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Optimization and application of targeted LC-MS
metabolomic analyses in photosynthetic cyanobacteria

Xiangfeng Niu, Xiaoging Zhang, Xinheng Yu, Yingxue Su, Lei Chen, and Weiwen Zhang

Laboratory of Synthetic Microbiology, School of Chemical Engineering and Technology, Tianjin University, Tianjin 300072, China

Abstract:

To accurately analyze metabolites in industry-important photosynthetic microbes, LC-MS based metabolomics

protocol needs to be optimized specifically for individual species. In this study, an LC-MS based metabolomics method was

optimized for cyanobacterium Synechocystis sp. PCC 6803. With the optimized extraction, liquid chromatographic and

mass spectral parameters, the method was capable of detecting 24 important metabolites related to central carbohydrate and

energy metabolism in Synechocystis sp. PCC 6803. The study laid an important foundation for the metabolomics analysis of

cyanobacteria.
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XL R DA R A e B BE X A 0o 2% v B
BRI AT RE BRI, R T ARSI Y R
122,

H A 2 A W52 A LC-MS B9 4347 7 i 1
A0 B R 2B # 4 Synechococcus sp. PCC
7002 A REE A UE T AU AR
R Z2 B AR 6 7K 75 W S A R 9 5 K i
SORAG UERE S AR R B, 1T
Ak LC-MS AR 238 7 vk i 45 A A0 B8,
AT IR . A2, I 3 g DL
TSRS o, R A R AE R S 3R
SERACEH AL B R, A IRAG AR
A AT AL B R R Y IR 22 RS T R 25 Y
60%—80%" . FIH B IR AL, oA
TR TE T 3R 58 45 Qn ' B8 iR B ) A8 Al it 25 & B
AL OB ) et Al S i O SR R o2k = A Ok
FEORE w . H AT E XA Al e
LC-MS U T kAL, XIrikm Rtk
A8 A L F 3¢k

AW LG G 5 A A B & Synechocystis
sp. PCC 6803 Sy x4, f HAR I 2 A i 1) il 4%
FEETF LC-MS MRS Ak i 1T T R 40
ek, E T BE SIS FH TR A I AN 1Y
R AR FE
1 MRE57 %
1.1 #i#d
1.1.1 B

ASZ 56 F A4 TR Bk A Synechocystis sp. PCC
6803,

1.1.2 &H|
HPLC HEZ5/K, (OiER MR, =T, &

MUK 24 R ds i (8 1) MW HE Sigma
YNEIS
1.1.3  FEUIF

= DU 9T R BT B BT 3 L (Agilent
6410, EHE), HFEAYRE.OHL (Eppendorf
5430R, fl[E), #AKEVKFE (ThermoForma 700
series, FE[E) ., LA WA (S HEE
UvV-1750, HA).
1.1.4 ¥

}5 3% Synechocystis sp. PCC6803 JIT H 4% 55 it
4 pH 7.5 1) BG—11 {5325k, M/ fads: 1.5g/L
NaNO;, 0.04 g/L K3HPO4,3H,0, 0.075 g/L
MgSO,7H,0, 0.006 g/L #F#& 2 (Citric acid
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CaCl,2H,0, 0.001 g/L EDTA, 0.02 g/L NaCOs,
2.86 mg/L H;BO;, 1.81 mg/L MnCl,-4H,0,
0222 mg/L ZnSO47H,O , 0.390
NaMoO,-5H,0 , 0.079 mg/L CuSO,5H,0 ,
0.049 4 mg/L Co(NOs),-6H,0, 3 FFihm¥s pH
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1.15 3EFREMH

