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Proteome analysis  

of ToxinA treated Caco-2 cells 

• Quantitative MS-analyses 
• stable isotope labeling 

  (SILAC) 

 

• Verification 
• lable free MRM analysis 

• Western blot analysis 

 

• Data mining 
• GO annotations, DAVID  

• interaction analysis STRING 

 

 

    

• Objectives 

 

• new aspects of CGT 

• effects of inactive gdTcdA mutant  



Quantitative MS based on stable isotopes 

combination 

Sample A 

Sample B 

MS analysis 

quantification 

SILAC, Ong et al. 2002 
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• protein labeling with heavy and light amino acids  

•12C/13C              arginine, lysine  



Workflow toxin treatment and SILAC 

Cultivation in SILAC medium 
Lys0, Arg0      Lys4, Arg4      Lys8, Arg10  

  Treatment with toxin 

           control     TcdA          gdTcdA 

Digestion 

LC-MS 

Data  analysis 

Mix 1:1:1 

control 

TcdA 

gdTcdA 



MS peptides 
Chromatography 
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LC-MS data analysis 



Number of identified proteins 

Identified proteins Quantified proteins 

5111   874 

Regulated proteins 

6643 

• Identification  

• triplicate analysis 

• two peptides/protein 

• false discovery rate < 0.01 

• Quantification 

• triplicate analysis 

• two peptides/protein L/M/H 

• Regulation 

• p-value < 0.05 

• threshold >1.5 

 



Protein label free isotope label 

Fibronectin 0.52 0,58 

Cingulin 0,39 0,48 

Ornithine-

Aminotransferase 

1,66 1,88 

GTPase KRas 2,38 1,72 

RhoA 0,41 0,42 

GTP-binding 

protein SAR1A 

0,54 0,59 

Verification by Western blot and label-free MRM analysis 



TcdA vs gdTcdA effects (24 h) 
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(+) TcdA effects 

874 Proteins with different abundance 
 (p<0.05; threshold regulation factor 1.4) 
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Mitochondrial 

ribosome 

Glycolysis 

Complex I 

Mitochondrion 

Signal transduction 
Cell cycle 

Ribosome 

TcdA-responsive proteins 



GTPases 
Tight junction 
ZO-1/2/3; cingulin 

Cell adhesion 
Fibronectin, lamin 

Oxidative stress 
Catalase, SOD, GST 

TcdA 

Lipid metabolism 
ApoA1/A2, LDLR, CAT1 

Cytoskeleton 
Filamin, MLCK,… 

TcdA-responsive proteins 



triplex SILAC LC-MS 

Toxin A 

gdToxin A 

control 

light 

medium 

heavy 

m/z 

glucosylated 

not-glucosylated 

Hexose 

Toxin A 

gdToxin A 

control 

MS/MS analysis 

In vivo detection of glucosylation 



MS/MS analysis 

In vivo detection of glucosylation 



N- -C 

89% 
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In vivo quantification of glucosylation 



In vivo glucosylation of small GTPases 
 

 

GTPAse 

TcdA C. difficile TcdB C. difficile Lethal Toxin C. sordellii 

known MS known MS known MS 

RhoA + 84 % + 91 % - - 

RhoB + >99 % + >99 % - - 

RhoC + 90 % + 93 % - - 

Rac1 + - + - + - 

RhoG + 92 % + 87 % + 94 % 

Cdc42 + - + - + - 

Rap1 - 97 % - 94 % + 91 % 

Rap2 + 93 % - 96 % + 95 % 

Ras - 72 % - 84 % + 88 % 

RalA/B - 27 % - 43 % + - 



Conclusion 

• 874 TcdA-responsive proteins identified 

•Expected: cytoskeleton, adhesion, tight junctions cell cycle 

•Unexpected: mitochondria, ribosomes, metabolic processes 

 

• no gdTcdA-responsive proteins (24 h treatment) 

• all obserd changes were due to glucosyltransferase activity 

 

• in vivo detection and quantification of GTPase glucosylation   

• new targets: Ras Ral Rap 
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Verification by Western blot analysis 
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control TcdA gdTcdA 

Effects of toxinA on Caco-2 cells 

non-gluc-Rac1 (102) 

 

total Rac1 (23A8) 

 

a- tubulin 

 
TcdA            --        +        --        --        +         --    500 ng/mL 

gdTcdA        --        --        +        --        --         +     500 ng/mL 

5 h                       24 h 



Clostridium difficile infection 
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MRM-Experimente 

