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Abstract: SII0528 is one of the site-2-protease (S2P)lin Synechocystis sp. PCC 6803. In the work, the growth of three mutants of
Synechocystis (the mutant overexpressed with OE0528 of the s110528 gene, the Asll0528- knockout mutant, and the wild type) was compared
under different concentrations of ammonium chloride. The'results indicated that the knockout mutant Asl10528 was more sensitive to 120 mM
ammonium chloride than the wild type,with the photosynthetic system damaged more seriously; at 180 mM ammonium chloride, the growth of
wild type was inhibited, while the sll0528-overexpressed mutant OE0528 grew well, which showed higher toleration to the high concentration
of ammonium, and better protection for the photosystem pigment phycocyanin and chlorophyll than the wild type. All the results suggested that
S110528 plays an important role in the acclimation.to.ammonium stress in Synechocystis sp. PCC6803, probably through protected or recovered
the photosystems under ammonium stress directly or indirectly. This is the first report to unveil the importance of S2P protease in ammonium
stress of cyanobacteria; thus provding the base for the research of acclimation to ammonium stress and improvement of ammonium tolerance
and utilization in microalgae in the future.
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Fig.1 Schematic diagram of construction program for the
recombinant plasmid p3031POK
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Table 1 Sequences of primers
AR 15 (5-37) 4K Eop
sIr2030-L CCCAAGCTTACACTACATTACCGGACAAACT ol6
sIr2030-R AAAACTGCAGTCTTCCTGGGGACGAAAACG
km'-L AACTGCAGCTCAGTTCGGTGTAGGTCGTT
km'-R AACTGCAGCATTCAAATATGTATCCGCTCA' =
Ppspaz-L AAAACTGCAGTATCAGAATCCTTGCCCAGAT \
Ppsaz-R TGCTCTAGATTGGTTATAATTCCTTATGTAT
s110528-L TGCTCTAGAATGTTAAGCCTCAGTTTAGGG 1960
sl10528-R TCCCCCGGGATCCCAATCTTTATGGTTTCC
sIr2031-L TCCCCCGGGAGGAGTTGGTGGCTAAGTIGT 650
sIr2031-R CCGGAATTCTCCAGGTCGGCATACATTAC
3031-1-L AGCCATTACGAAGACTATCCC 610
3031-1-R AGCAAAGTTATTCTTAGCCCAC i RREARIE
3031-2-L AGGGACTTAGCCCAGTTTCA 1001
3031-2-R CCCAACAGATCCTGCACTTTA IR R GRS IE
s110528-2-L GGCACCAATAACCAAGAACCG 133
sl10528-2-R GGAAGCCTTTACTGCTGAAGAT TR-GPCR 33
mpB-L TCGTCGTTTAGCGGAAGAAT 112
mpB-R ACGAAATTGCCCACTACCCA RT-gPCR #&24E

1.2.3 %Jt PCC6803 4937 ik

DA OD730=0.1 ik P KM i 2 NV BG 11
Bk, 7E6HR 25 pmol/(m*s), TR 29 °C, i 150
rimin PEPR SR S d. IR BG1L B FRIEH A
RUREE R 0.02 M ) HERES H ik iT- [F 4
BG11 k725 s [El & BG1L B 5 MK EE 9 0.02 M
f) HEPES, &K 0.3%f1] NapS,S0s FIZ Kk E A 8
mM ) TES. 3EFid T ImAAEN TR
1.2.44 it & 3K R OE0528 /2 DNA K- 69 %2

FHGRES R I WIT Fils ek 3Pk OE0528 f 2L A]
ZH DNA, FIFR1 it SR8 RIS IR 5 #3817 PCR
I8, SR A SRR T8, B R
PRI B, Bk B A B SR E RS —
;, RAWEFRIE IO IS M WT FERI4H
FARAL B -
1.2.5 itkik #EHk OE0528 £ RNA K- 4 34iE

FABGI S I EREL WT it 3214k OE0528 1)
RNA, A] DNase Z:F RNA H5% ] DNA, Fi# RNA
S S AR cDNA, Ll cDNA JyBt ] RT-qPCR 46
WEAEIY (R 1 Fis) #4T RT-gPCR ¥4, SRIGIE

sl0528 J& A fF2dFRIL. RAMX E&EE, LA mpB
FEPRE NN S o FE ) mpB 78 8 i o 41 514w A% RNase
P (iFk: B, #ixEEEM. By i 5% B
HLHH Cr 1, KSIRIEER S B EER Cr EMHEA
ACT1H, HMBERFILE=2T, B3R WT Fiid
FikEERR OE0528 T 5110528 FHxf #ik &, H—1bjgidk
T . FAFERI AT, BT 4ANEER.
1.2.6 HILEBHIEALA b LB AAL GG M2

