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Effect of Gamma Irradiation on the Expression of Gene Endoding Metalloprotease in Vibrio vulnificus.
Jung, Jinwoo, Sangyong Lim, Minho Joe, Hyejeong Yun, Jungmu Hur, and Dongho Kim*. Radiation
Research Center for Biotechnology, Korea Atomic Energy Research Institute, Jeongeup, 580-185, Korea — To
check the microbiological safety with respect to increased virulence of surviving pathogens after irradiation,
in this study, the transcriptional change of vvp gene encoding metalloprotease, which is one of the typical vir-
ulence factors of Vibrio vulnificus, was monitored by real-time PCR during the course of growth cycle after re-
inoculation of irradiated Vibrio. When V. vulnificus was exposed to a dose of 0.5 and 1 kGy, the lag period
before growth resumption of sub-cultures became longer than non-irradiated counterpart as increase of irradi-
ation dose. In the case of non-irradiated culture, the transcription of vvp was significantly activated at 15 h
after inoculation, when bacterial growth reached the stationary phase, and the highest level of protease activity
(686 U/mL) was measured at the same time. Interestingly, vvp expression of irradiated Vibrio was turned up
earlier than non-irradiated Vibrio during the mid log phase of growth, whereas these rapid induction of vvp
expression from irradiated cells didn’t result in an increase of metalloprotease production. When Vibrio was
irradiated at 0.5 and 1 kGy, the protease activities peaked at 18 h after inoculation and the levels of activities
were lower 1.2- and 1.4-fold, respectively, compared to the non-irradiated counterpart. Results from this study

indicate that gamma radiation is not likely to activate the virulence ability of surviving Vibrio.
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V. vulnificus 7+ A gholl= AP FE E3)5= hemolysin
(cytolysin), M EZFAS e+ RixA F4, protease,
lipase, esterase 59 TRoFgH AlE o] Fn|Ea, QA ol A
HFe] AR o]8%E F9F% siderophores, A28 A
A HA e} A 2ol g A, oA {9 o) WY
A Q7L Fefsle ZAes A=A o). o3t wdA
AL F V. vulnificus wp (wpE, empV) A7} AAksH=
proteasel= E4~ BiJe]] ofdo]&(Zn*)o] PR3 metallopro-
teaseZ collagenase, elastase, caseinase 52| §-71%9] &4
< 7FA 3 2, 7, 14]. Metalloprotease: A3 55 29
o dRF2M St FetEd, HF 55 HAAIFIAL heme
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88 9 k= Ao AAFIL 97T, 15, 16], oF
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Aol AH-¥ FFE Vibrio vulnificus ATCC 293075
ALt I, 7] WA & LBS (1% Bacto tryptone, 0.5%
Bacto yeast extract, 3% NaCl)E- AM3l o 9] A&
B33 %A (Amersham)E 600 nmol M FHEZ 27 5l
AN 52 LBSo AHET ohF 30°ColA] 24A2F
woFgt A wioFd & 1:1009] ®IEE A2 wix|o] AF3t
F 3971 20 A=) HAE o vkl & sl o) F
7ld 2A)F A BE A3 B] A} AR 4°CM F
A Az R F AP 2AF AR S dJT AEdd
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slo] AHE A I, A5 HE Hl] F
g} ok Vibrios (~10 CFU) 2% LBS wix]el] %53}
o 3A17F = Z real time PCR WPHLZE wp frAialke W
3 AEE v 28T o}E2 metalloprotease?] BAIE &4

3jlet.

Oligonucleotides

wp FFxF] mRNAZRE] cDNAE BH57] H3t 944}
vl-§-¢ll:= vvpl primer (5-gct aag gtc aac aga gec tag
agt-3)E A1 wp HE A EE ZA8] 913 real
time PCR HF-$-ol| ¥ vvp2 (5'-act gag caa caa cga tct ct-
3°)¢} vvp3 (5’-gtt tac ggt caa aca acg at-3’) primerE At
451910}, Reference - A2 AM-H 165 rRNAS] -5,
cDNA 3ol 16S1 (5-acg ctt tcg cat ctg agt gtc agt
atc-3"), real-time PCR H}-§-¢l & 1682 (5'-cag cca cac tgg
aac tga ga-3")¢} 16S3 (5'-tta gec ggt got tet tot gt-37)
primerE- 717} ARG8T},