Entwicklung von MRM-Methoden für: 

 

8 regulierte Proteine 

 

6 Kontrollproteine  

 

Interne Standards zur Normalisierung 

 

 

 2 Peptide/Protein 

 2 Fragmente/Peptid 

24 h Gesamtzelllysat 

 

Kontrolle      +rTcdA +rTcdA 

                         -wt      -mut 



 R G B 
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250 190 20 

215 215 0 

80 200 170 

10 190 200 
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Rac1 Rac1 

UDP-Gluc 

TcdA 
-UDP 

In vivo detection of glucosylation 



Respiratory chain, 

mitochondrion 

Ribosome 

Cell 

cycle 

Mitochondrion 

Lysosome 

Signal 

transduction 

down up 

TcdA-responsive proteins (24 h) 



GeLC-MS-Method 

 R G B 
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nano-HPLC 

50  cm column 

ESI-Orbitrap Velos Data analysis 
SDS-PAGE 



Stable isotope labeling by amino acids in culture 

(SILAC) 

Krüger M, et al., Mann M Cell. 2008 Jul 134:353-64. 

13C-Arginin 
13C-Lysin 



Standards  ICPL 

Filamin B (FLNB) 0,82 ± 0,1 

Elongation factor 2 (EF2) 0,82 ± 0,12 

HNRP U 1,27 ± 0,01 

Alpha-Enolase (ENOA) 0,90 ± 0,02 

Adenosylhomocysteinase 

(AHCY) 
0,94 ± 0,09 

40S S9 0,94 ± 0,07 

         FLNB         EF2          ENOA        40S S9                                         

                        HNRP U       AHCY 

Internal standard proteins 



Verification of protein quantification 

Protein label free isotope label 

Fibronectin 0,52 0,58 

Cingulin 0,39 0,48 

Ornithine-

Aminotransferase 

1,66 1,88 

Fuctose-P2-

Aldolase  

0,68 0,66 

Apolipoprotein A-I 0,30 0,41 

GTPase KRas 2,38 1,72 

RhoA 0,41 0,42 

GTP-binding 

protein SAR1A 

0,54 0,59 



Verification by MRM assay and  

label-free quantification 

TcdA responsive proteins  
 

House-keeping proteins 

 
2 peptides/protein 

2 fragments/peptide 

4 transitions / protein 



n-LC 

C18 

m/z 

MS/MS 

m/z 

+ 162.0528 Da  

(hexose) Threonin-35 

MS 

gluc 

N- -C 

Trypsin 
N- -C 

no gluc + ~20.000 other 

Detection of glucosylation 



TcdA-responsive proteins 
Q9NRR3 Q4VBZ6 Q9H6D7-1 P35580-1 B4E2N6 A8MXB7 O75844 Q02252 P09601 P00374 Q9BSH4 Q00534 P82675-1 

