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Repressive effects of yeast extract on photoreactivation of Escherichia coli
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ABSTRACT ; Photoreactivation of Escherichia coli after a low-pressure ultraviolet (UV) lamp inactivation was
investigated in the presence or absence of yeast extract (YE). The YE solution was dialyzed to specify the fraction
affecting photoreactivation. A conventional colony forming test was used to examine the survival of E. coli, while an
endonuclease sensitive site (ESS) assay was also performed to determine the number of UV-induced pyrimidine dimers
in the genome DNA of E. coli. In photoreactivation of E. coli, survival recovery was significantly reduced in the presence
of YE. Further investigations with YE dialysates indicated that the YE components with nominal molecular weights
between 1000 and 3500 were mostly responsible for repressing the survival recovery. Interestingly, ESS repair was
observed even with the YE dialysate, suggesting that E. coli could not recover the survival even after the repair of ESS in
the presence of YE. The results of this study indicated that the YE components were effective to repress the survival
recovery of E. coli without directly affecting ESS repair during photoreactivation.
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KA1 AT IED— o & LT, S5IREC K AEEREMML SN T\ D, SBT3
WNEE L, BRI E A Uy, EiREECTRSR A~ DB ANES THIHZOETEHF L. T
A AR d—u v FEEICI O T AR L UE TS TOREIIA S D, % T FFRs SR,
KK - K HERR RS AR G OISR K ~OBERAF S BN L TE QW 5, SIMRNEA Y & LR B2,
BEEECRY DEFRAERRREE R OB N T 2EEMBELORT VA Y, Lo TR
BRORBHEREDOOE DL WINBRINETH o7z, LLITHE, HEMMEORO T A L AREFER
F— A MR LTI AMEN R R AR T L OBRAERE SN TR Y 22, & 528
FEEOMREN_EIC XA A Y v M EWBLRD L9187 Y, ZhucHin, BRI RIMRESA
BATIEHEHRLN-OH 5, BATE, B4 LOEE L U CKEKROFEFEEHEERE 0.1mg/L LIEM
FEOT LTV AT), BRI L 5% KOBBILR IILTORY, LALZRRE, HRKAUETRT
DR PR A SRR CRET S 2 L2 L 0 BB TR TAER TS MU o X ¥ 72 POiEE
BRI OB 2 A B &N o055, Fo, TR T, QEUKOEBERRE TR
TEASHE SITVRUW 8, SRR X 2380 2 SN 05, BITE, NG 20 248 2 5 TR
BOWTHEIMREEREIBRI L TR Y, FoELBINT2HWCH D, B, FOEMOERBKECE
Pl SR & ST & D TAGERGIZ B\ T, RN E 2 IR B ET 2H8 %0,
HREOSIME (UV-C BXUVUV-B : 200-320nm) 1X, EWOEMER oy ) I Vv T &ER EOEE
BARR L, EERRE - BOERBENZIHT S = L TEMEREILTS Y, UL, < 04T DEERE
2 ¥ ORG TEERAEH L EREEINRIC L ABREAEET 5 Z L mHN TV A 7, HEHE &1L,
VY R U BB R RS T D ONEEEESE . ISR & AR N T T O D R F R

*HURFERFEE THREFF0RL Graduate School of Engineering, University of Tokyo
*EU KRS AR R ERF ZERY: Graduate School of Frontier Sciences, University of Tokyo



FALTEBERPIAESE, ORI IERIE2HETHD, HEEICLY . EMIEERRHEEA
CHEEREPIRV RS, Thbb, MEENETT 5 & BARRREOEMFOVEEE L, R 2
LCLE S fERMEDN D 5, FRI TR AR A EM T 2358, NEUROBMEDN A LB Sh
Biew, BB OXEHEHR A ER L0 L+ MBS AR CERVERERH S, Lo, NEHE
OFERHEHE & fit, EARERICRT 2 EER T HETH B,