Total RNA &M = cDNA &

A 2AF e 8] 2AL B 2 vl S F
317 et wjoFed 1 mL& A3 3sked Trizol(Invitrogen)E
total RNAS 3=%3 % DNA-free™ DNase(Ambion)=E-
genomic DNAE A 78l RNeasy mini kit(Qiagen)E ©]
4a}d 29 RNAS AAlskdet. 28 w2 Al
el meir F3iEiginl. AAlE total RNAE agarose
gel& o83k 47| JFHE B3l £EF st ¥ 230,
260 % 280 nmoll A FREE EA e FEE A
AAE total RNA 2 pg® #9F 10 pLE 233 F
75°Col| A 5E7F 7 slal 4°Col A 50 ng®] primer (vvpl
EF 16S1), 30unit AMV reverse tanscriptase (Promega),
5X reaction buffer, 10mM dNTP, 40unit RNasinS &3}s}
o 4L HHE-8H(50 uL)E "HEXTH DNA thermal
cycler(Primus 96P, MWG BiotechyE ARE-dkod 25°Cei| A
1027} annealing, 42°Col|lA 9087t JAA} Wk--& 343k
F 95°Cell A 587 JAAL BA AL FR|AIFIAL 4°C
2 Y7ae vheS FRAAS

Real-time PCRE 0|88t wp REAL Wiz &4

4% DNAS Ak EAME 98] 12.5 uL9 2X SYBR
Premix Ex Taq™ (Takara), 7} 0.5 uL®] 10 uM primer,
2 UL} cDNA (20 ng/uL)E 9.5 uL® FfFet £l
real time PCR Hhg 442 &%} Smart CyclerII
System(Cepheid)S ©]-83lo] 95°Col|A] 1027} denaturation,
50°Cel A 2027t annealing, 72°CellM 2037} extension 3}
RS 403) W39l SYBR Green®] 3% 4133+ PCR
cycle F AARo] it Foll vl SA3}95. PCR A
o] A x| #al FATr} AMA R Frshe RS Ko
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t 3% 27)¢ 712 ¥FE(horizontal line)Z oA =
PCR cycle®] 314E “Threshold cycle (Ct)”e]2tx g}
[28]. £ AR E Ct Zhe o]L5lo] wp AR 2
HIE SASIGL AEEe) HolE HAF F3= reference
FAAZE 16s IRNAS AFS31Sivt. PCR ¥FS £8 & =
23 PCR AHEo] £x8 DNA ©HQl#] olr 17} 60°C
AN 99°C7HA] 2 02°CH LEE AT F3d
PCR AF29] 3 A& 54300 PCR U, HlolE]9]
49 2 #4& Smart Cyclerll System?} $7 A3 =
Ea3E AREsle] sl

Metalloprotease &4 &4

LBS HAIA] 100 mLell Zapd 2A} = 6] 2AME
vulnificus WA 1%5 AE3E 5 327 vle} okl 1 mL
£ F3ld A4 el F 2 ASdE 2 EA goE AN
slgich. EAA 232 1%9) azocasein 7]A4 (0.1 M
AAFEEEY, pH 7.5) 400 pLell A 100 uLE 4le]
Z F 30°CellA 3087 uhSA)1Z . 25%((wiv) trichloroacetic
acid -84 250 uLE 7hef wH-& £8 A2 F 158 S¢t
uk-glS A7 10,000 rpmell A 557 4] )3}
of, 1 ASHE Fsk 5 k] 1 N NaOH £93} 4o
ot B4 97} 1 unied A7) XA 129 440 nm
M FRE 001 S7MI7IEH sk B4 ko2 39
5}[14].

di 9 nE

V. wuinificuse] AR Z5d =3

271 T 4 1.7+ 1.5%x10° CFU/MLY] V. vulnificus ¥} ¥
Aol ZHuPdE EAVSH] WA A S E1st A9 05
kGyoll Al 1.3+0.6 x 10° CFU/mMLY) F37}, 1 kGyoll A=
7.0+2.4%10° CFU/mLY] #47} AE5)9]0m 1.5 kGy o
o) ZAMIF e AE FA7F BEAHA W@k Al S
< el o xpAA] 718719 g4 Feg e AAE
Dy %, &, V. vulnificuss 90% Adsl=d 223} 7hepAd
ZAHE 0.17 kGyZ AAESICHFg. 1). 3, & A
WA AN V. vulnificus®] Dyo 32 Campylobacter jejuni
o} AR 250190 2 Salmonella sp. (Dyp=0.7 kGyy-}
E. coli O15T:H7 (Dy=0.3 kGy) Erh= yo} ofE BiA
oA 25l vlsle AR & vl A el
Holets, 25].
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Fig. 1. Irradiation survival curves of V. vulnificus. Cells were
grown overnight in LBS broth to early log phase and irradiated
with ®Co at 0.5, 1 and 1.5 kGy on wet ice. Following irradiation
appropriate dilutions were made and plated on LBS agar. Plates
were incubated at 30°C for 48 hours prior to the counting of colo-
nies.