C9JXC1 P22735 B4DW28 P27816-1 P36507 O75821 O75976 A8K6C9 P04062-1 O95235 Q96A26 Q8WWI1-3 Q92823-5 

Q8IUC4 Q15154-1 Q8TC07-2 Q96CS2-1 Q6P3X3 A2VDF0-1 Q8WXC9 Q16698 Q9NUN5-1 P12277 A8K3B4 O95425-1 B7Z6Q5 

P46937-1 Q9BVM2 Q6NXR4 Q8TCA0-1 Q53T59 Q9Y5N5 Q13637 P48449 Q9ULC5-3 Q14558-2 P03905 P35754 P38117-1 

P04183 A0PJ76 Q9UQB8-1 P55209 P40855-1 Q9NQP4 O14735-1 Q14156-1 P10586-1 Q5T0Z8-1 P15529-2 Q9Y3D8 P14649 

P04818 Q8N392-1 Q1JUQ4 Q9UPN7 Q96HD9 Q9BQA1 P30038 Q9H3Z4-1 P16403 O43687-1 Q16651 O95359-4 Q6IA69 

P14635 Q8IVD9 P52292 Q6PKG0-1 Q9P1F3 O00459 Q9UEY8-1 O75616-1 Q02818 O75794 P23786 Q07157-1 P17655 

Q9NPD8 Q86XZ4 B4DLH4 Q92616 A5JGZ4 Q9BRX2 O75306 Q14344 O75911-1 Q9H3K6-1 O76031 Q96SB4-2 Q6NXE6 

Q9Y6A5 Q8TEQ6 Q9UNF1-1 O60333-2 P26639 P16989-1 Q9Y5U8 P50895 Q8WWI5-1 Q9BRS2 P15586 Q86WV7 

Q14807 B4DZK4 Q9UJC5 Q9BVQ7-1 Q14790-9 B3KUB7 B4E1U9 O43678 O43181 Q96GA3 Q9UM00-1 Q13572-1 

P52732 P52701-1 P34896-1 A6NN80 Q13951-2 P08590 P23284 Q15125 Q9P273 Q8NDI1-1 P08574 Q9NPH2-1 

Q9H4H8-1 D3DNT2 Q9BWH6-1 Q9BRP4-1 P49588 P07737 O00461 Q9C0D9 Q14534 Q9NYT0 Q5T160 Q9BXJ9-1 

Q9H8V3-2 Q9H6T3-1 Q9BQL6-1 Q9H2G2-1 O94768 Q8TDX7 Q9UI14 Q86WA6-1 Q6UWM9 Q9NWS0 Q8NCN5 Q96GA9 

Q9NQS7-1 Q8WUV3 P62857 O95671-1 P21980-1 B4E1G6 Q9Y3L5 Q8NE62 Q99624 Q6WCQ1-2 Q9BQS7-1 O94763-1 

O00762 Q9Y5K6 Q15645-1 Q13555-4 P33316-2 Q8N1G4 Q5JS37 Q8NC54 Q59EV6 Q01813 O00462 Q15021 

P57739 O14933-1 Q9BTY7 B1AKR6 P20290-1 Q6P1N0-1 Q15904 Q9BYD1 P17568 Q9Y4G6 Q9H3G5 Q3YEC7-1 

O75330-3 Q9NQX3-2 P19174-2 Q9BRA2 O95373 Q9Y508-1 Q9NVS2 P21860-1 Q9H8H3 Q8N6M0 O95168 Q99700-1 

Q9P2M7-1 P05162 P17812 P16333 Q9NRN7 Q8NFU3-1 P53801 Q9NX76 B7Z5W1 Q9Y3S1-1 Q96BM9 Q9UHD1-1 

Q96RR5 Q6FGM0 O60504-1 Q9H773 Q92990-1 Q96DG6 P98179 O60493-1 P10109 P62987 B0S872 Q9NSK7-4 

O14965 O60232 Q96P48-6 C9JIF9 Q9UBL6-1 P49815-1 P51687 P11498 P02649 Q8IYB7-1 P53611 Q9BTE3-1 

Q96KB5 Q15003 Q9UI10-1 Q9NTJ3-1 A6NGG4 Q01995 Q9H1C7 P29992 Q9Y287 O75347 P63220 Q8TEX9-2 

Q9H7C9-1 P39019 Q6PL18-1 Q8N1P7 P13796 Q92598-1 Q6P1X6-1 Q6Y1H2 P07339 Q9H8Y5 P55210-3 Q9Y490 

Q15004 O14737 Q96DX5-1 Q9UDY8-1 P13639 Q0P5N8 B7Z8E7 B4E0X1 C9JBG5 Q9H2J4 O15357-1 Q8N6R0-5 

O14974-1 Q8N9N8 Q14008-3 P05161 O95260-1 O95833 Q92542-1 P33121-1 B4DIW3 O75116 P62263 Q15417 

A8K024 P63173 Q9Y3L3-1 A6PZH2 Q9P2K8-1 B4DZH6 Q9NTG7 P61421 P19075 P05997 Q9NUQ3 Q5T5C7 

Q9BW19 A8MUW3 Q8WUH6 O00178 P61970 Q68CQ5 P55795 P19440-1 B5MDX4 O15212 Q9P0J7 Q9BQI0-2 