¥ WT it ik itk OE0528 LA ODy75=0.1 1E N
ALK RNV BGLL B3k, 42l e 26 4F,
FEI6IE 25 pmol/(m® s), 5 29 °C, #5d 150 r/min 1%
PRAESEREFE 5 d, & 24 h BUFE 2 mL 1AM e
THISE 730 nm AL FEAE (A7so/OD7go) BRIEAT A
PR, RS HIhZE . R 3 A PAT.
1.2.7 HIEGAT AT

A Origin Pro 8.5, SPSS 19.0 554 AbF 4y
MTSI0Hd , 75 3155 M i A= K i 28 VRN 4= 2 i i P
BRRIAEARESE, SLIREFHIN 3 Ik, n=3;
R 2 LR R eI 2 =B ( x2SD).
BB R R = Z i, SXTIRA AL,
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Fig.2 Schematic diagram of recombinant plasmid p3031POK
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Fig.3 Identification of the recombinant plasmid
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Fig.4 Identification of the OE0528 at the DNA level
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AT, AEBEYEE sIr2030 A1 sIr2031, Kt &k
TelF km'+JE BT Posar+sl0528 Fei N\ FIJEF AR U 3[R 4H
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s10528 11 H 1. JEA] sIr2030 AT sIr2031 Hr(ajfr & ] LA
FITFARNANEIE IS, (bt fr o, S B
RN RIERE . ik 2 s110528 i ik 7%k OE0528
J& » FEEGE RIAEEE DNA, F 514 3031-2-L, 3031-2-R
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2> P1 3350 bp A1 1001 bp Fiskscr. Wi 4A Bk,
AR PCR ¥ #4441 7E 1001 bp Fffi, OE0528-1.
OE0528-2. OE0528-3. OE0528-4. OE0528-5 %it#
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13 P A B S Ay o S B [ PRt A 2 7 I o
HUAR AP S, I as e %47 T 610 bp 4b. 45
RUNPE 4B fis, B4R PCR 1845 B K G 4 7E
610 bp FfiT, 6 PRidFikmbky G 25 AR A 2K T
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Posoaz+s10528 =A™ Bt e A HURH PR s o X g I
1t B sl10528 1 i 3 ik g 1 E Bk OE0528-1 .
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FNTUE N E, (HIX Lk 3L A s110528 Kk = 7
T WT AT e EEdE— S aeiE B
222 RNA KF %%

W WT 16 #Rid 1A A OE0528 1577 25 4 d
FIBER, HEEX RNA, %1t 519 s110528-2-L, sl0528-2-R

(£ D, @it RT-gPCR SE58 B4 Rk HEpk 3 K]
sl10528 J2fid ik, 138] Hbrdk RIS REEER ) Cr
B, HACT %, HhHirREWRIARE, HiEAMH
XtF WT F:JA] 5110528 fZaik & (K 5).

K] 5a RT-QPCR 4/ 1 it 2% H 24 fot 9 AN R AL g™
1 2 A R4, B '5b RT-QPCR YA th 2 rh g 3k
BRI S 14U SR— BB 1 5 | R S e e, S
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LR B 12.48, 19.93. 19.22. 25.31. 17.37 ([
5¢), AHXTT WT, idRikiEpk sl10528 FKik & i
P2 WS BN T Posoar+sl10528 J [H 1 BLAE it ik 8
Pk OE0528 H Il NIFA XGRS . 6 Phid FikErk
1 OE0528-4 F£[H] s110528 [ FH ik B f i«
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Fig.5 Identification of the OE0528 at the RNA level
7E: a: RT-gPCR # 3§ # 4k, b: RT-gPCR %W, c:
it kR SR OE0528 F sll0528 #94ast A&, L5 WT ek
7 p<0.05, “**¥°& . p<0.01.
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Fig.6 Growth curve of the OE0528
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AT s10528 ik Fik X 4EHu i PCC6803 ik
wAEKEGARN, K 6 it RiAEM OE0528 Hl
WT USRI EE OD730=0.1 JF4h, TEIEH A% T iks:
%IE5d, FHAE 24 h BUFENE OD7so fE, W73 OD74
HZH KL, k6 Frx. MEHRTLIEH, 6
PRI FIA R OE0528 A T 26 F0 WT 25K Hi 2R AHIET
i FeIk R IR WT X ELHE T B b, ATl
p>0.05, Jo i 35 14 22 7 . Ho OE0528-4 A KA,
{H sll0528 1t OE0528-4 ik sk (Kl 5h), 2/
T2 A s110528 177005 FEOL A KR K, A 1F
JEERIOUE . e SR ME SLER I Rk Ak OE0528-3,
J5 BRI o Ho A 44 9 OE0528.
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Fig.7 Growth curve and whole-cell absorption spectra of
Asl10528 under ammonium chloride stress
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B; b: 120 mM b4 44+ T WT #=Asll0528 % 5d 498 1 ; c:
120 mM R4 T WT #Asll0528 % 5 d 644t fitBulk A .