PR, HEHEOERIITHBMAED OGRS WEFESHOOILTE T, MEMOKEEREMNTIE
TRUEREOBMEETREIN TS Z L, DI, REEREMFRREECERE 2T 52 L 28 2
DL, HEREC L DEEDROEIVATH D, —F, SN L D2NEE L OERE 2 & E RS
DERLEBEICERT 5L 2E2 5L, BEFRIETOLODFER LN OHGCEETHEH &
BIERCE D, FROIIINETIZ, v IV TEEOFERFES LT Endonuclease Sensitive Site (ESS)H
2R, 5 O—FE TH D Escherichia coli 33 X UVGREEYL % 5| & 8 2 495 R Cryprosporidium parvum
EXGE LTEOEMEEZALMCLTERLYY, — 78R L3, BRI X DMEREN S, BE=x 2
CRIBE DI EE A G DR DD Z L2 WiE L 'Y, Zhud. QB OBTEE SR BB
D5 LAETET D, FIRR VAR TH D,

% T CARE TR, B X AIFHE T COXRIBREDOREHE 2 FRIE L ESSIEA I L TER L, ARMEL
BETFRIEORED HEFRET X A ONEHEMHEEIC W TE#RTH Z L 23 ATs, S0k, BRox 2%
BHTEIL, FHOEEHERSISROENT T 7 g AT OV TR LT,
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Escherichia coli K12 (IFO3301) % 37°C LB A HDIFCO)F T—HlE & 5538 L, T OHE L4YBE7000
Xg, 10minfZ Lo T~y FREUR L7, EM U 72 BiE SR ) B ER(pH 7.6)\ IR 2.54.0
X 10 (cfiml) TRRE L. 40mL FOBEFAY T A 2% — L (B 100mm) (2 A U TOERN ERIZ L7,

22 BRTXRENE

BERE 2 5K (Yeast extract, DIFCO) 50mg Z8HK IL (CIEfRE L TA— F 7 L—THE L, BEfFr K
& LTHERRICE LT, Eio, BERET X IR AP TEISF-BE 1000 38 J T8 3500 ) 2 FEODFEHTIE(Spectra pore,
FUNAKOSHD A VT 10 f5AFED U U EBEEEWRIZS U GEBIT L, B % ABTREEIN Lz, BT
AR L O OFHTIRIE, B 5 RN EHHE T 0.125mg/L & 72D L 5 $RAMRIBETE % O} 40mL 12§ H
RMNTHIL . FOROKEE~DOEEE TR~

23 FEEsIEH

NEIZE ARESAE T o7 (STANLEY FX#4T, 20W, TOSHIBA) % AV V-, /MRS (UVR-2 UD-25,
TOPCON) i X A HIEDRER, REREICHIT 5 254nm DEMFERERIT 024mW/em) T—ETh o7, %
ARIBEHR BRI A E X B 2 L THEI L,

SHRHERETIE, SEAMRE 6.0ml/em’)FBE LT 99.9%D E. coli AR 2 L ERK., HROFIE
> TT RN ML BOBR =X ABHREZEML, & HICAEMEIETASW, HITACHN) 2 BE LT, %
SEHREFHUVR-2 UD-36, TOPCON) & FiV , BAEERTENTI81T B 360nm OB 0.1(mWem?) & 725 X 5
BOLAT & BB ORIR A FREN L7z, S0RATIC & 2 IS P OB A R BB U, AR L UVESS &
DREIZHE L7z, #RE LT, SIAMRRBICERMF RO -8B W T L RBRORIER E2 1T o 2, &
BRI EREEAC I RT 4 v 7 AZ—F 2 L 0B L, BBHEEIL 20C T ERB L HAkMIC K
IR LT, ARESNDIEHE O TERET D78, SIS K UTHDEERET 2 B < T ORI ATC R
WTHGEIZA T~ 7,
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24 EREORIE

E. coli DAFEROBPIFEIL, 7 % ¥ 20—/ VERHEFSAERE R CERHL) 2\ o R EE R R Do kY,
L TI-BRN TR T, £ TORBHL, 7AIRA/MILZENERE L722 +— LPIZRWT, 37C
TISHEER L., MR LI-an=—0E b7 L, (DRI THEGERBIOATEREE I L,

S, = ]]:[[—; M
T ZIT, SR (TR AAEE, N (cfwmL)iREHE (12513 B E. coli IEEE, Ny(cfwmL) ERIMRES RGO
VI E coli BETH D,

25 BYIUUZRBIEORIE

E coli 7/ 2HOEY 2V T BIEOBIFEIZIZ. Endonuclease Sensitive Site (ESS) 1% V2, ESS ik,
UV endonuclease (2 & > T BRI —AEEWIE AR LT DNA 274 V7 Ha—R 50 ETERIK
BhL, YIRS Lo TER L2 Y I DU TRBEERI - ERT A FETH S, ESS IEOHIE - A#ITFIE
FBER RIS 0 RUTO LB THD,
(1) DNA DI E K UHRHE

