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ABSTRACT: The effect of patulin, a mycotoxin, on the
growth of Escherichia coli cell was investigated. E. coli cell
elongation usually shown in SOS-response for DNA repair
was induced by 20 ug of patulin per ml. After staining the
E. coli chromosome with fluorescence dye(DAPI, 4' 6-
diamino-2-phenyl-indole), chromosomal DNA partitioning
was not affected by patulin. This observation indicates that
patulin acts as a DNA damaging agent which is effective for
E. coli cell elongation introduced by the inhibition of septum
formation. Moreover, patulin inhibits the cleavage reaction
of some restriction endonucleases (Styl, Asnl, BamH]I,
Hindlll} on lambda phage DNA. The restriction endo-
nucleolytic fragments of lambda phage DNA preincubated
with patulin was larger than standard digest product. The
lambda DNA recognition site (cleavage site) for Styl (C 1
CAAGG) was very sensitive to patulin, while the site for Asnl
had a very low reactivity with patulin. It seems like that the
cytosine of Styl recognition sequence in lambda phage DNA
would be a highly possible target nucleotide for patulin.
Key words: Patulin, Cell elongation, DNA damage, Re-
striction enzyme
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Patulin(4-hydroxy-4H-furo[3,2C Jpyran-2[6H]-one)-& = £#2] Penicillium speciesZ5-E] A A5+
lactone Ad9] #5542 FAe] AAAo)m, xej4 UV 276 nmell A &3 =E 71t} (Betina,
1989). 295422 4] patulin®] mouseel ™ &F LDst 10-35 mg/kgelvl, HeLa A 3.oll 4+= DNA Hgh&
ol © 71 (Umedas, 1972), ratel| 4] 2] carcinogenicity’= H.31% v} gltiBecci, 1981). o] 2}zto] i o]
frbgl o 2 499 patulin®] of gke- Algholl 4 Sedwlo] fubid E3l9) test R o] 8-5]+= Ames-testoll A+ 24
(Wehner, 1978), recombination testdl rec-testel 2]+= <} (Ueno%- 1976)2] #Ax7} B =ich &gl
patulin®] Foiwo] futgl o xje] 7l5Adoll M3 E coli M 3£l A in viveo A& 2] A E coli DNAY
strand A%t = DNA Eale] # &8 vlepilcl v 3le] o, DNA &AHE# 9] testi A2-5]+ lambda

phage induction-& §43FCEL 3190w} (Lee's, 1986). =& in vitro’d & | 4% lambda phage DNA9] strand
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Arg doglctn Rusgdch (Lees, 1987). o] 2b#to] patuline in vivo, in vitroﬂ]ﬂ DNAES &AM
F\m 24, E coli AE o+ DNA "‘”'i]l’*’gr&-»] 3}}ql SOS-response (Daris, 1983)& 0}7]*] )
7ol 12, 0]94] sfid gene product (cell division inhibitor)el] 2jste] AZEGo] AeE 4 gloemE o]
23 of7|S= E coli X9 JefH s}, A Fxel 2 MEFHE AL Pgn|H o R
Bst A ok Patuling  sulfhydryl?] Z& o}v|:7|et 4 uh-g-sle 2 4 (Ciegler, 1977;
Hofmann, 1971), alcohol dehydrogenase (Ashoor-s-, 1973), muscle aldolase (Ashoor%, 1973), ATPase
(PhillipsS 1977), urease (Reiss, 1979) % RNA polymerase2} RNase H (Tashiro%, 1979)9] A&
oA ghe}a BE)gich Lambda phage2h E. coli DNA %k patuline ©)3F DNA &432h-8-of 7]1%
712 2, patuline] DNAg} w+-g-3te] DNA 97]o A4 A= 7}, glycosidic bond 2] E-orAjuwFel B
1713} (depurination %= depyrimidination)® 4 & Zo|ch. 22 ER DNAZ2] E37] o712 ql A5}
Ashe APEAE AHEsted patulin®] DNA 7)o thah ukg-A, Agase) DNA A 28 et
g 2AELLA BT

Patwline| &£2J

Penicillium patulum NRRL5259 #5-Z Potato-dextrose o4 wljoF wi =)ol 3F3ed 28Tell 4] 847k
At ekgl ¥ ethylacetate®} ethylether Ah-&3ked patuling A A slict (Norstadt, 1969). Patulin®]
$£E= ¥FA)8 patulin (Sigma)3s} v ®a}sich

