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1 #RERZE

1.1 EMRAEFREH

R ERFE(Synechococcus elongatus)PCC 7942, H
W E R R S A REIR AT B S g S = SRt
BF A R 558 BRI TE30°C . 30 pE/(m’+s) 46 I
T FBG T H i B SO % 78 30 55 77 (7% 3 2990 r/min),
DA Folr A8 288 B 0.4 mol/L NaClo 38 i il 5& 5%
FRMITET30 nmt] 625 FE (OD-5.0) 0 W 75 21 Jfa 114 2
Ko KL REINPATE IR MRS R
1.2 REE%EN KM (PCR)

PCR % M AR 20 pL, H #4710 mmol/L
Tris-HCI(pH 8.3), 50 mmol/L (NH,),SOy,, 2.5 mmol/
L MgCl,, 50 umol/L dNTPs, 5] #1100 pmol(5]4
51 L3 1), DNARR S0 ng, 1U Tag DNAK & i
(TaKaRa). Jx M52 id94C A 6min, 2 5N
30MEFR(94°C 30s, 58°C 30s, 72°C 2min), #i¢ )i 7E
72°C F [ ¥ Tmins
1.3 RPN

i 2 B A R AR R BV, 7E4000 r/min &g
O 3mintfi 8 S5 BB T TS IR, HEEOD,;5, 24
[ KF, FEHUV-1601% X% E 1H(Shimadzu) 7E
400—800 nmf K3t [l P 3 5l s RO 1 . 4l
FIBG11 A% 110.4 mol/L NaClffiBG1 11 77 F1F %
P 0T R, B 2 0L ) = 35 6 T 5 1 S 3
14 BIKEPCC 7942 2 fEHYHI&

HRYE SCHR[ 71T I 7 1) 4% SR ERFEPCC 794211
M. BSOSO mLEER, BT 1 mLIf iR 4
22 (20 mmol/L, pH 7.8). FIINE B EHA AN
0.17 mmZc A5 () B3 Bk (Sigma), 75 e IR 7 #e Ik 1%
Imin, 285 B T UK F1min, EE P ESK. KJakE
4000 r/min. 6000 r/min &> 10min, Y i, F LA
35000 r/min i &5 U R, B8 T2 mL 10 mmol/
L NaHCO;(pH 7.0)¥ i -

1.5 XEME. FIRFEFIRERNE

@Gao*ﬂXu%fﬁE‘]ﬁ&m, HAREREI R &0

#1 KHRBFABINSY

Tab. 1 Primers used in this study

1) 42, TR i@
%]P?ijn?ef/ ¥ %1Sequence (5—3") Uﬂjﬁe

0233-0253-F'  CTCTCGCCAAGAAGTTTT  #4liSynpcc
TGGGCA 0233—0253

0233-0253-R" TGGGAACTCTGGAAACA T
GGCCT

0233-0253-2 ATCGACTAACTCCATCTC
TCCTAGG

2169-2187-F'  GGTGGCTTGCGGTTCTAT  #&illSynpcc
GATCG 2169—2187

2169-2187-R"  ACAGGCCGAAGGTGCAA ey
CTCTAG

2169-2187-2  GCCCAGGCTAAATCGAC
TGTTGCG

WSCEE2 mLEAN A (A4750=0.5), & T 10 mmol/L
NaHCO; %25 mmol/L HEPES(pH 7.0), 5G1E B 4%
4 F Oxy-Lab% Hi M (Hansatech)7£30°C 254 T Il
SE T 240 PR 1) W R RE SRS 2, R o U N T Ay
Smin/e £7; $TIF 6, Y6800 wmol/(m’-s), I & %
1 L P TS S

1| FH = 440 it 00 52 P ST ERL 4% 326 % (1 9% 1, 7240
J BV N T mmol/L K;Fe(CN)g£10.5 umol/L
DCBQ(2,6-dichloro-p-benzoquinone), Jll 72 il %
., FI R 52 PSTHL T A% B 4 7514, 762 mL s
B NN 10 umol/L DCMU[3-(3,4-di-
chlorophenyl)-1, I-dimethyl urea], I mmol/L HT3k 1L
FR%N, 1 mmol/L MV (methyl viologen) 1l pmol/L
DCPIP(2,6-dichlorophenol-indophenol), M 5& ¥£ 4
HE,