F5% 5110528 5k PRI x A H s el S £ SR B 1 D g
S1E/H, BRI ARk 10528 ik ik
Asl0528 AT A ELIA S . AsI0528 FAEERH [F]
REARCL e, HEEFREPIEIRER em” BB i
PCC6803 1117 5110528, i%F58 44 sll0528 H i,
WT FlAsl10528 43 7 fE 24 5 0 mM< 90 mM. 105 mM,
120 mM [WEE:, IERREECIRERAM T, %Lk
%9t 5d, lERKig (K72, FTHS TS
Y IsE (B 7e). MWETa T LA, WT 7E 90
mM. 105 mM ¥R E & A0E: T A 2R AR &l bdk ™
ZRAK, WT ERKFEAHZEIRZ 0, 78 120 mM
IKFE GBS T, WT A KRR R TS . 60
WT & MR S e, Rk d e T A K2
Ttz R0, TASN0528 [ 4K a3 b AL Ak IR
BN AR S, 120 mM IR EESUILER T AEKSER N
ODy3 0.02/d. 15t BHASI0528 it #h b K IR ISR, B
o TR BE R A K B AR5 . P LE WT Ak
KFEEMRASN0528, G HEH sI10528 [IAsI0528 i Eh
IREE RN, LA s110528 753E b #h 35
e BB

ELAE WT FIB 2K RASI0528 7E 120 mM 4k k%
FUFRIEFREE 5 d MBI (B 7o), SRR
Asl0528 HETIEWI T, A WT FHEL) L3 K,
Vi AL s110528 o 4R eI B #h i ia s A ] b
WT I B A& A R IS A A P B v, 3R
120 mM G4SN0 WT A KA — & 5

B8 WT FIAsI0528 7E 120 mM Zfb4isc
PEREFREEE 5 d FAgiii i (B 7). M
PCC6803 7E =4I SO GG 8 = ANFIEIE, 5%
NZ: 500 nm~550 nm, #EWEEH: 600 nm~650 nm,
42K 680 nm, 5 IR B FURIH2R 35 20 Sl 2 5 HE 4R
GG RGN EEL Ry, BEIRARVE N RE RGN
& RGR VRS e A E T, B oS &
FIFI SRR S 25 0E R RIEM K. B g
F|, 120 mM SALE FEE 5d, WT HIHSE 2 A5
FIEAR 2 T B2 B ARASI0528, $7n WT AL T sk i
PRASIN0528 [1GE RGuThRE, FaMRRE T WT 1E 120
mM SEALE S R REAE K, TTiASI0528 JLF-ARAEAEK: .
Tt BIZE A s110528 T ff 7 PCCB803 Jdi Wik £h i 1)
HENEH, BERHE R B ERASII0528 7£ 120 mM
SR N ILTPAEK.

[FJ A WIT FE SR S (1 Pt 2 R i £
EH AT HARINE R, ATWT £ 120 mM &



MK EmBHL

Modern Food Science and Technology

2018, Vol.34, No.10

(bl T AE KRR T WT AR R B S
2.5 itk ik OE0528 8 4 fbk it T o 4

12 =Wwr

-~ WT-120 mM NH,CI
& WT-150 mM NH,CI
- WT-180 mM NH,CI

A 730
f=1
(=)