E. coli M%oll thet &

Escherichia coli MRE 600 (RNase)-2 LB Broth(Miller, 1972)l] A& $ 37Ceil 4] wj<ksled O.D. 600
nm 010614 32} %9 patuling Helgh &, wjoks AlSste] F7] exponential phase] =23 F
B2 HE2E FAsIL 24 A EE 0.84% salineoll suspend A7 thg 5~10 WE slide
glassoll £, Az Zch A £2] o4 4] DNA2] & 42 Hiraga®l W ol m}2bA DAPI (4,6-diamino-
2-phenyl-indole) & 34 3}ted & B3in] 7 (Olympus reflected light fluorescence microscope, Model BH
2-RFL)& A+235}ed, Kodak color film (ISO 400) 2.2 A}Al &edsteich

Bacteriophage lambda DNAZ2| £2]

Escherichia coli CSH44 lambda lysogen.©. 2 %-¥] phage DNAE ®-el3tgli (Miller, 1972), DNA-4
A8 0.8% agarose gel M7|edE oz palslict Fuke B4 B E ARS8l OD. 260 nmE &
Atz A A48 7 (0.D. 260 nm 1.0=50 ug/mi of dsDNA, Maniatis, 1982). s-%=+ O.D. 260 nm/0.D.
280 nm¢] e g =R st (pure DNA, 0.D. 260 nm/0.D. 280 nm= 1.8).

H|st§ 42| DNA Cleavageo| CH3H 8t

Bacteriophage lambda DNA 0.17 ugs 0.1 ugellAl 150 pg7hA| 9] patuling 2z} 0.01 M citrate
phosphate buffer (pH 6.0)oll 4] %82 37C, 2412} &<} preincubation 412! ¥, Boehringer A ¥4
Bam HI, Asn I, Hind IIL, Sty I 1 unit®-% zt2+ A2l 8}k3L incubation buffer (Maniatis, 1982)¢} H.0%
total reaction volumeo| 10 W= A shed 1417} %< 37CHA] incubation s}t Incubation ¥ 64 =
2% loading buffer 2 W& #7}5l1, 0.7% agarose gel®] 7t welldl| loadingdle] DNA 7]d%
submarine chambersl] 23, 100 V/50 mAell4 24)7F #7]9d%  skdth DNA band®l &
ethidiumbromide (0.5 ug/m/ TAE buffer, Maniatis, 1982)o| 4] 1417} &}z, 3417k 59t F/-TE gel
background & & A3}9lc}. Gel-2 U.V. transilluminator$]el] 4] polaroid camera (Photodyne)®. polaroid
film 667& A}&3le] F. 45, 1, sec® &4 3ldc)
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E. coli MRE 600 (RNase) d-Fl th&t patulin®] %540 2|2 Adahg wol A wfoka|7bell ufd:
o) wini Axslel ond patuling 7t FEME %27 exponential phaseol| #Hulsli 4% ybas)
adt} (Fig. 1). Patulin®] 5% 10 ug/miol A= 27 el &= Ad&Fe) #jafl 7} Mgl ouf, 4-5417F Foll= patuling
zje)aha] oo control®} e 1w Aababeich Zrelvh Al 2] AdAE-2 controlel w]Ele] &) A
s}sla ) Patulin 50 pg/mioll 21 Al 2] Adzbe. 2] F2] gl o, patulin® 3ol 2|&F cell lysis=
o] ¢rekr) 20 pg/ml patulin®] 5o *ﬂ? Aol el A xskala, AAEE vl vtk E
coli MRE 600 #3%= patulin®] %ol &3 & patulinell 2]sle] Ao} Ha=dr), Patulin A2l
447} & 2 %7] exponential phaseol| 4] M & Frsted Ao e} mro] A G &gl 6}04
A} Fu) A3 delo] o g wbadsielct (Fig 2). Controlell M E. coli A1E2] 3 -l 43z 3t
FaHe 7 Bolon), 20 ug/ml patuling A elg E colid2LE 25 elongation (long form) ¥ 158 #
2 9led) 10 pg/m! W 50 pg/ml patulin FEoll M= Al 22| elongation? AUojubA] eFgked, 10 ug/
ml°ﬂ e AEe] Alzbe]l stHls| AA|EALE E coligl cell elongationd UulEH oz ze]4lo]t
novobiocin, nalidixic acidS-<ll 2]3}e] SOS-response?} of7] ¥ o], o] 24-€| RecA proteine] 4= 1L, o]
RecA protein$- protease 4-& 7F2 2.8 4] LexA protein-g #wtsle] 28443} ]2} LexA proteinel
o]slo] repression®® A FEF-d inhibitorF4 A8 sid gene product(Bachmann, 1990)2
repression-2 LexA Protein 2] &34 o #-l| derepression ¥] 224 (Dari, 1983), SfiA protein©] Al Euol
R A B2 E E coli A HA Ag-e A% AInk septum 8 AJo] A sl =] elongation ¥t} Patulin
50 ug/mle] %t E coli AE2] SOS-responsed ©F7] *l 7) 4> 9)i= DNA & 4wk o] abe] Fxoluz
Aol mii M EQ] 7)) AAFE R Az AAte] - 1]{17,10 2 A zhE, 10 pg/ml patulinel] A=
DNA & )\L o]a}_‘(] _‘J:Ii_o]t‘l_gl_ xﬂ 1:‘._9] HZLO 7:”_4_5:] a7, ,zﬂ.}._ o:lt‘_ A]Alzlo] ﬂog__ 7}5&5]041;],
Patuline in vivodll A E. coli 2} DNA £-# )3 2} lambda phage induction = in vitrool 4] phage DNA
strand Hehe o} A7) mE Al (Lees, 1986, 1987), ol21d DNA &4kl AR vehls A2
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Fig. 2. Cell elongation of Escherichia coli MRE600 by patulin (20 ug/ml). Panel A and B are E.
coli control cell, C and D are E. coli cell treated with patulin (20 ug/m/). Panel B and D are E. coli
cells stained with fluorescence dye(DAPI) to observe cell shape and chromosome.