HRHEERE D E. coli 38} Smi % 5000 g 128V T 10 /3l CoBEL . TEF% L 7= B> 5 Genomic-tip DNA
i » FQIAGEN)Z AV T DNA ZHif L7z, DNA fithi&iL. Centricon (MILLIPORE)% FiV \7=3& Lot
HEE(3000 X g, 30min)iZ £ VSR BEHE L. ESS HIEICAE L7,
(2) AEHLVEHTAE

B 17V DNA IZ Micrococcus luteus R UV 20 KX 7 L7 —8 9% 1 (W ng ' DNAYDBE TEM L, UV
T RX 2 L7 —BEER(30mM Tris(pH 8.0), 40mM NaCl, ImM EDTA) I8 T 37°C T 45 S RINIG S 872,
Ftk, 7v# Y &4 (100mM NaOH, 1mM EDTA, 2.5% Ficol, 0.05% bromocresol green)& %I L, 0.5%7 /L4
U7 H m— 25 10.5%Agarose H, WAKO, 30mM NaOH, imM EDTA)Y% FiV T 0.5 (V/em) T 16 BFfHIEUHKE
\ZHE L7, DNA =—H—I2iE, 7GT (T4dC+T4dC/Bgl I digest mixture, WAKOQ) 33 1 (8 8GT (T4dC+T4dC/Bgl
M digest mixture, WAKO)% i\ 7=, BRIKEEL DS /UL, 0.5(ug/mL)? ethidium bromide ¥R TIHEYL %
GelDoc 1000 A5 L(BIORAD)Y #1224 L. Molecular Analyst software (BIORAD) % FW N THRIT L7z, &7
JVDNA (20T, #DNA 0 9 B45hiiia U 7= bk BhiEsE, J72bbamohidis | Siad v 7VORE
PRENEEE X L7-, DNA ~—75—OikEhs R0 O ik & DNA BRSO IRERCEREH L, £hicié-
T 7 DNA OIKEREREP 8 % M H8 T SB(L e - median molecular length)i ZHE U7, X HIZ, Luyw
BRI X 0 T U7 BOP S L, (number average molecular length) (2 i2Q)FOBHE DAL T 5 Y,

L, =06xL, @
Ebiz, BfERG 0 0 ESS #E Q)R izt TRHE L,

E
S 11 &

base L., L.,

T TUC Lyl EENEIBEHE DY L T ND Ly, Ly XSRS RO > D L, TH D,
1 AR EBETEL O ESS oxtt A Mex L 7D ESS $ik ESS BIEE E L CERE L, EEHEF D ESS
B A Sl L,
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Table 1 {2, BERET & A FE7213% OBITRE I L7258 LUV L72WRIZET B E coli AFRFEDOHETE
RERATYT, BRI RZEMURVR T 120 SOTHERFHNM S B\ 62RO EE XN
7mo —J7. BERRT X ARSI AT 2B U2 Tl ABRRINT LA SR L) o7, B R %
FBHTAE LTI L7235 A103, 483500 BLEE 7213 1000 LA O3 #3900 U= % CriJEEHE sl T L
7225, S FB3500 L F £ 7/21X 1000 LA LD 7 7 7 o a R EIN U= R CHIEBRE B R oo 1z,
Lo, BERET X RO NEENIHIESE L. BTSSR 1000 205 3500 DME THD Z L HVR

X,

Table 1. Photoreactivation of E. coli in the presence or absence of yeast extract

mean survival mean survival
L . Recovered survival:
before repair: a after repair: b
+standard deviation, n=data number b-a
224 +0.0542
without YE 0224+0.05 0223
(n=3)
0.003 £0.00
with YE 18 0.001
(n=3)
with YE dialysate 0.196 £0.0009 0.195
(MW<1000) |  0.001 +£0.0007 (n=3) )
with YE dialysate (n=18) 0.001 +0.0026 0.000
(MW>1000) (n=3) )
with YE dialysate 0.002 £0.0007 0,001
(MW<3500) (n=3) )
with YE dialysate 0.369 £0.0362 0.367
(MW>3500) (n=3) ’