st zHetAd W] 24} (0 kGy) =2 £AM (059 1
kGy) T Wi 2% (viviE =2 LBS wiAlel] HE3t
F 3 Azl A Fe rlES AR SEsIa §
Alol] total RNAE FZ3le] yyp F3121] HATE 2A)5)
Aotk 3A7F vl A " dANAMY wp B AxE
comparative method (2724¢Y) ul]-& o] 83l HF F 34)
Zho] At Fo] WA vIZANE vp fAS] WHEokS: 7
Fo7 Ao} AA o F AAksltH13]. S 2ARIA|
WL V. vubnificuss RE AFHE ARe] HAEH O wp
o] e HE F orzbe] AuiAl F7kskdvH(Fig. 2). wp
o) WX AF F 15A7ke] AYEA FHHAE VRl e
™ metalloprotease®] B4 T3 o] A|ZlA A5 B
cth(Fig. 3). o] ZAIE2 metalloprotease?] A o] V.
vulnificus®] A% 34 F AA7|A HHE Frdoh= 7]
29| Aol dAslelui(11, 27]. 0.5 kGy2] Zmprlo] ZA}
V. ovulnificuss 3% ¥ 3A7E 1 kGyE ZAFE 7%
E Rzhe| A}t TAFFe] F7kskiTHFig. 2). o3 A
I o] 2AH mlA=9] 79 ASo] ARKE7] Ao
A A7 =77 B3k Ag njdie). dubge
2 HAME ME ) DNASH M E 25 o= A=A 1
off AAH<l 3 Fof nlAES] AFES =g 21, 26].
53], Antidst 22 o] 28 WA A3 DNAC] £
gAY E2HE @A) A BRZS AARAIAH DNA
o] &AM fPEElE 2 [24] £4El DNAZ} DNA 2 A]A
el ol 5= 7|7 G271 B9 ARl AsE%
AL Y 9

et ZANE 3R] 9 Vo vulnificuss Aot EAR)
wE =277 glemg AHE AFHE 2] ARl A
Fo] Al F 9A|zZbe] AtA ol vIZA wp ¥l 7}
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Fig. 2. Growth kinetics and growth-phase dependent expression of yvp after irradiation, V. vulnificus strain grown to early log phase in
LBS medium was exposed to doses of 0.5 and 1 kGy irradiation. After re-inoculation of irradiated or non-irradiated cells at 1:50 into fresh
LBS medium, samples removed at the indicated times from cuitures of cells were analyzed for vwp mRNA by real-time PCR. The level of
the vwp mRNA was normalized to that of 16s rRNA gene. The induction of vvp transcript in each sample is expressed relative to the
amount of the vup transcript from non-rradiated V. vulnificus after 3 h of inoculation. This result is a representative of three independent
experiments. @, cell density; l, vvp expression
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Fig. 3. The effect of irradiation on protease (vvp) production. After irradiation (0.5 and 1 kGy), the supernatants of the sub-cultures were
obtained at the time points as indicated and the protease activities were assayed with azocasein. Data represent the mean+SD of three exper-
iments.

i}, shx]gt ole] vlsle] 0.5 kGy2] Zotdel] =& © V. ©R= PS promoter’} F838 9 ol o] #HH FHt
valnificus= 38174 2712 AR F Aol AT (9, 10]. WAR ZAR= A HollA hydroxyl radical (+OH)
Aol AlEHE - 6AlZE A=A} AVAL wp ER o] 271 o|u} superoxide radical (+ Oy & ¥hSAo] ¥ AkLSE
et oS Frjzd AL, 1 Gy %}U}’d% ZARE A8 (reactive oxygen speciesyS AAAIA AHSE AEHAS 8
8] ASel= 9x]7ke] F57]15 AR Folof vlzh FAls  F0H20, 22]. PS promoterd] A <lx} F2] sh}al RpoS

o] B3l F7HEAENE BT wp B o] = dubd o AR|7|ofA AabEe] ol frAAE i

AR T 3R kel wEA FokEE PE BshFg e %55}7‘]"} W7 AME V. vulnificus?y AFs} 2~E8)
2. &, A AE AHAHE NF2E wpd) HE FL A 25 AE ST Vovulnificus®] B} FA3H19). 2
HE vjas B H“Vd ZAT} B Al H] e 34 7“4_‘?—% uAkA o] ZALE AgToll A Bl ZARl u]3ked wp
7H0.5 kGy) == 6AZH(1 kGy) A= WEA] vyp Wile] § ] w2 fiw= dA-2 A 2l gsle] 8
EE=AE Y 9\13’&‘;}. g Abs} AE g 2o ofdte] Aol FEF RpoS7t PS

