5+ 1.2
Y61—1 KF 109 180+ 70 1.5+ 0.2 0.9+ 0.4
BY 4 70+ 80 0.7+ 0.6 0.0+ 0.0
NC 82 130 + 110 1.2+ 0.1 0.8+ 0.3
Y61—2 KF 109 60+ 60 0.6+ 0.4 0.0+ 0.0
BY 4 50+ 50 0.7+ 1.2 0.0+ 0.0
NC 82 180 + 170 0.0+ 0.0 0.6+ 0.5
Y61—3 KF 109 110 + 100 0.0+ 0.0 0.0+ 0.0
BY 4 180 + 110 0.1+ 0.0 0.0+ 0.0
NC 82 430 + 40 0.0+ 0.0 0.3+ 0.2
Y61—4 - KF 109 160+ 30 0.0+ 0.0 0.0+ 0.0
BY 4 40+ 10 0.0+ 0.0 0.0+ 0.0
NC 82 140 + 80 0.3+ 0.2 0.5+ 0.4
Yo5—1 KF 109 670 £ 470 3.1+ 3.2 0.0+ 0.0
BY 4 180 + 120 0.2+ 0.2 0.8+ 0.2

#  Tobacco roots were dipped in the bacterial suspension(10° cfu/mé) for 30 min prior to transplanting

to soil. After sterilization in 7% sol. of sodium-hypochloride for 1 min. each tobacco stem was ground

in mortar. 0.5m€ of each stem extract suspension was plated on the TZC agar medium before pouring

5mé of melted 1.5 water agar on the agar surface. After inoculation, 4mé of melted 0.7% water agar

mixed with P. solanacearum strain Y-—9 was poured over the agar surface. After additional incubation,

P. solanacearum like colonies with inhibition zone were counted.

Values are means + standard deviations of three tobacco plants.

* * Weeks after root dipping in the bacterial suspension.
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Table 4. Disease progress of bacterial wilt of the tobacco plants treated with four avirulent bacteriocin-produ-

cing strains of P. solanacearum in field naturally infested with the pathogen.

Tobacco Isolate Disease severity**
cultivar treated” 20/ June 27 3/July 10 18 24
Y 61—1 0.04 0.04 0.11 0.19 0. 88 1.58 a***
NC 82 Y 61—2 0.14 0.22 0.36 0.69 2.08 3.09 be
Y 61—3 0.13 0.24 0.34 0.78 2.68 3.7 ¢
Not treated 0.11 0.20 0.27 0.83 2.79 3.76 ¢
Y 61—-1 0.14 0.14 0.20 0.42 1.88 2.98 ab
Y 61—2 0.31 0.51 0.61 1.17 2.87 4,20 ¢
KF 109
Y 61—3 0.29 0.36 0. 80 1.67 3.44 4.18 ¢
Not treated 0.10 0.26 0.30 0.84 3.23 4,08 ¢
Y 61—-1 0.38 0.50 0.72 1.43 3.22 4.10 ¢
BY 4 Y 61—2 0.52 0.72 0.92 1.79 3.39 3.84 ¢
Y 61—3 0.32 0.74 0. 87 1.59 3.42 4.84 cod
Not treated 0.80 1.20 1.48 2.39 4.19 4,91 d
* Five milliliter of the bacterial suspension(10° cfu/mé) was poured onto the root zone of each 10-wk-old

tobacco seedling on 1 day before transplanting to the field and on hilling time, respectively.

*® #  Disease index ranged from 0 = no visible symptom to 5 = completely wilted or dead. Values are

means of five replicates. Each replicate consists of 40 tobacco plants.
# % * Duncan’s multiple range test. Same latters mean no significant difference(P=0,05).

e~



B9 $14 Bacteriocin84) Pseudomonas solanacearums ©1-43 2e] AdAdvlSy o=

E3e) Ldxo] e APE APY FF& A9
e %= YA bacteriocin BT Aol
o)g ¥ A ZIE ®ol7] A ¢ FLITL
Az Ed),

o] 4w v BAA P. solanacearum®) 2 E A
ol Aget] AddriEHEzd A € F4&
JAE 5 9T [ x, v V% v H YA bacte-
riocin A TFY) Bej¥iz] 2 F7)W d=vth H
WA fkel YHF BAZE dka sk o] A
oAl B HAEDIT JFE Y61-1TFE O 8
27tFol Histe] gulie] @ £7) oAl Yrrt
E7) i o 59 Anel e HFFe] A
Bk, w2ty v YA bacteriocin A EFE
o] &% sl AFAvtEH FANEHRE Fo)V] A
e HiSE B2 £V o] AT dxE
FAF F U W] AT ook & Aot

| g
2yl ATAdetEEF s As9A Zdst
A+ ¥H¥94 bacteriocin ¥ATF (Peseudomo-
nas solanacearum)E& ALYt o FFES
2X2 GE o]X8r] 8% W % W ET o d)
SHES A AH, Y1175 AL
Hejol A FFol whet 27 ~ 58% 2] AdAVIEYR
SALHE AL F UAAY. o] FF= FujErg
2 F7) &N G2 FF H)F AT e
Y5 g A% Aoz 2AE AT, waba g
o 29 2 AEA Yo o] ATe dEE B¥E
T Ue o] FrEnE o aRFow A7
AUl S HAT & A AR AZHY.

