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The photoreactivation ratio of cyanophage PP in wild host under different light or

temperature conditions
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Abstract: The photoreactivation ratio of cyanophage PP in its wild host was studied. The results indicate that the
photoreactivation ratio in wild host was significantly higher than those of cultured hosts ( Phormidium foveolarum 1U427 and
Plectonema boryanum 1U594 ). Besides, the influences of ecological factors, including light quality, light intensity and
water temperature, on the photoreaction ratio in wild host were also studied. The results indicate that the photoreactivation
ratio was positively correlated with UV-A intensity, visible light intensity and water temperature ( P <0.05). Moreover, the
photoreactivation ratio caused by visible light was significantly higher than that caused by UV-A, and the photoreactivation
ratio could approach its maximum when the visible light intensity reached 160wE+m s ™'. Our results suggest that visible
light may be the dominant power for photoreactivation in shallow lakes, and the photoreactivation ability of wild host may be
weakest in winter and strongest in autumn as far as the combined effect of water temperature and transparency was

concerned.
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PR AR EZASYRENIERZ —M 2K E R BEE, HAE K& # kB mT LU ik
10°—10"VLPs-mL ™" ( VLPs, Viral Like Particles, ALK T) ), T H G 928 SN RN 5 | 2 R J2 K ik rp PR i
WEE (REARWEBEIR) SRR TE MR FER R AERBE KA, B G EFIERERN H RIERER 30%—
90% >3 R K W BEAAR PP f H 45 5 S 0 F] 7 ik 58. 86% —88. 60% o R H BN IR WG B I 25 15 1R
B 52 T 303, (ELR SR /K A e ik B R A T O 7 th RTRE S TG T e B S0 B, WX — P AR &2
BRI RS £ RO R BRI A RUK R SN I TR I B BE M , FLA I RN B LB B )
ARIA 60% ') | ST 31 5 () FC SLR BE ( Plectonema boryanum TUS94 ) X 45 1% Iy MR /K MESEAA PP 6B
KA LIKE] 61. 4% 1 BAR , QNS 18 B R % T IR IR B AR e R R AR B A A, IE R N AN, e
PHETE EA-FROBBE X TE R VR EFEIR R (A RE AR ) MR K ALEDT 2 € BN AT
fEREAEEE N,

R FTHRTESE B2 LASE B #0 F 41 28 B8 BB 2018 B S8 AN RO s S 1) (B S B S AT J2 DA VA P
i BARRM T REROLBE R, FEFERFRE: ERPFRYE LR ERE 3 (B H RALE) AR LR, Tk
X B A E OB R R BESE  R AR, A LI E B R BRI PP L BT AR 18 3 IR R B R AR
T BB B [ TR o R R PTR FOBE s AR T M8 ML E BE R T RES R BB K
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(1) Mg Btk PP AL 8 NA H /Y B 15 5, ARAF T 4°CUkAE" " s B AR FE F2 4388 1 QUK 0 0 Ji 1 (30°
31.60" N,114°22. 15" E) , RSk R #i/K 3537 B 45 5%, & 16SIDNA % 7E h i 38 LI = 1 IR BE (P
boryanum TU594 ) FI3LIE & B ( Phormidium foveolarum TU427 ) ¥k H v BBl B /K A = ¥ 0F 5 Fr, 43 5 AA
BEFRFEAN BG11 BE3R AR . RIRSERIER BB M , B3R 55 1F 380 :28 C, B HREREE N 30puE -m s ™
(YZ20RR32,20W ,Fg &%) , G b 16:8,

(2) Sk RWIKEEFREERC S IJERAE SBUK 11,3 BT uE, DL AA $537 5 N:P LA KNO, (N
284.16mg/L) 11 K,HPO, (P 80.17 mg/L) ZJFE/K#E 121°C K 30min,,

(3)1%#% PR (SOLAR LIGHT PMA2100,35E ) ; UV-B 4T4 ( BLE-1T158,312nm, 15W, 3£ [E ) ; UV-A
YT (F15T8BL,365nm,15W, 3£ [H ) ; /E A 7] WG GTE A H OBATXT4 (B9 3¢ YZ20RR32,20W) ; 5 Z M ¥ B
(HXF UV-B #1 UV-A MHIR S0 9% F1 5% ) 5 BisE s 3M B (X H ot UV-B F1 UV-A [ HI| 8 %8
KTF 99% , %t HOEH AT WL E KT 70% ) .