Synechocystis sp. PCC 6803 72354 50 mL
BG—11 WA 37 310 250 mL =M hE 35 %
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photons/(m*-s), %3 130 r/min, #5578
30 cc [26*28]O

mg/L

12 FH&k
1.2.1 HESHIETE

WOWE 4 TR B SR AR O R E R IR B O
(8 000%xg) 8 min, 7+ &5 32 BIILA 900 pL 80%
(VIV) WKW (-80 “C) JFEMRA P A
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Fig. 1  Compound-specific collisional mass spectrometric parameters of 24 selective metabolites and their
distribution in the central carbohydrate metabolism pathway (Metabolites selected in the study marked in bold). The
metabolic pathway is depicted according to references'' > ' Fragmentation voltages at which the maximal parent ion
intensity are observed. * Collision cell voltages at which the maximal product ion intensity are observed.
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REL 3 . MIREE IR W E D (-4 °C,
15 000%g) 5 min, Wbk EFBOFETIEY B ANA
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HOM 10 pl; BAEHEHR 4 000 Vi #HA A
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2) WHEMIEAk: 7ELL RPN 2 Y S A
b, DL 24 FibRAEAL A SO BRSNS, ARSI L
BT 3 MNmE R EIC B, WS N
0.15 mL/min, 0.20 mL/min fl 0.3 mL/min (/&
3A-C). Y4 A 0.15 mL/min i}, L&)
AIVE ARG E, HBR T GLU 4h, HAbfb 5915
TE 13 min J5 A4 H W%, 3 H 27 min LU RS 7 Mk
G B, KT S R Y DA
1R AR 7 B RCR (B 3A). T2 v i i 3

<10° NaDH PP ATP
T PEP NADPH
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0 0 ADP-GCS \
Q 3PG .\ NADP
8 35 3 20f NAD /
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13 90 1.0f \, v Y DHA
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0 0 ' 3pG WNADH — NADPH|/
8 35 O || NADP N\
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510 0 e W
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2 SHhEEEEREEIRERAELE (TTL. TT2. TT3 %504 18 min. 31 min. 51 min 893ER A E. MPB

A EtE B (BE2): R EWEES I Abbreviations; EIC: EEEFRE)

Fig. 2 Comparison of three timetables. TT1, TT2, TT3 represent timetable 1 (18 min), timetable 2 (31 min) and
timetable 3 (51 min), respectively; MPB is mobile phase B (methanol). Abbreviations of all metabolites are provided
below. EIC: elect ion current.

http://journals.im.ac.cn/cjben



AR F/REREKBONEAST ZNAREEEAES TP 583

x103
0.15 mL/min AcCOA
ADP-ol NADPH /
L UDP-glucose l_g ueose \
2.0 : F6P AMP \ PEP
o GLU G6P
= \
1.0}
ol &
1 5 10 15 20 25 30
B Counts vs. acquisistion time (min)
x10°
; NADPH
0.20 mL/min ADP-glucose AcCOA
UDP-glucose ATP
2.0 F61§ AMP\ N\ CO/Q:
G6P
NAD
) GLU DH | NADP
=10 j R5P
PG
Ap[PHAP | pyiv (1A PXA
0
1 5 10 15 20 25 30
C Counts vs. acquisistion time (min)
x10° '
0.30 mL/min AcCOA
2.0 UDP-glucose ADP-glucose /
AMP l J PEP NADPH
o G6P pep \{ "InkD K/,NADH \\\
= ATP
1.0
0OX

Counts vs. acquisistion time (min)

3 AERREAI LR (FREIRIE T3KEH EIC B (& B FRE): (A) 0.15 mL/mins (B) 0.20 mL/min.
(C) 0.30 mL/min. EHEMEZHEYRFELES. ZFEWHISES I Abbreviations)