A TR T 2 /W I FE S %6 [umol O,/(mg
Chl.a)-h]=(FFx60000)/(13.34x4444). I\,
13.34x Ao, NI S K atr B, IS 310 R SR U
7664 nmAk (16 AE

2 £R

2.1 R HRAVRMIEIE

ASynpcc7942 0233-0253F1ASynpcc7942 2169-
2187 FE N JE 2 75 X Synpec7942 0233-
0253(18 kb)A1Synpcc7942 2169-2187(14 kb)F3 il 4
JHHI I P SR BRIBEPCC 7942 2845 bk (Fik [X 21 2 Gl i A
T Ab i FEKs 53 SR 3R) o ER T 7 R DA 20 A At e
TEAEZ$ UL, AR I PCRAG M A A S8 AR Bk vh 2 15
5% B &6 4y By A2 . W 1 TR, 5195540233
0253-F'/R'{E K 40 H #1#20.0 kb, 2169-2187-
F//R'AH#16.2 kb, Y47 T M 5k X 45 2 41, T50233-

Synpcc7942 0233 Synpcc7942 0253

I I
ME}DGGCICDGGCK:IDDDDDDOG@;

>+ 0233-0253-2 ’
0233-0253-F' 0233-0253-R

FE K40 [X 3 Synpec7942_0233-0253
Synpcc7942_2169 Synpcc7942 2187

g]I!CIIXIDDDCICIDGCICI KXODDAES

2169-2187-2 2169-2187-R’
2169-2187-F'
FEHI4H [X 3 Synpec7942_2169-2187

BI1 PN RAZ AN 51 08 S R 4 b 5 B 7 e
Fig. 1 Schematic diagrams showing genomic positions of the
primers for detection of deletions
FEIX2ANEE R 4 X 38, Synpec7942_ 024275 yNa'/Ca® 22 1
AB R ED, Synpec7942 2186l JyNa /H A8 iz 5 (9 HE ]
In these two genomic regions, Synpcc7942 0242 is predicted to be
aNa'/Ca’ exchanger gene, while Synpcc7942 2186 is a Na'/H'
exchanger gene
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0253-2F12169-2187-247 T M Bk X 385 N o X By A= 7Y
FFARRRAEAT R, &5 a0l 2B~ LA5140233-
0253-F//R'8{2169-2187- F'/R'iFEATPCRIG N, FEAFHk
AT 22,1 kbR, DA CMIBR % X d. DA
3 PCRAS W FH A Be A Wl H BB A= 24920 2%16.2 kb
265, BT LERATTIE H 51 470233-0253-F'/2/112169-
2187- F'/234TPCR, Wiy 4 i 118035 1.2 kbIf1 %%
7, DU UE B A7 LR B AR R DL, (ER 9 3 45 S UE B 9
W B A RS DL, Ul B S AR AR S SE A A
22 EHWETEKHER

EL 5 9 A8 Bk ASynpec79420233-0253. ASyn-
pcc7942_2169-2187 58 AE RUFEAF 464 F I A K,
RIAEBGH A 03 22 s CE U INE (B 3A),
{HYEBG11+0.4 mol/L NaClH, ZRAFE H2E KA X T
iy 2R A P ) T (K 3B).

TEOFIO6 A A B[] pei 471 F1 98 4 L R AL e i, s
FHRE SR TET30 nm Ak 1 B — B ok A A
#), 25 R IR AEOR SRR 5 B A= R 22 R/ IN(E 4A),
MAEER M IE96h 5, FATRK ) 2R 2R (4401680 nm).
2 (630 nm). KiEHE DK (480—490 nm/H
g YR WA Ui 357 B RIS T B A= Y (6 4B)

23 NEBRTHEBRMTERGESER DT

5] et 2 o N ) SER S EREVY 7 ke R B E2 4 1)
SO, 4 Bk IR AR RN SRR B AT R B A,
{H2ANRAF PR R B3 SR, 96h )5 23 ) A& BF AR A i
41%H151%(E 5).