1.2 kB R
1.2.1 WEHEK PP 45

¥ 15W NT551 UV-B ATERTERT ST 30em A ; K51 45 47 B W 3 1 ( B 2038, B JERUAY ) 726 7E 3 1 H
& Tem B (BP0 Sml, R TE = 9 0. 13em) ,FFF)E T RIMTWIET T S BER CIHBRHRE R ;
FTFFEHMT R ST 60min, HLB , W TE 2 ) UV-B SBBEZ5E K 2. 21uW - om ™% ;60min J5 5P AMT , K kE i ]
WeF) 1. SmL EP & rp 4°CKFERAF R o
1.2.2 BPAJH¥E BRALBEMIUL R BB R R T) LA

FKRABZFEAE LM T (K AT 610 nm, B GIEER) 251K L B (4510 BF A= 3 1 EG
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QUL BRIV ) SRR FR LR A 55— 2 AR 5 =2 5 K 15405 0 W 8 1A B B 0. I fit AL 0. 9L i A
AA SEFRIEP  BRAEE 10°, N 4B 0. 1mL 43515 0. 9mL B30 ¥ 45 9 (8000r/min , 10min ) A [Fl 5 3 #6478
e, 1h J58.0>(8000r/min , 10min ) 35 B R W R A6 3 LA G o FR IR BFI M, FE-LAGZE L 8- 3 AR 4 YN VR 4 14
¥ 2mL K bFRE SR 3mL BIUZ EARIEE "R EHEEE . R TARE T 30uE - m s AT G, 28°C T 1
Ft 4h J5HE ALLE T 28°C #5557 200, B M BE . iR — N RRLER SR HXT R4, & A% 3 AT,
1.2.3  R[F] UV-A 38 BE X P A= i 3018 52 BB 1 HSE i

SUBR AR KR I XUZ AR E UV-A AT T, 38 1 8 8 B B T8 RS R 6 BB B2, WIS UV-A
R 439025 0.028.0.356.1.880.2. 638mW -cm ~* JBERIN 28C, 7E UV-A FI%3R1B K 4h J55 A 4156 28C
B3R 200, HEOE S BE, B — N R, & I 3 A PAT.
1.2.4  R[EIA] O35 BN B AR i M 618 S AE 7 IS

SUZ Ak AL Wk [ B SUZ AR S B E TR AT % (B AT ) SRR EE T, 6 BRSR B i B h 5.30,
8OWE m s ' fl 160WE-m *s ™' JREFH N 28°C 357 4h G AL TR, oAb, BB —4 H G R
BRI — AT ETE H Ot TR CEHUT 3M [ 25 DL UK FH o 224043 ) | 38 3 7K v 4R 42 sh YR B 7
28°C , & E WA 11:00 2 15:00 (H1] H 00 13 3h 75 2 343. 1—800. OpE -m s ') , Z A E N
M 28°C T35 20h, B B— MRS BB, & 4% 3 A~ FAT.
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SUZ A AL e B B XUZ AR B T 7,20 .25C i 31°C F 137 4h(4 MBREESHIRFE 4 T
IR BIEEAR ™) , G BEBREE  30uE - m s ™' JGHE AZDOE 28°C 15 3% 20h J5iH s 3, Bik— A4k
X} BB, £ I 3 A FATo
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HBE R = (LA PP U - 06X IR MEBE IR PP 2UHY ) / (WEME IR PP JFUUHY — £ 6% R 2 1k
BAR PP 3 4) x100%
1.2.7 Seitarir

] GraphPad Prism 4. 0 fE &, 5% ] SPSS 13. 0 4k 615 T EAG R E A 72 .
2 ZERMSN
2.1 B MRS BRI S R A H

s 70
PNGRECIRN S SOpIR - SOl E Ty il
fk PP By PIFI LB = 1E F (P <0.05) , HBERRAHN &5 4 —
S E IR RITUR MR A LB 1. 56 5 A *gfg
1.79 4. 2o "
~ U A G HUE B B QLR B
2.2 A[E UV-A SREEXTEFAE BB 1B B e = Wild-Phormidium sp. P.foveolarum 1U427 P.boryanum 1U594