Fig. 3 Comparison of three different flow rates. EIC (Elect ion current) obtained under different flow rates: (A)
0.15 mL/min. (B) 0.20 mL/min. (C) 0.30 mL/min. Flow rates and metabolites identified are shown inside the figures.
Abbreviations of all metabolites are provided below.
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(1) 24 Fi 5 v B A QR BE A DC Ak &
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UEHI 80% (VIV)  H /7K 1 A 2 G $2 B 31
ARG BRI 2 . 100% HY B4 6 03] 42 B i
Rz, BRBEMAEY & EER.
Kk, 80% (VIV) HES/ /K WAE R ZE U GE 8
B AT R 45 5 o FF Sl AL 2R S5 R 1 AR A 25 R
Wk 1.
2.3 FEMAEMME S AN
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PR EE SRR, B U B 1 7 24 B b
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SR RAR G 5T LORS B X 5 5 A 2L i A
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PR (P EORE A, AWF5E LI — 4 4R
Vs A, ARSI 2 A A A E e 1
W (e i TR B RO B BSF R PR TR A T 3 A, AT LA
A A A B £ i 0 1 e TR 9 A S R AUHE
7.08%%] 46.02% 2 [0] (3% 3), 45 U8
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F1 HRACEEFEMNREER

Table 1 Optimazition results of sample quenching
and extraction

Normalized Normalized Normalized

all\aﬁtea\lfjizltlitoen MRMarea MRMarea MRM area
(M1) (M2) (M3)
AcCOA + T "
NADPH - i N
NADP + o N
NADH + o N
NAD - _ N
ADP-GCS = _ +
UDP-glucose 4 + .
ATP — +
ADP _ B .
COA + o N
AMP N
FBP — 4 +
RiBP _ B .
G6P + o N
F6P _ B .
R5P i _ .
3PG + o N
DHAP - T N
GAP - _ N
PEP i . .
GLU - _ N
AKG + o N
OXA + o N
FUM + o N

“+” represents detected metabolites; “—”
nondetected metabolites.

represents
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F 2 LC-MS Kifi4H 5 Hranta E 1418

Table 2 Stability tests of LC-MS analysis

Retention time (min) Normalized MRM area
Metabolite Vi Standard ~ Coefficient of Ve Standard Coefficient of
deviation variation (%) deviation variation (%)

AcCOA 28.25 0.04 0.14 1 119.00 53.03 4.74
NADPH 27.55 0.06 0.22 8 974.50 226.98 2.53
NADP 21.19 0.14 0.67 1 029.45 13.79 1.34
NADH 20.78 0.13 0.65 10 977.90 2 076.63 18.92
NAD 13.53 0.06 0.44 5130.30 39.60 0.77
ADP-GCS 19.07 0.11 0.56 54 253.95 1 054.37 1.94
UDP-glucose 17.82 0.09 0.53 3296.35 22.27 0.68
ATP 27.36 0.01 0.05 112.85 14.35 12.72
ADP 21.10 0.23 1.11 20 679.10 864.79 4.18
COA 28.12 0.05 0.17 1 610.90 122.90 7.63
AMP 16.14 0.12 0.74 5240.20 10.32 0.20
FBP 21.50 0.07 0.31 129.55 0.78 0.60
RiBP 22.70 0.23 1.00 18 991.65 3 506.75 18.46
G6P 11.04 0.03 0.30 415.20 20.08 4.84
F6P 11.63 0.02 0.17 140.75 10.25 7.28
R5P 11.52 0.05 0.41 5100.15 825.12 16.18
3PG 19.34 0.19 0.97 6 086.40 470.65 7.73
DHAP 14.26 0.05 0.37 4 696.30 45.82 0.98
GAP 12.14 0.03 0.27 10 649.95 1 559.38 14.64
PEP 21.08 0.11 0.51 12 486.50 1130.38 9.05
GLU 2.19 0.01 0.61 10 481.75 1311.33 12.51
AKG 18.53 0.15 0.83 23 939.25 3214.44 13.43
OXA 17.74 0.07 0.41 57.40 1.56 2.71
FUM 18.65 0.13 0.68 1 438.05 0.35 0.02
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*3 HEYHEMNESMHRE
Table 3 Reproducibility test of biological triplicates samples
Normalized MRM area