[ s 3000 e R A0 ok 5 A TR G IR R S R, R LA
24h N IR RE SR A B B v, S AR TP BRI,
T SR AFKRAE 48D PR, ZE96hili4ERi 4 /K (1 6).

M 1 2 3 4 M 5 6 7 8
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B2 PN RASHR ITPCRAS I 45 2R
Fig. 2 PCR examination of 2 mutants

1F12. 51490233-0253-F'/R"; 3F14. 5]4)0233-0253-F'/2; 113, 5
ARk ASynpcc7942 0233-0253; 2814, BF A A (wt) ; 5A16. 54
2169-2187-F//R’; 7THI8. 514J2169-2187-F'/2; 5HI7. FRA Ik
ASynpcc7942 2169-2187; 6F18. HF A7 M. DNAkRIL

1, 2. primers 0233-0253-F'/R’; 3, 4. primers 0233-0253-F'/2; 1, 3.
ASynpcc7942 0233-0253; 2, 4. wild type (wt); 5, 6. primers 2169-
2187-F'/R'; 7, 8. primers 2169-2187-F'/2; 5, 7. ASynpcc7942_
2169-2187; 6, 8. wild type; M. DNA markers

ik — 30 R 5 3B 0 S A T PR R s e, AT
FIE T HRGPS) Ao AL E R, (F
th it ooh s, B A4 AUPS T HL 4% 5 [ 97 3 R %
7 52%, T ASynpcc7942 0233-0253F1ASynpec7942
2169-218743 5l T % T 77%F182%( 7); B A #Y
PS [ HLFAEIRHE A R & 1 32%, M ASynpec7942 0233-
0253 F1ASynpcc7942 2169-218743 51 K & 1 50%F1
47%(H 8).
3 iTig

REREPCC 7942°H B R B U RL S =i B
o b i P, IR A b R R R Ak
DREFCH RGNS E . B IE i TR X8
T J JE DRI 20 4 T DUE st A% 15 s sk, 48 7HA
FSCA ) 2 B AR () R SO P AT s ) . AR SR
PR B Bk b 7 X OT Fe RGEMI R, FEEA iR
& DR AN Eh B aE A S A TR A A R AR R IE L RE )
(AR Ak, B2 5 DX P A I 5 50 6 Ptk i 77 1)
FEAG

Eh e 2 e UL AR AR Y e 2 —, it BT
ol 53 P s A AR AR AT A R T

A6 o wt O ASynpec7942 0233-0253
5 —A— /\Synpcc7942 2169-2187
4 L

2 3¢

<
2+
1
0

0 1 2 3 4 5 6 7 8 9 10
I} 8] Time (d)

Bil6 1 —o— wt O  ASynpec7942 0233-0253
14 | —A— ASynpcc7942_2169-2187

0 1 2 3 4 5 6 7 8 9 10
I i) Time (d)
Pl 3 ER B X SEIREPCC 7942 RASHR A= KM 2 R
Fig. 3 Effects of salt stress on the growth of Synechococcus

elongatus PCC 7942 and mutants
A.BGl11; B. BG11 supplemented with 0.4 mol/L NaCl
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A, a2 1IN g B i A (ROS) B S
TE ER W38 R G A = AR A ROSHM 1) 5 ¢ R Ty 1,
D1 B ML HADE RGO E AN E R, 2
WEIR K FE AR 25 4, e & fE sz P ek
PCC 79424k F# A i€ A2 KRBT 32 NaC ) it ik 2 24
290.4 mol/L"™, T 7E Ik i FINaCl#l R, Synpece
7942 0233-0253F1Synpec7942 2169-2187X MK

wt ————— /\Synpcc7942_0233-0253

----------------- /A\Synpec7942_2169-2187

0 1 1 1 1 1 1 1 1 1 ]
400 440 480 520 560 600 640 680 720 760 800
% K- Wavelength (nm)
B o8 . wt ————— ASynpec7942 0233-0253
................. /A\Synpcc7942 2169-2187
0.7
g
_§ 0.6
2 :
2 0.5 |7
B ool
§ .
= 03t
0‘2 1 1 1 1 1 1 1 1 1 )