ME 2 AU, UV-A GBS B A4 5 3 %) UV-B v
Wi iR PP AT B ZAE M, EXCBERBESIBE Fig.1 The photoreactivation ratio( Mean « SE) by different host
UV-A 38 B b 3 i, {524 UV-A 38 FE{K 2 0. 026
mW -cm “*f, JLP- B A B RAEH

Hy SPSS13. 0 15 2|/ [E 5 5 F#224 «
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8OME-m ™™ s i, B A JEHOLIB R RE 1IN T 48.5% ,{HAA 80uE -m s 7 | 160uE -m s~ S IR BEHY i —
EHRM TR R I T 4. 4% , 7T W FEGREGE BEE— 0350, BF A BB B R RE TR T A€ , Fe il
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AR FEERTFIZRE ) BZOEIR T B ERIIAT A 36. 2% , YEHT— K BF A4 5 B AT H b7 618
R REK

100

S

° 3

= = s
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3 0 = e HeR
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Fig.2 Effect of UV-A intensity on the wild host’ s Fig.3 Effect of visible light intensity on the wild host’ s
photoreactivation ratio( Mean + SE) photoreactivation ratio( Mean + SE)

H1 SPSS13.0 152 [E )37 2 0 «
R % =18.129 xIn(I,uy)/100 (R*=0.994,P <0.001)
LR, % FHAB I, Ly VT WOESREE (BN pE-m s ™") o A BRMERIEE N 1pE-m s <
Lipy <249pE-m*s7',

2.4 EEXEAER BB RES K

60

B 4 FTLUE RN SRR H R or 1
ERw MRET R, BAEEMBRENRELE XS |
G TCHEL,SICHIEBE R EFRT 4%, #F  R5 0] -
20C525C 25CH 31 CZ M EBREEHUAERE 2 OF =
EEF(P<0.0), HIREN T ARRWEZENE 7 2 2 3
R . MR TemperaurelC

Hy SPSS13.0 152 [ 52K « H4 RENEEEEREEENNEE

R% =T""/100 (R*=0.991,P <0.001) Fig.4 Effect of temperature on the wild host’ s photoreactivation

KR % HHBER, T HEE(C), Hhfy rto(Men=sk)

BHHIEE R 0C < T <31C,
3 itig

A Y ST 72 U1 B A BE 16 B ) B 257 TSI S B SR AU 5 9 ( P. foveolarum TU42T ) R FC 4125 3
(P. boryanum TUS94) , A F T WM 3R AT LARI A 72. 7% 3% T F AR 1 T Wik PP R0 945 23k
HAHFI.

AR4E Cheng K 25 A ZRIU AR A PO 25 40 9 B , K T8T UV-A L FT TOE G381, 254 335 k2 AF3 B13%8) UV-
AP FER AR, T LR P RINAR WA SR FATRER UV-A AT 6658, FARIE AR R BB s &
5 BRAREE (403 UV-A RIAT JLG) 9 [ SRR | 7T 43 50 T A% 9 PO 28l 5 UV-A R AT YRRk 30
BEEES(E).
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F1 HiXFE#H UV-A SR RRAEE TN
Table 1 The estimation of photoreactivation ratio by solar UV-A and visible light in Donghu Lake, Wuhan

UV-A ] B Visible light
=4 BUEN KBRS KEEEE SRR KERAGE mABRRE S BERkE
Season Transparence  Max intensity on Repair ratio Depth of 5% Max intensity on Depth of Depth of 5%
/m water surface on water max repair water surface saturated max repair ratio
/(mW-+em™2) surface/ % ratio/m /(pE+m "Ll repair/m /m
#:Z% Spring 0.70 0.307 5.60 0.02 1350.0 1.23 3.02
H 7= Summer 0.47 0.985 17.97 0.24 1598.4 0.87 2.07
#Z Autumn 0.42 0. 459 8.38 0.08 1155.6 0.70 1.77
475 Winter 0.77 0.207 3.78 -0.05 914.4 1.17 3.13