1.6
b -

L4F e WT-180 mM NH,CI
—&- OE0528

-¥ OE0528-180 mM NH CI

WT-180mM

NH,CI NH,CI
22 wr
X WT-180mM NH,CI
—OE0528

L N OE0528-180 mM NH,CI
o | .
2 16
=]
% 141+
< 12t

1ot

0'8 i 1 1 1 1

400 500 600 700 800

Wavelength / nm
8 OF0528 TESLEERME T L K EhZk N 4RpRIRULE
Fig.8 Growth curve and whole-cell absorption spectra of
OE0528 under ammonium chloride stress
E:ar WT £ iR E A8 T eg £ K2, b: 180 mM
AMA AT WT A2 OE0528 89 4£ K ¥ £, c: 180 mM AL
44T WT 42 OE0528 % 5 d 4B A, d: 180 mM R fbsedc

T WT #= OE0528 % 5 d #94m e A .

HE[A] s110528 [k S Bk K B RASI10528 X &AL
B LLRCUR, IR Uit RIA Rk OE0528 /&3 bk
WT B 52 g ¢ B S A e, WRR L it 3R I8 # R
OE0528 FI WT 1E =il i S a6 NI AE K AR I
TNt WT BT Bk S S AR 75, #RH WT ASEER:
ZFMERE . NFUIRSEER A R R, AR ER
AR IR WT AR AZ BRI Gt e h ik 1 T e
S (FE 8a), 180 mM Akt WT A=K Fmi K,
253 d 55 5 d OD70 {E AT HE AL AN S 4k 5411 67%
Al 57%. ik 180 mMeGEALERITEE Rl ik bk
OE0528 F1 WT B4 KR«

WK 8b 7,180 mM S&fkdn R, ilEeikiEtk
OE0528 A KB AL TFWT, 5 =Ry WT A 2% 2%
S, 55 dify ODrso N WT ) 1.72 £, i RIA
FEPK OE0528 AHXT WT 5 BEilly 57 ik FE b, 2
5110528 111 FREAGH] -1 Fak Rk OE0528 Jdi Wik
AN ISR

] 8c 1, 7 180 mM &bk FHEFREEE 5d [
WA B, WT Fiteiketz A, EER, mid®
IR OE0528 b WT Bia BT 2, BoRIER IR
g0, FERIRAR I A K B 5d 144t Bl (I
8d) A2y 180 mM FALE T, WT 4R A g
R I AR T Rk vk OE0528, #iHTE 180
mM AR WT A RGO EW UG, ik
P 52 Bl KRS, 1 OE0528 [t & RSt HI1E EIFR
BOAT TIEE, WA, SSEIER SRR NG
M, SXAegE RUERT, I RIA#EEE OE0528 [k WT H
T R P A E , R R 5110528 7R
PCC6803 i} 52 ik FE 4 #h e FR AT EE B E A

NH, "V 9 fai B (1) TCATL #5732 Al A R eSS I AR
EEIR, ERE B NI ZER o R R i/
HSLEFEIZEE Amt SN, BRI 1 52 ZCIRZAS R
(81, vk B e b S AL IE A . A P R
FBGE SR 2-FR R R A TSR A A E IR
SR GDH 3 5 o i 28 ki & hii GS A 2 Ik
£ Bl GOGAT HIVEH - (HE 7+ GS-GOGAT {2
BRI R T84, GDH Bk e PCC6803
R BERRAE IE W 21 R B RSS2 sma ), 5 ch
FA{EWIFH GS BERIWiFh GOGAT Y, it 2, 4%
Jf175: PCC6803 H GS i (1)1 H <= (Rl B i N i 4
I, SR BEAEAER, FUR TR R
BRI MRS IE S A K. AR RMERE K
FEAR A RTINS gk, St R e v T
Re ot E KRG ERE JIA G AT &N T 4|

35



MK EmBHL

Modern Food Science and Technology

2018, Vol.34, No.10

YER, RIS R PH BRI s A1
(241, gz b ot S B RV RS S LA R BB R T PS I
AR AW (OEC) rtetntn; HAkdhinsz /15400
T PS 11 f¥ psbA 22 HE PR Sk A 252,

I WT F 5110528 2k i5E#kAsI0528 7E 120 mM
SIS TR TR, WSR3 WT A KAz, 1
Asl0528 JL ALK, ririssR s 5 d Hadii
W, A INASI0528 [ B AT SR R A ™ 52
1, FAAERRIEA s110528 [KIAsI0528 Xif i £k it 5
J%, T WT At FIA Rk OE0528 7F 180 mM G fb sk
SRR, WMEER WT ARKZRB ELR, £k
AT AR &L R —¥F, OE0528 MK
FURFHZ 25, [RIFEHL, A HTEsRE28 5 d 4
RIS, B 180 mM &4ksk N OE0528 Lk WT
(AR 5 2 U2 2R UG P W B =y, HEDN OE0528 [1)
R BUSTRMZ IR EKE R, Ui Rk
Pk OE0528 Lt WT HH[if5Z 180 mM S {4k .