elongation-2 patulin 20 pg/ml 2 2]ol] o]3le] fubg|v= DNA 4ol 2)gh 42254 wfital 7lo]r)
&hH patulinell 2]8F DNA & 2]&l], lambda phage DNA<2] At ) inductionS DNA2] 2% #al
f=ato] Awpe A zhE L2 patuline] aflatoxin B1 (Essigmann, 1977)3} 7o) DNA €3 7]} 2 % wk-g-ghcbm

Hh-g- YA B4 w2 2] A gk H3H o] DNA-patulin adduct2- & A3 8b) =) 3= patuline] §37]¢} Zghalrr 4]
DNA 2] N-glycosidic bond 2] 2-<+# o 5-ol] 2F9) 7|3} (depurination, depyrimidination)%! -7 9l-& Zolu}.
Z2efi} o} 27k 2] DNA-patulin adduct @] 2] ol] ¥Fs}od= Hoargl wh ¢1-8- 9 ol patulin®] DNA 8] 7]
ik ukg g = wha Al nf gl e e B3] o175 el Al sle] DNA L“SP" gk &4 455 A3k
o] 5 f4:9] lambda phage DNA 4wt & 3}ol] i3t patulin®] o3 3-8 y+a-slgic). (Fig. 3). A&l 4] A}4-%
f A3 X5 lambda phage DNAQ] hexanucleotide target-8- 7}2|3= A& & 4R Fig 32 Aol
#Hzx9 Aot Mafl s o7 patulin® F%+= Styl (C 1 CAAGG)2] 7 5ol 1.0 ug/10 W (lane 5)3L4]
2 o)l = (lane 6)ol 437 Stylell 23} J wo] Hxhsle= 597} patulin'ﬂ] o)sto] Axlo] el = o]