a:BERAKE] 5% KK b: REIRRHR BRI BT

HiFE 1 AT5 AR W DUZR S UV-A 3R BEAL FAHISFr s B A, i F UV-A 38 BEREK R T/ H UV-A
N BHCEE R GHIRE R IEAX (P <0.01) , BT UV-A A S HEFA 15 3 1016 5 1 U8 b6 25 7K 8 T 08
/N, BZIINZE UV-A A SEG B R R SR E7EK AL, HEVERE UV-A SRERAMES , HERK
B R HIAE 17.97% R BE RN 5% KTEBEWRAUR 0. 24m, T EI 4 Z, BIfE R K 2K, UV-A Fifr &
MR RANT 5% . HELZ T, TREHA-SHBE RN NIREL, WE LYW E, 7T REEKT 1m J5HE
ER AT AR B S0 100% 47451552 30 5% HRBE ATk 2. Sm (IR O R s Bk ™ 2 . b
REEFULH, HIXT T H G UV-A T 5, i B OBl G FraR s i 66 8 B RE ) 58 , T B O T I
(ZFHZEILE 10 5 L), RERRDUR ML SIS A B E 0 EEIRS ), FEERNR, E% 5% X
SR FH X (AN SR ) T SNBSS A X B , UV-A FrUR3h i85 B e 3 K, T 7T 06 i T8 1 T 3
YN, B LAZR 22K R el AT SOBIR S B8 S BE ) BB OB R £ bl UV-A BRSI B BE 1 I3 KEE B

Cheng K 25 A PRAIWFFT T 52 30 55 15 35 0 B FC 2 2R 3wk BRI 0 4% 215 32 S8 SN 003 1O W B AR 11 18 B 1
B RAEEHIT R AR B RTE ARSI T A 258 i (5 B3] T AR 21 S 4ME iR 1 e 2
IR , (EM6 FEER 75 SEATH SR S S0 3 0 37 O 00 PR AR 4k B (T AR P 278 ) 48 A 58 8 0 L B ol [T 5 o 28°C
(TBA % RIZ R . B TARIRE & I A 78 3018 2 /e Wl R AL BB ERE i 1.79 4%,
HEFAEE BB E R SREA RIFHIEAXME(P <0.01) , [F i, AT L Cheng K 25 A il £ 45 5 0 2a )
ZE8 KR 5165 AR [E RS (0 2. 4, 3L BE ZRBRAKTHE 77 v S 100 2 S 7K 3R T o O F) 16 42 R 8% LA 28°C i
MR R) AT FE AR ERRIOLBER, BTE 1 KM R LR B R K SIS
71, IR S T 9768 HeAe , A% SCAUHH3 T OGAE FE 52 IR BE P9 i it B G AT OBIR B B8 82 3R, HLg SR nk 2
R o

F2 EHNFEHABERNRNFEBREINRAXEEXZRNE
Table 2 The estimation of max photoreactivation ratio by wild-host in the depth of saturated repair in Donghu Lake, Wuhan

o kit REERE T LR R R BIRARMIEAEE R AR ENRABE R
Temperature Temperature - Max photoreactivation ratio Max photoreactivation
Season R Host coefficient X R
/°C coefficient of P. boryanum 1U594/ % ratio of wild-host/%

%7 Spring 20 0.69 1.79 43.3 53.5

K Z5 Summer 31 1.12 1.79 16.2 32.5

#Z& Autumn 25 0.88 1.79 61.4 96.7

£-Z% Winter 7 0.08 1.79 21.0 3.0

w BAERENRRBER = MIRAKENRKRBER < RERE < i ERRRE

H12 2 AT Ak A BB R AR X ) e K18 R R BUNE Rk 96. 7% ,3X 53K Z 19 1 i 2 2 BE A 5
BRMMERY GRS Mg X — AR FERE FBEAFA: (1) REEHERME(E 1), UV-B
S FRZK T HIBINTE] , B A PP B2 3 DU, WA S B R (2) KERKIBE R B R A BGR. St
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R, FEAZ B R IMERZE 3% , RE R KEHE (SHBE RN MEKR(SHBEER
TR R ISR X — R SXELIAE 11 A s AljE CKIRET 10°C) N BUBIX 9 B SR 7K 74 H A T 2
WK PP SR

g5 LR B AR EHDBB R BB R TR K= A 1, AHX T HOB UV-A TS, A R/KAH i B Ear it
Fisv S OB 2 b AL, i TR KIR AE R B E RN, B AR R EAEK B R AR BOR , MIEAZH)
BREEIRS
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