Metabolite WT-1 WT-2 WT-3 Mean Standard deviation Coe.fﬁ.cient of
variation (%)
AcCOA 0.90 1.74 1.64 1.42 0.46 32.27
NADPH 1.48 2.43 1.31 1.74 0.61 34.81
NADP 6.37 10.99 9.25 8.87 2.33 26.30
NADH 2.20 1.35 1.91 1.82 0.43 23.75
NAD 34.10 36.86 31.79 34.25 2.54 7.40
ADP-GCS 1.74 2.51 2.81 2.36 0.55 23.45
UDP-glucose 38.44 55.40 55.05 49.63 9.69 19.53
ATP 3.37 4.62 5.60 4.53 0.61 13.46
ADP 3.45 3.38 5.62 4.15 1.27 30.62
COA 8.98 12.31 13.22 11.50 2.24 19.44
AMP 31.16 24.93 53.33 36.47 14.93 40.93
FBP 4.86 5.02 4.04 4.64 0.53 11.39
RiBP 100.88 84.23 72.46 85.86 14.28 16.63
Go6P 7.22 11.04 8.03 8.76 2.02 23.00
F6P 5.14 7.60 3.16 5.30 2.23 41.97
R5P 1.20 2.48 1.57 1.75 0.66 37.77
3PG 140.24 200.60  173.78 171.54 30.24 17.63
DHAP 31.19 28.02 32.13 30.44 2.15 7.08
GAP 14.00 16.81 12.86 14.56 2.03 13.96
PEP 126.80 99.36  126.45 117.53 15.74 13.39
GLU 35.31 57.82 59.75 50.96 13.59 26.66
AKG 1952.80 1729.26 694.44 1 458.83 671.35 46.02
OXA 61.17 70.12 60.16 63.82 5.48 8.58
FUM 522.50 437.83  400.07 453.47 62.70 13.83

WT-1, WT-2 and WT-3 represent different biological replicates, respectively.

N TR AR TSR B, Y LRPESLA ZR B0 R 43014 0.985 5 F10.999 7 (I&]
6 B — A A R AT P A I X A 0 3 ) A8 4A 1 4B), XULMIHARELE BN EHH
Wb I\ 01 WA ) e T AU (4 B IS 1) 4 T 3 0 W e T RURD O B I TR AH 22 ), AR AR,
Fr R SR BN A WT-1-a Hl WT-1-b TEVE R
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Fig. 4 Reproducibility test of LC-MS analysis. Each spot represents one metabolite. WT-1-a and WT-1-b are two

technical replicates, respectively.
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Abbreviations

3PG: D-(-)-3-Phosphoglyceric acid; AcCOA: Acetyl
coenzyme A; ADP: Adenosine 5’- diphosphate;
ADP-GCS: Adenosine-5’- diphosphoglucose; AKG:
a-Ketoglutaric acid; AMP:
5’-monophosphate; ATP: Adenosine 5’-triphosphate;
COA: Coenzyme A DHAP:
Dihydroxyacetone phosphate; FBP: D-Fructose
1,6-bisphosphate; F6P: D-Fructose 6-phosphate;
FUM: Sodium fumarate dibasic; G6P: D-Glucose
6-phosphate; GAP: DL-Glyceraldehyde 3-phosphate;
GLU: L-Glutamic acid; NAD: a-Nicotinamide

Adenosine

hydrate;

adenine dinucleotide; NADH: Reduced
o-Nicotinamide adenine dinucleotide; NADP:
Nicotinamide adenine dinucleotide phosphate;
NADPH: Reduced nicotinamide adenine

dinucleotide phosphate; OXA: Oxaloacetic acid;
PEP: Phospho (enol) pyruvic acid; R5P: D-Ribose
S-phosphate; RiBP: D-Ribulosel,5-bisphosphate;
UDP-GCS: Uridine 5’-diphosphoglucose.
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