*Final concentration of yeast extract (YE) was 0.125 mg/L for all fractions.
Photoreactivation was allowed under visible light exposures for 120 min

Figure 1 {2, BERET 3 AR (28 3500
PUF) 280 U722 B LOURI L 720 RV,
HATIZ X B FHESEBRE R D E. coli TR DRI
Elezrd, BEDXABIMEORMILY ., &£
BEOEHENE L HHl SN2 L 3bhhd,

32 BEBISXAO_EHEE~OEE

BERET % 2 ONEURIIRIZ R DWW GEIE T
LML ARD T, B B TR(TE
TR 3500 LA M)EEM LU= RB L OSSN L 20
FITBIT DY 2PV ZBAOEEEM % ESSTE
FRHWCEERLR,
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Figure 1. Survival profiles of E. coli during visible light
exposures with (-A-) or without (~0-) YE dialysate

60 120 180

(MW<3500)

»2

*Control data were obtained in the darkness with (4 ) or
without (@) YE dialysate.
* Plots indicate the mean for three independent results.
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Figure 2. ESS gel image for E. coli during visible light
exposures with or without YE dialysate
(MW<3500)

Figure 3. ESS profiles in E. coli during visible light
exposures with (-A-) or without (~-0-) YE
dialysate (MW<3500)

*Lanes 1 and 12: standard markers, 2: before UV,
3: after UV, 4-7: UV followed by visible light exposures
without YE for 60, 120, 180 and 240min in series,
8-11: UV followed by visible light exposures with YE
dialysate (MW < 3500) for 60, 120, 180 and 240min in series.

*Control data were obtained in the darkness with (4 ) or
without (®) YE dialysate.
* Plots indicate the mean for three independent results.

Figure 2 |2, ESS{EIZ L > TH L2 E coli DNA DESIKEN T VEE T, SINRRBHERZICII &
REROBESR & UG L C DNA 2SIl L ST Y (lane 3). 7205 ZBIEDERPBE SN, FO%A]
B A BRET5 & RRFFHIIZ DNA O (E234E Tz < 225 TE Y (lane 4-7 33X W lane 8-11), FEEHEIC L5
CEROEENHERTE D,

Figure 3 (2, 77 /VEHGDMEHT> B EH 7z ESS BIFRORFE AR T, AITOERENC X5 Z&Fn(E
FIE 120 D TIEFEAFNTE L TB Y . SINERBIC L » THER LTs ZEE DI L # 80-90%/MEE Sy, B
BRI Z LD, BERET - BT OURINIE ESS BB EE RIE S e o Tz, 7205, BERT X 2AHEE
TABAIC L ZBIROBEITEEICE T

B LRSS, 1

Figure 4 (2, FIfRICHBSTD E. coli 455 &

L ESS BFROBRL T, BRTx 2 ol ® o
BRI L 72 ROl LIRS é i °

95 ESS DIEEMNBEI N, FRHIAERE A A A
bEWE L7z, —F, BT BT E U 0.001 0
IRL7=%TiL, ESS IHMEE SN-Ic b §ai

O ARROBEEZERIIR O h-

o O S \CHRETRIE L AT & 1A 12

0 02 04 06 08 1

ERRONZZ LD, BRI TE
EOBERSBRIBEEE I o =—F
FRBEDIEIE 23] L TV D ATREMEAS IR &
b 9y

ESS remaining ratio

Figure 4. Relationships between ESS remaining ratio and
survival during visible light exposures with (&)
or without () YE dialysate (MW<3500)
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BERET 3 AR L B E. coli OXFEHEMHIIEIZOWT, LU T ORSRE B,
D B AR, HEHERRIC R A ARRORE 28T 50808 5 5,
2) BERTX AR B, EICBITOELS TR 1000 225 3500 OMYEN E. coli AREROYLEHE R

HE5T 5,
3) EERT S AT OMEREMRIS L. Y 2 U0 T BROEEIIAES- P AR ONENE 2 1E 5
FIREMEDS BRI,

AR LY . SEEHE A0S D EOTFEA R Sz, W E S EER RERTH S 2 LI, [k
DU R E R A BREOMED BRRETICEET 2 eth 2 i S8 5, YEEHEOMER X O%IEHS
ARE L e, SRR RN O »F 5 EE D LR SN 2 2D, IHBE O ERHEIEED
FREAZ 2 ENS B OBL 25,
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