S110528 s 17 PCC6803 PY/> S2P 45 A Fig i
JEERNE R . N s R s e — AN,
R R i b e e S 1 D e AT L3 o R AT 7
VE RIS IAE S5 IR LS, S2P H HBFR %
(RIS P B KAL) o] ATERLARSZ BISP T
HUES . (RIB(E S IFEOE M NI L,  DA4EREL
(USEINY/RTS78:

FIRXT s1l0528 kA EERASIN0528 i Ftk R
OE0528 fr4Eh/Hhia T 7T i, SI0528 25
TR PRI B, T REAS T R SR XY
i RGP BB E ML 5 Sl — 5 1S4y
T WT, OE0528. Asll0528 7F Sk st T ity st 4H.
AR, IR SN0528 4 ik py a1 7K fid
MU R 2 S H i 1 7 e

3 45

ASCIE ) AR PCC6803 FE[A] s110528 it %
I FERR OE0528, FHEL 244 1) s110528 Fidfi I 2K i
PEAsI0528, % LLEFAE Y, Aiff 7t S A8 PCC6803 7E A
e E TR, KINASI0528 Lt WT X4 h
filit SEABURK, OE0528 NI EL WT BB 52 = ik B F1 e 26
1 SI10528 74 AU PCC6803 i M 4% £k rid vh R A%
HEMEH, =57 b rg g, H#Em
SI0528 E#EEiE#E T m IR E T XOEE RSN
TIPS LS. AW AV R M+ S2P
SI0528 X Eh by SAE S HLE], ARkE
IS A 1 i S AL ) AN o R ot e PR 52 1
I FH 26 295 JEAit

36

[1] Liu X, Zhang Y, Han W, et al. Enhanced nitrogen deposition
over China [J]. Nature, 2013, 494(7438): 459-462

[21 zhu Z L, Chen D L. Nitrogen fertilizer use in China -
contributions to food production, impacts on the environment
and best management strategies [J]. Nutrient Cycling in
Agroecosystems, 2002, 63(2-3): 117-127

[3] Prajapati S K, Kaushik P, Malik A et al.'Phycoremediation
coupled production of algal biomass, harvesting-and anaerobic
digestion: Possibilities and' challenges [J]. Biotechnology
Advances, 2013, 31(8): 1408-1425

[4] LiB,LiQ, Xiong.L, et al. Arabidopsis plastid AMOS1/EGY1
integrates abscisic acid signaling to regulate global gene
expression response to ammonium stress_[J]. Plant Physiology,
2012, 160(4): 2040-2051

[5] Savakis P, Hellingwerf /K J. Engineering cyanobacteria for
direct biofuel production from CO, [J]. Current Opinion in
Biotechnology, 2015, 33(33): 8-14

[6] AngermayrS A, Hellingwerf K J, Lindblad P, et al. Energy
biotechnology with cyanobacteria [J]. Current Opinion in
Biotechnology, 2009, 20(3): 257-263

[7].. Chen G, Zhang X. New insights into S2P signaling cascades:
regulation, variation, and conservation [J]. Protein Science,
2010, 19(11): 2015-2030

[8] Raivio T L, Silhavy T J. Periplasmic stress and ECF sigma
factors [J]. Annual Review of microbiology, 2001, 55: 591-624

[9] Zhang X, Chen G, Qin C, et al. SIr0643, an S2P homologue, is
essential for acid acclimation in the cyanobacterium
Synechocystis sp. PCC 6803 [J]. Microbiology, 2012, 158
(Pt_11): 2765-2780

[10] & /INFk, [T 3, R £ 352 PCC6803 Hi S2P [RIYE R 1 HE A
s110862 i 2k SR AR Pl 55 48U JHp e g mied Sz [3]. 4Rl A 40
24,2012,52(5):594-601
ZENG Xiao-lin, WEN Pan-pan, CHEN Gu. Stress response of
synechocystis s110862 mutant to heat shock and oxidative stress
[J]- Modern Food Science and Technology, 2012, 52(5): 594-
601

