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Phosphoproteomic investigation of Clostridium acetobutylicum
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Abstract: Protein phosphorylation in bacteria is important for signaling and metabolic activity. Clostridium acetobutyicum can
synthesize high yield of organic solvent under acidic condition. How solventogenesis is regulated at molecular level in this
bacterium, is not clearly elucidated yet. We used two dimensional electrophoresis (2-DE) and mass spectrometry to have a
differential analysis of the bacterial proteins from Clostridium acetobutylicum at acedogenic and solventogenic stage. We focused
on these iso-spots with similar molecular mass and different pI values. Totally, eight string spots were identified, which displayed
significant changes of pl values as well as spot volumes in response to solventogenic development. The data acquired from mass
spectrometry demonstrated that all of the iso-spots contained the phosphrylated peptides. Bioinformatic analysis revealed that
these proteins partake in the pathways of solvent synthesis.
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Fig. 1
The pH value change curve.

A
O
IS
s —| Acetic acid
40 000 L l Acetone
30000 F
3 ool
= 20000 - Q a
[ q o n
10000 f sgﬁ g 8 2
of =)l &%
0 10 20 30 40

2 AERTERERESMNSRRERES T

PRI S TTGE r FURE T 2 {5 0.5 Da il
0.5 Da, BeREALMBEAE1E N BB 40, H B 2 i S L Al
2R/ R . IR AL s R PR B RR AL A Dy m] AL 1 i
JIT AT 15 2R 0 ) WA TR A JOK BRI 2 T L s i e ] 1
ST AFAE LR R BLG B

2 #X

2.1 FEGEAFNEB AT E
WK1 KB 2 i, 7ERSE 7~10h 5, A0 5

FiHEH OD HZH 0.5, pH 28 5.2~5.7 ZJa], 4i
WA EE DL SR =, IR Bl g
s MEi5% 16~18 h 5, ODfH LF+Z 0.6 LI L,
pH FREE] 4.5 LIN, Y LA ER A LA RN 3,
B B A SE Ry A HLIE A
B

75 r

7.0 r

6.5\

6.0

pH value

551

50

45 r

4.0

0 5 10 15 20 25 30
t(h)

The changes of optical intensity and pH values of medium during the cultivation. (A) The optical intensity change curve. (B)

B
[ Acetic acid  Acetone
40000 | l
30000 F
=) F Q
- "
2 20000 . & -
L — o
g 33 cw S
10 000 " B Ny
F ~ b \n
s W_= KN /\ﬁ
0 : i .
0 10 20 30 40

¢ (min)

Fig. 2 HPLC profiles of the metabolic products of C. acetobutylicum. (A) The solvent production in acidogenesis of C.
acetobutylicum. (B) The solvent production in solventogenesis of C. acetobutylicum. Acetic acid and acetone are marked as reporters

of different growth stages.
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Fig. 3 2-DE gel image of Clostrdium actobutylicum. (A) The gel image of proteins from Clostrdium actobutylicum in acidogenesis.

(B) The gel image of Clostrdium actobutylicum in solventogenesis.
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Fig. 4 Comparison of string spots in 2-DE images of C.
acetobutylicum. Upper panel: the string spots of acidogenesis;
lower panel: the string spots of solventogenesis.
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Fig. 5 The mass spectrum of phosphorylated protein Phosphomannomutase. (A) The MS spectrum of peptides eluted at 39.29 min,
including the phosphorylated one (highlighted with circle). (B) The MS/MS spectrum of precursor ion 644.31. The sequence of this
precursor is AGIVIpTASHNPK, and there is neutral loss of 49.0 between fragment ion of 644.31 and 595.31(highlighted with circle).
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Table 1 Proteins identified from the string spots and the phosphorylated peptides identified by mass spectrometry
Number of protein Protein name Expression status in solventogenesis Phosphopeptides
1 Molecular chaperone 1 RQpSITNPDK
DnaK NpTTIPTRK
2 Chaperonin GroEL 1 VEDLGSAEpSVKISK
IpSERYILNEpYILNEK
3 Phosphomannomutase 1 AGIVIpTASHNPK
Fructose
4 1,6-bisphosphatase II 1 IESDKpSYpTVEK
5 Predlf:ted membrane 1 GDpTATALSK
protein
. TVGpSGVVpTSIIE;
6 Elongation factor Tu NMIpTGAAQMDGAILVVSAADGPMPQTR
7 Pyruvate kinase N TKMIFpTVGPASETEEIVTAFIK
3 Oligopeptide ABC N pSEKPKpSTK
transporter

1 stands for up regulation; | stands for down regulation; N stands for no obvious changes; p stands for phosphorylated site.
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