vp= 10 bpA = HojA F 709 promoter, promoter L promoter?] A& ol MAE AR £k gl Aol
(PL)T} promoter S(PS)el] 2)3}ed o] ZAHYL}9]. PLS A% o-E FHO 2= ofH7hx] ¥ 3] ¢S PL
Vibrio2] A7 @7 (growth phase)st AF#gle] aHAF 7124 promoterd] ZA QALY MARF (B A o] HIAM Al
22 #Wdo] fx5HE promoterZ, PSE RpoS, cAMP - 23] F71=o] PL promoterd] o] Eobd-S 7154 =
CRP, SmcR 59 zAxo] oste] wp HEE A= 3 i £ 9l& Aelot o] F-E3 A-sleIX e tafdd
promoterZ 4E{A UFHY, 10]. &%, A, A o2 ¥ Age] Bod oE A7EH
T, Ak e 55 WEAZl dekst wiokEAA A wp

Hzrel wdlS A AF Vibriod] AR <A (growth AR Al 2 metalioprotease®| 4 Hs}
phase)’} A 7lell o] 23 & o vip WL HHZ 718} 7t ZAF F AE3E V. vulnificus’t BAKHE metallo-

§1023, 271 o]F A 2 2243 wp Lol|= PL X protease®] FAS AHE F 3A1zF vl $A381e] vwp mRNA
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o] whaiezt w|wsled Bgket wpabde] AL & V. vulnificus
A vwpe| Walo] F7E37] AlRbeE 9AIZH0.5 kGy)H 12
A1ZH1 kGy)oll 9] metalloprotease -8 8] ZAFT-o| A
wpe] Wale] Flelr] AlAReE AlA (9A] kel Ale] EAd=t v
23t Az} 7hapdo] AR A1 protease B HIE
AVl wlsiA 22t 0%, 25% $F vl B4 Rle(Fig.
3). 1 kGy®] #etAde] ZAME V. vulnificus®] 124730l A2
wp ] A A EE oF 7308 H|RARY Al
A HEEel 49 vlwahd of ) AX o= Bl
metalloprotease®] #A-2 @3]8] 4u] Ax Iht} spx|7t
mRNA®| o] dA3leete 1o ufe} ghfAle] ofo] <
A YA derhs S nespd (8] o =3 Ao
B A ZAjel] 88 3folelr] Erl= mRNASYK ©
WA ofatole] BUX| oA o= A2 AEd) I,
metalloprotease #43-2 7ot W] ZAFT| A= 1547 A
686+55 UmLZ HiZEE BT 05 kGys 1 kGyZ Zu}
Ao] ZAME 790l 18471004 556 + 60 U/mLe} 480 +
50 UmLE 737} ) 848 Boio}(Fig. 3). Metalloprotease
Aol HNZE 718 AI7H wpd] Wae] HYE F7le
Al7¥s} 722 Al7rol QA RHFig. 2) A v FRA}Tol 1) sA]
E Aasle A & 5 Udsis

AEALR Fiopd A S90S o wpe] We] w2
A F=H3A1T metalloprotease®] A2 7HulAl vlZAVF
of vldle] ZFastgen g 2ol ZAF Fo] AEE V.
vulnificus®] BUA-E vIEA vjEle] 711 stk
A & T AT ol vlEe], oA7A] i RAA] o
AL Ejel] oJsle] AR} o] 2AE 4= glomE v
A AR HE A == R XEE sl WAL
Al ZA} Fol] AEZ WA Al RS ddsrlell=
et o) & Ao AzEe wEpA n|AEe] Bk b
A AR A7 A5 WA FRAe] ER W3l o
Hof thildl oA WA Qdxje] S WIS hEs=
A7 TAl = efof & F3s} gl

(=] OoF
o =

AR ZAL Fol] AJETE HYA nlAES] HAAS AT
3l7] 9l HBELE 427 Vibrio vulnificus ATCC
293079] #H4A 2lA}el metalloprotease (vvp) F-3A}e] 2
3t 54 A HIE Tt 2AL 3ol AlzipEE 3
ol 3=t Vo vubnificuse 2 HAA PR EE] ¥t
v T2 WA S Bolon] Bal AL A &
=718 AR Fell Aol A AlRE . 2 S 24}
859S A vp AR 1EL- u|FALTol Blale] 3~64]
7 A= we] F259] % & metalloprotease®] A= 7+
A3t =5, wp AR W&o HUY R 18t Al
] metalloprotease®] A4S v]wat A3} ZlulAdo] Al

T 7% AoHde] AR ok el wlsle] oF 70~80%
TLoE A aste ZlS 4 5 ke 2BA L
2, hbd AL F LR Vibrio vulnificus A B4 <
A+ (wpye] HE F B2 SR eskem E dA7Ad
T Ak A AF vIREEE S el V)2
ARFY i 284 5 g Qo= Addoh

#Ate| 2

2 A7 #riere dAEAEARY] dgteE
T EAFHUH.
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