[11] &, R4 4N 6803 H S2P [FIYFFER 110528 7T 2 Fiifil
1R RFRIKE AT O] DR i RH, 2014,9:44-48
CHEN Gu, WANG Yu-ling. Expression profile of S2P
homologs gene SII0528 in Synechocystis sp. PCC 6803 under
multiple stress conditions [J]. Modern Food Science and
Technology, 2014, 9: 44-48

[12] Lei H, Chen G Wang Y, et al. SIl0528, a site-2-protease, is



MK EmBHL

Modern Food Science and Technology

2018, Vol.34, No.10

(13]

[14]

[15]

[16]

[17]

(18]

critically involved in cold, salt and hyperosmotic stress

acclimation of cyanobacterium synechocystis sp. PCC 6803 [J].

International Journal of Molecular Sciences, 2014, 15(12):
22678-22693

WRas, 240 )X/ 7, 5 SR J#EE PCCE803 ft S2P [
SIr1821 Z- 5 L T 7L [I] A& i RHL,2017,9:20
-27

CHEN Gu, LI Shi-liang, LIU Xiao-fang, et al. Exploration of
the involvement of the S2P protease SIr1821 of Synechocystis
sp. PCC 6803 in heat stress response [J]. Modern Food
Science and Technology, 2017, 9: 20-27

Williams J G K. Construction of specific mutations in
photosystem 1l photosynthetic reaction center by genetic
engineering methods in Synechocystis 6803 [J]. Methods
Enzymol, 1988, 167: 766-778

Huang H, Camsund D, Lindblad P, et al. Design and

characterization of molecular tools for a synthetic biology

approach towards developing cyanobacterial biotechnology [J].

Nucleic Acids Research, 2010, 38(8): 2577-2593

Osanai T, Oikawa A, Azuma M, et al. Genetic engineering of
group 2 o factor SigE widely activates expressions of sugar
catabolic genes in synechocystis species PCC 6803 [J]. Journal
of Biological Chemistry, 2011, 286(35): 30962-30971

Bald D, Kruip J, R&ner M. Supramolecular architecture of
thylakoid How " is./ the

cyanobacterial membranes:

phycobilisome connected with the photosystems.. [J].
Photosynthesis Research, 1996, 49(2): 103-118

Wirén NV, Merrick M. Regulation and function of ammonium
carriers in bacteria, fungi, and. plants [M]. Molecular
Mechanisms Controlling Transmembrane: Transport: Springer

Berlin Heidelberg, 2004

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

Stewart W D, Rowell P. Effects of
L-methionine-DL-sulphoximine on the assimilation of newly
fixed NH3, acetylene reduction and heterocyst production in
Anabaena cylindrica [J]. Biochemical
Research Communications, 1975, 65(3): 846-856

Chavez S, Lucena J M, Reyes J C, et al. The presence of

and Biophysical

glutamate dehydrogenase is a selective advantage for the
cyanobacterium synechocystis sp. strain PCC 6803 under
nonexponential growth conditions [J}: Journal of Bacteriology,
1999, 181(3): 808-813

Florencio F J, Garcia-Dominguez M, Martin-Figueroa E, et al.
Ammonium assimilation in cyanobacteria. The. regulation of
the GS-GOGAT pathway [M]. Garab G, 1998

Reyes J C, Florencio F J. A novel mechanism of glutamine
synthetase inactivation by :ammonium in.the cyanobacterium
Synechocystis sp.” PCC 68083. Involvement of an inactivating
protein [J]. Febs Letters, 1995, 367(1): 45

Markou G, Vandamme D, Muylaert K. Ammonia inhibition on
Arthrospira platensis in relation to the initial biomass density
and pH [J]. Bioresource Technology, 2014, 166: 259-265
Abeliovich A, Azov Y. Toxicity of ammonia to algae in sewage
oxidation ponds [J]. Applied and Environmental Microbiology,
1976, 31(6): 801-806

Drath M, Kloft N, Batschauer A, et al. Ammonia triggers
photodamage of photosystem Il in the cyanobacterium
synechocystis sp. Strain PCC 6803 [J]. Plant Physiology, 2008,
147(1): 206-215

Dai G, Qiu B, Forchhammer K. Ammonium tolerance in the
cyanobacterium Synechocystis sp. strain PCC 6803 and the
role of the psbA multigene family [J]. Plant, Cell &
Environment, 2014, 37(4): 840-851

37