F -

e

1. Chen, W. Y. Ph. D. Thesis, Dept. of Plant
Pathol., NC State Univ., Raleigh., p. 68
(198D

. Graham,

. Chen, W. Y. and E. E. Echandi. Plant Pa-

thol. 33 : 245—253(1984)

. Chen, W. Y. E. Echandi and H. W. Spurr,

Jr. “Pro. 5th Int. Conf. Plant Pathogenic Bac-
teria,” pp. 482—492. Call. Collumbia(1981)

. Cupples. D. A., R. S. Hanson and A. Kel-

man. J. Gen. Microbiol. 109 : 295—303
(1978)

T.L., L. Sequeira and T. R.
Huang. Appl. and Environ. Microbiol. 34 :
424-432(1977)

6. Kerr, A. Plant Disease 64 : 24— 30(1980)

10.
11.
12.

13.
14.

15.

. Obukowicks, M.

and G. S. Kennedy. Psy-
siol. Plant Pathol. 18 : 339—344(1981)

LR, RS, £, A, 9,

HE, Ao, “DlATFRIA | FREoF &
ZF 2 879", pp. 269—400. F=AA=
A 4:(1986)

92, RS, 24, o9, 2%, B

qt, “EATREIA Ao $F 2 &
738", pp. 161—263. F|ZANFRATL
(1988)

Rathmell, W. G. and L. Sequeira. Physiol.
Plant Pathol. 5 65—73(1975)

Sequeira, L. Ann. Rev. Plant Pathol, 37 : 51
—179(1983)

Sequeira, L., G. Garrd and G. A, DeZoeten.
Physiol. Plant Pathol. 10 : 43—50(1977)
He #, FHE SR, 21 1-66(1985)
olgt, A, F. FAEA, 2 14—
120(1986)

olgZ, Weh7l, HAF. 4=, 3 203—
209(1987)



Journal of the Korean Society of
Tobacco Science. Vol. 13. No. 2(1991)
Printed in Republic of Korea.

N. africana & ZAutelHA2Y dHAA AFol gt A w4

o, W, FME, YT, 05H

FEAPAEATE B9

Inheritance of Resistance to Potato Virus Y

Vein—necrosis Strain of N. africana

W. S. Keum, Y. H. Chung, S. H. Jung, S.]J. Choi and S. C. Lee

Suwon Agronomy Experiment Station, Korea Ginseng & Tobacco Research Institute, P. O. Box 59, Suwon, 440—600. Korea

ABSTRACT

A program was initiated to transfer potato virus Y vein-necrosis strain resistance from N. africana
to N. tabacum The F; plants between the above species were self-sterile, but all amphidiploid plants from
the F, plants and backcrossed flowers, that is, the N. fabacum flowers crossed with amphidiploid were
self-fertile. The parent, amphidiploid plants of F;, F; population of the amphidiploid and the backcrossed
generation were screened for a resistance of potato virus Y vein-necrosis strain isolated in Korea.

The Chi-square values for the F, population of the amphidiploid and the backcrossed generation fitted
35:1and 5. 1 ratios of resistant to susceptible for the potato virus Y vein-necrosis strain, respectively.
Therefore, it was found that the resistance of N. tabacum for the potato virus Y vein-necrosis strain was
controlled by a single dominant gene.
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Table 1. Fertility, and seed amount and germination of interspecific hybrids N. tabacum(CV. NC 82) X N.

africana
Hybrid Fertillity (F) Seed amount Germination
F. (NC 82 X N. africana) Non—F
4n {F, (NC 82 X N. africana)} F Small Good
NC 82 X 4n{F:(NC 82 X N. africana)} F Medium Low

R ¥ & R
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Table 2. Chi-square test potato virus Y vein-necrosis strain resistance in F, hybrid and F, amphidiploid
of N. tabacum(CV. NC 82) X N. africana -

Resistant Susceptible Total
NC&2 0 10 10
N. africana 10 0 10
F, (NC 82 X N. africana) 10 10
4n{F.(NC 82 X N. africana)} 10 0 10
F.{4n(NC 82 X N. africana)}
Observed (0) 193 8 201
Expected (E) 195.4 5.6 201
(0O —E)? .
T 0.03 1.01 X2=1,04

o]2% Fa9? 35: 17 ¥]¥ W) Chi-square?]
gel 1,042 X*=0.05(D) = 3. 4B} AL e
VERfo] #EaE o]2x9 & A HAUT
NC82¢} Fio Houj#AE we)e 13 o mv] A
el Az 3F 300 A9k o] A} o]F A A 2
HAZA Y RG] FHo dd 4 AU
oj3le] AuiE we FelvlQl 517 v Y o
Chi-square?] #kol 1.6724 X, = 0.05(1) = 3.84
B e g& velo] #FX = ojEX e #
Az # g} Virgin A mutante] 22} gle] 22 ol
3 AgAo] @Y AR o8] AulE =2

X2 =0.05(1) =3.84
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Table 3. Chi-square test for potato virus Y vein-necrosis strain resistance in backcrossed generation of
N. tabacum(CV. NC 82) and 4n {N. tabacum(CV. NC 82) X N. africana}

Resistant Susceptible Total
NC 82 0 10 0
4n{F,(NC 82 X N. africana)} 10 0 10
NC 82 X 4n{F,(NC 82 X N. africana)}
Observed (0) 195 48 243
Expected (E) 202.5 40.5 243
(0~ E)?
T 0.278 1.389 X2 =1.67
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