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The combined effects of elevated CO, and elevated temperature on proliferation

of cyanophage PP
NIU Xiaoying, CHENG Kai* ,RONG Qiangian, XU Min,ZHAO Yijun,ZHAO Jin
Hubei Key Laboratory of Urban Water Environmental Ecology ,Central China Normal University, Wuhan 430079, China

Abstract: Atmospheric CO, has increased by 25% in the past 200 years and its concentration is predicted to double by
2100. Much of the research effort into the impacts of elevated atmospheric CO, concentrations on algae has focused on
marine algae and very little work has been conducted using freshwater algae or freshwater algal viruses. Furthermore, little
is known about the combined impacts of future CO, and temperature increases on the infectivity of algal viruses, although
the two impacts are closely connected. In this study, Plectonema boryanum TU597 was grown under four different
conditions: (1) 25°C+400pwmol/mol CO,(control) ; (2) 29°C+400umol/mol CO,( elevated temperature) ; (3) 25°C+
800 wmol/mol CO,(elevated CO,); (4) 29°C+800mwmol/mol CO,( greenhouse effect). The cultures were incubated for
one week, one month or three months before analysis. After incubation, the biomass of each culture was measured by the
Chl a labeling method and by direct counting of cell numbers. The cell size was determined by microscopy measuring, the
adsorption rate of cyanophage PP was determined using the centrifugation method, and the burst size and lytic cycle were
affirmed by measuring the one-step growth curve. Results indicated that different culture conditions had no significant
influence on the cell size of P. boryanum. However both the elevated CO, and the greenhouse effect conditions could
significantly promote the cell number and total Chl a concentration of P. boryanum. The elevated CO, condition also
decreased the Chl a content per cell by 31.35% —42. 42% compared with the control condition. The latent period of
cyanophage PP was about 260 minutes under control condition, while under the elevated CO,, elevated temperature, and

greenhouse effect conditions, the time was brought forward to 200, 170—200, and 140 minutes, respectively. The lytic
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cycle of cyanophage PP was about 380 minutes under the control condition, while in the elevated CO,, elevated
temperature, and greenhouse effect conditions, the time was brought forward to 320—380, 320, and 260—320 minutes,
respectively. This indicated that elevated temperature and elevated CO, conditions had a synergistic effect on the latent
period and lytic cycle of cyanophage PP. The first hour’s adsorption rate of cyanophage PP was an average of 2.7% in the
control condition, while under the elevated CO, , elevated temperature, and greenhouse effect conditions, adsorption rates
were an average of 1.7% , 4.8% , and 7.3% , respectively. This indicates that the elevated temperature and elevated CO,
conditions had a synergistic effect on absorption rates of cyanophage PP. The burst size of cyanophage PP was an average of
32 PFU/cell in the control condition, while in the elevated CO,, elevated temperature, and greenhouse effect conditions,
the average burst size was 24, 51, and 32 PFU/cell, respectively. This indicates that the combined effect of elevated
temperature and elevated CO, on burst size of cyanophage PP could be counteracted. These results not only suggest that the
infectivity of cyanophage PP could be significantly promoted under the greenhouse effect conditions, but also imply that the
combined effect of elevated CO, and elevated temperature on the infectivity of algal viruses was complex and caution is

needed when studying the overall responses of freshwater virus-mediated processes to global change.

Key Words: greenhouse effect; cyanophage; adsorption; lytic cycle; burst size
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Table 1  The change of latent period ,lytic cycle and burst size of cyanophage PP
S A3/ min 2L JA 1/ min HIRECR/ (PFU/AS)
Experiment group Latent period Lytic cycle Average brust size
HEHem N N n N 4 A~
Cultural time 14 LA 34 14 13 34K 14 1A 3MH
CK ZH Ambient control 260 260 260 380 380 380 25.92 33.13 37.75
HRETHE4H Elevated temperature  170—200  170—200  170—200 320 320 320 49.85 47.17 57.07
CO, JHE4 Elevated CO, 200 200 200 380 320 320 19.6 26.17 25.96
IR 3ROV Greenhouse effect 140 140 140 260 320 320 26. 64 32.73 36.24
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2 MR YGRIG BB, YK IR M 25°C THE F] 29°C I, 7K BRG E 23R M 0. 8937 Cp 431 0. 8180Cp, 2
R AR A ) B R AR 10, 7% , 31X Z /0 0] LU 4 i B S 1A PP 7K T 38 A Ak R R R 0 8 58 A
ML,

M99 B AR S P R B 1) B R 2 O R A R 1 P A2 AR BR S A2 AOIRAS L O KT I T v s 4 i
AR AR AR S B Feak i K AR AR AR, TSI 32 A B9 B0, Samimi F1 Drews ™' % BLAE 4—37°C Y0 [ 9 1k o8
A AS-1 XF FRLAN AL S 38 Anacystis nidulans /W BFE 2 Bl T RE A T 1 FH i, 302 R R AS- 1 W RFER 22 19 i 22 A it
T TR ek A BTt ARG IR T 5, L T v 4 R B 3 484 W 15 T 60% , 17 1T 38 A9 A S
FRER A3 B BRAN R 10. 7 %, PRI/ T T e X A S P R BB 52 i B g k2 0 GO, pHL LT B S M SZ AR I 25 i
Benedi' ™ 25 A\t 360 WEB IR FC3- 1 4 FAKAEAR pH R B0 ER 1Y BLBE R 38 A%, 2 N FC3- 1 7R Fff i
IR 2, MEMR pH 18 EA R IEZ MR T AR, XA UG5 3 AN B &, 2 0E &
B, T CO, WREETH i i v 1) pH (BT FE24 0. 4, DT AT B HI) 55 96 75 1 W B RE

ARV B I, AR PP XL 2 R 4R WA PP R B 1 S A BE D R KR R, K U B BE 1 T
CO, M BEFF i X WEse iR PP A W B ELAT JEFP I [R50, I BRI RN, AN SR AD T FAERE CO, e B T 1 3R
pH E T B TS | A R R 2 e, 5 2 J DGR T S0 305 P88 T v ST 5 e ) g o e 3 i

9 B 114 R T e 2 S T BN T W EE AR AT . S MR B R Y — A EE R R A AR HORA L E
W4 B AR AR RS BR e R A B i P EAR g B L B o8 A AR A I CO, TR S EUE
F AR A ER PP BB EI W B0 T, X5 Larsen™) %8 A X EER A 3895 8 BV ( Emiliania
hualeyi virus ) FRIFFT 25 FARARL ; T8 B8 T i B X i 2 09 2R R A 52, (EWE e IR PP A RS0 B0 KR E B I 717,
T BRI — B 1 D DR T B W A ) 398 B e R v T Y — SRR A S (X SO 5 A T A AR e 2
HA—EM5E4 R ) BTG RB IS DR S TR BT 5 A O, Inmg s AR v] LRI B 5 4wt 1 DNA SR G (X
S5 15 2 DNA RA B L R AEY)) T3 AE 0 0 BUAL , AR U 00 A & BT 25 000 45 0 A s e 1
PP RN TRIETHR A Co, FHmdlZ ], ST A0 B & 22 5, Ul BIE R THm Al CO, T g i {4
PP L (14 5 A BE A BAHHIRIH .

ZE FTIR ARSI R CO, FHERE T P boryanum BYAW) i IR EE I CO, FHE ASUEIE SR PP AY%E
il FE SN AT, T LA X6 G B 3 RS TR A AR A AR A e A WY S 5 . Horp R EE RN CO, T R I s K
PP W BFFR A4 520 T 0 R4 i X Rl e 40 52 M D 8 408 B ARG T
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