vl £ DNA fragment7} #Hag|gdt), o] 7.2 cytosine 2] o}r|1=719} patulin®] ¥kS 7}°=A) o Fof
Styl9] cleavage site 812 B cleavage HF2-o] #]ad Zlo)u}ar 4 7Flch Asnl(AT | TAAT)2] 7% (lane
10-12)oll+= ufj$- E’{—E 5= (150 ug/10 w)ell 2] DNA Helo] %8 5ed S8 - = ¢lelv}. Asnlel ']6
lambda DNA®9} b9t 1770 24) AR5 o} & Al gk kol Bl whe DNAS] o1 4] 8.9) 5 7p=)m
Hr} xe patulm"] T 7} 294 7le]v Asnl cleavage siteel] 9} thymine-2 cytosine¥} e 0}“]
w77 o2 patulin# ] wbg vhgAl-S ol gubsk e g SExvk Te{ R patuline] DNAe
F&-3E 2 4] # §HH 422 target nucleotide®] 3184 modification M= DNA<QIA] ¥-2)o] el 13
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Fig. 3. Effect of patulin on the cleavage of lambda phage DNA by restriction endonucleases.
Reaction mixture contained 0.17 ug lambda DNA preincubated with patulin. Total reaction volume
was adjusted to 10 gl

A: lane 1, 7 and 13: control containing only A DNA. lane 2: 50 ug of patulin, lane 3: Styl digest
of A DNA, lane 4: 0.1 ug, lane 5: 1.0 ug, lane 6: 50 g of patulin, lane 8: 150 ug of patulin, lane
9: Asnl digest of A DNA, lane 10: 10 ug, lane 11: 50 ug, lane 12: 150 ug of patulin. B: lane 1,
7 and 13: control containing only A DNA, lane 2: 100 ug of patulin, lane 3: Hindlll digest of A
DNA, lane 4: 5 ug, lane 5: 25 ug, lane 6: 100 ug of patulin, lane 8: 150 pg of patulin, land 9: BamHI
digest of A DNA, lane 10: 10 ug, lane 11: 50 ug, lane 12: 150 ug of patulin.

Wslrl Wz Ae) 1 whapa] AEE 4ol og DNAAgte] A ¥j 2 standard digest®r} i & DNA
fragment7} A 70 Zlo)e}ar A 2451k Fig. 39 BE A L AGCTTH dwbsliz -2l Hind 1119} 2t A& &
Aggt Axjels, patulin 25 pg/10 ol Hind IlIe £+ DNA Hzlo] A& =9l.omi (lane 5), lane
116 4= Bam HI(G | GATCC)ell )&t 41§ 2. 2 4] patulin %% 50 pg/10 el A 348 DNA" < 2 7}
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FHas]qdck Hind HI92F Bam HI-> lambda DNA® disfed z}zk 67, 570 2] Auk §-2] 5 7hx| s, Axh
et 918k patulin®] Faz o] w28k Zle s viepsivh

Patulin®- sulfhydryl7|e}e] wbS-4) wjitoll w7}x] & 4-o] ghAl-o- fafghchal (Tashiro % 1979) K37
gl o}, M Algloll 4= DNAS®} patulin®] preincubation & “19‘% &2] ¢k free patulin® A gHE n
A5 28k vk buffert 2] dithiothreitol(DTT)ell 2]8}o] = -3FA3} % 7] ofi-of] patulinel] 2]k
Aghaa zpAle] g4 Hel= 918 o] i patulinel] £)3F A gka 9] DNA dxt #sfell4= patulino]
DNAel gk ub-g5t9l-8 lo]ar, Agtatol @3S v 22 2kts slolvh “refris Agha o] DNA
Hetoll el patulin®] Aslf 3= patulin} DNA ¢l 7] 2] 2] ubg-off o3k Zlor Y7hsn, o]4le] Alg
bz xol Styl2] recognition site (C | CAAGG) 7} patulinell 7}#F sensitive 3191 2.1 Asnl cleavage
site(AT | TAAT)®} patulin@}2] vE-g-41-2- vl 9- whabrh e} 4] patuline] DNAS] 7] o) ol &F ub-8-4-0- Styl2)

recognition site 7} 7}“ 8 sl AzbElc) Znev) patulin®) DNAg)2] wk-g-oll o A A% 7= ¢ly- DNA-
patulin adduct 2] -], F3ell 8k o175 vii= DNAS] 7ol uF-8-8F it 2] of 7]l )1 A= depurmdn(molt}
depyrimidination®] Zx}241e] DNA2] 3% W3} 938} 7] Qlste] oo w H-x} 3ol 4] o147}

A& ulojel o o)l ek,
Al 2t

o] e 19904 i algl RSEAFAe] AR sHEal el 2Jshe] alilg]
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