400 440 480 520 560 600 640 680 720 760 800
% K- Wavelength (nm)

Kl 4 EEREEPCC 7942 K AL LL0.4 mol/L NaCIAL 0 (A)FI
96h (B) HI A4 AL 13 #i R O

Fig. 4 The whole cell scanning absorption spectra of Synechococcus
elongatus PCC 7942 and mutants at 0 (A) and 96h (B) after
exposure to 0.4 mol/L NaCl
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5 RERBEPCC 7942 K RAMRAEUNO0.4 mol/L NaClH]
BG1IFREHOLA M E R

Fig. 5 Oxygen evolution rates of Synechococcus elongatus PCC
7942 and mutants in BG11 supplemented with 0.4 mol/L NaCl
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Fig. 6 Respiratory rates of Synechococcus elongatus PCC 7942
and mutants in BG11 supplemented with 0.4 mol/L NaCl
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400

300 |

200
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Rate of PSII electron transfer reaction
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b} [] Time (h)
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BG 11377 B PS I H 14188 J o

Fig. 7 Rates of PSII electron transfer reactions of Synechococcus
elongatus PCC 7942 and mutants in BG11 supplemented with 0.4
mol/L NaCl
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Rate of PSI electron transfer reaction
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It} (] Time (h)

Kl 8 JRERWPCC 7942 K RARLEA 0.4 mol/L NaClff)
BG 1155775t PSTHL T4 5 S R 5

Fig. 8 Rates of PSI electron transfer reactions of Synechococcus
elongatus PCC 7942 and mutants in BG11 supplemented with 0.4
mol/L NaCl
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PHYSIOLOGICAL EFFECTS OF SALT STRESS ON LARGE-FRAGMENT
DELETION MUTANTS OF SYNECHOCOCCUS ELONGATUS PCC 7942

XU Yi"? and XU Xu-Dong'

(1. Institute of Hydrobiology, Chinese Academy of Sciences, Wuhan 430072, China; 2. University of
Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Cyanobacteria are oxygen-evolving photosynthetic prokaryotes that synthesize organic substances from CO,
and other inorganic nutrients. As a unicellular cyanobacterium, Synechococcus elongatus PCC 7942 can be cultured in
large scale photobioreactors and easily genetically manipulated. Through systematic deletions of non-essential genes or
regions, the genome of this cyanobacterium can be trimmed into a more suitable chassis for synthetic biological studies.
The non-essential genes usually include those involved in responses to environmental changes or stresses. Even so, dur-
ing the process of genome simplification, physiological effects of large fragment deletions should be monitored at each
step. ASynpcc7942 0233-0253 and ASynpcc7942 2169-2187 are two mutants of S. elongatus with an 18 kb or a 14 kb
deletion of non-essential genome region, named as Synpcc7942 0233-0253 and Synpcc7942 2169-2187, respectively.
PCR examinations indicated that these mutants were completely segregated (no wild type genome copy was found).
Comparisons of the two mutants and the wild type under different stressful conditions demonstrated that addition of 0.4
mol/L NaCl significantly inhibited the growth of the two mutants; under normal conditions, however, these 2 mutants
showed no or very slight difference from the wild type.Under the salt stress condition, the photosynthetic activities of
ASynpcc7942 0233-0253 and ASynpcc7942 2169-2187 decreased to 41% and 51% of wild type at 96h, respectively;
in contrast, the two mutants showed increased respiratory activities. The salt stress reduced electron transfer reactions
(ETR) of photosystems (PS) II in the wild type by 52%, in ASynpcc7942 0233-0253 by 77% and in
ASynpcc7942 2169-2187 by 82%. At the same time, the ETR of PS I decreased by 32% in the wild type, by 50% and
47% in the two mutants, respectively. We reported two examples of large genomic fragment deletion mutants with
greatly reduced stress tolerance, and the findings provided necessary information for the design of chassis genome of
the cyanobacterium and the control of conditions for industrialization in the future.

Key words: Synechococcus PCC 7942; Large genomic fragment deletion mutant; Salt stress; Photosynthesis
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