Q99661-1 Q13043-1 Q9UHW5-2 P20290-2 O00151 Q9NRY4-1 P42167-1 P30405 B4DV10 P14174 P62249 P62837 

O43490-1 Q9Y4C2-2 P11586 Q969Q0 P07108-1 Q9NRF8 Q96EY8 P98164 Q8WVP5 P19525 Q86TU7-1 O00468 

Q15942 P07311 Q6ZT62 A2ICT2 Q14694-2 P25398 P98194-6 Q8N5M9 P01116-1 P30520 Q9Y266 P08133 

Q96IZ0 P23588 P54577 Q08752 Q86TB9-1 O15111 Q8N983-4 A1L3X0 B7Z7X3 Q8TD19 Q5T2W1 Q14353 

Q86VI3 Q9HBM1 P30419-1 Q99614 Q86YQ0 P84022 Q8N6M3 O00217 Q9HBU6 P40222 P54687 Q9BV86 

Q8WVK7 P57076 P30047 Q9UK76-2 B4DPV7 O75083-1 P62834 Q9Y666-1 P07305 Q9NT62-1 Q06210-1 Q14CX7-1 

Q9BST9-1 Q0QET7 P50748 Q9GZZ9-1 O75534-1 P52735-1 Q9P0J0 B7Z3B7 O00560-1 Q6ZTT1 Q96H79-1 P18206-1 

Q14527-1 B4DQM4 Q02750 Q13643 P41227 B4DNH1 Q6IA17-1 Q13751 P06280 Q75MJ1 Q6ZRD3 P41252 

Q8TAP6-1 Q9NR09 Q9Y3P9-1 Q6VY07-1 P62244 Q9NWY4 P04899-1 Q6P587-1 Q9BRK5-1 Q9NZU5 Q9BYG5 Q7L8W6 

Q96HL8-1 Q14651 P50579 O00244 O43592 Q15057 P82914 Q9BTU6 B4DJA0 Q86W56-1 Q8WU90 Q96KG9-1 

Q5JSP0-1 O75157-1 Q5VZK9-1 P42336 Q96A49 Q9BTW9-4 Q96N66-1 P22033 Q9NZU0 P09972 Q16513 Q15785 

P49023-3 O60256 A4D0Z6 Q0IIM8-1 Q3KRA6 Q8IWZ3-4 Q13084 Q9UGQ2-1 P42892-1 Q7Z422-1 B2RWN7 B1ALK7 

P13797 C9JER1 P04075 Q9BPX3 P61077-2 O75962-1 Q9BPW8 Q9H0X4-1 Q6NUM9-1 O00592-1 Q86XX4-2 Q71UM5 

P49366-1 Q16877 Q6DKJ4-1 Q9Y6R4-1 P53041 Q9NX02-1 Q96NT5-1 O15031 A2BCW2 P13987 P62495 Q9BRT3 

P23921 Q9NVX0-1 Q9Y2S6 O75170-1 P46109 Q9HAV4 Q09327 P56556 P01116-2 Q99519 Q9Y6G5 Q9P2J5 

P09493-4 Q9Y5V3-2 Q96GE6-1 O95260-2 Q13671-1 P61586 Q9NNW7-1 O60488-1 P16402 P04040 P14618-1 Q15276-1 

Q9Y4C1 O75179-1 P18858 Q9H446 Q6PKC0 Q6PGP7 O94886 P16219 A0N0E2 P07858 P35268 Q15056-1 

Q9BX66-9 P22681 B1AKZ3 Q99836-1 Q7Z7E8-1 Q9NTK5-1 O75380 P26572 Q16625 O75251 O95433 B8ZZ87 

Q9Y613 Q8WWM7-1 P24386 B4DRY5 Q9NUQ9 P18077 Q96LW7-2 Q9UBR2 O00767 Q9H3R2 P09327 Q13085-4 

O95832 Q9NUG6 Q6Y7W6-1 P40818 P16989-2 O75348 Q9H2K0 B1ALH4 Q9HBB8-1 Q96AQ6-1 Q8N8S7-1 P43246 

P49454 Q9BYB4-1 Q53FT3 Q92615 Q68EM7-1 A8MWD3 Q02218 Q8IV08 P04181 O60462-1 Q14019 O75915 

P52564-1 Q9Y237-2 Q9H3R5 B4E3T4 Q16539-1 P48200 Q6ZUY8 O95169 O95864-1 Q969X1 Q86VX2-1 Q6DKK2 

P17540 Q9UHG0-1 P17858-1 P54105 O95347-1 Q13442 P00167-1 P04066 Q8N370-3 Q8WW52-1 Q969S3 Q9Y2R0 

C9JFI1 B3KXZ0 Q9ULR3 O43175 Q0VDF9 Q13144 P35914 P63000-2 P09210 B4DYX8 Q9HB71-1 P35610 

Q86WQ0 P27708 Q13158 O00764-1 Q9H1I8-1 O14745 Q96DC8-1 Q15067-1 Q9BX93 P43155-1 B7Z3P1 Q9UIW2 

Q9NVI1-3 Q9NVE7 Q96HR8 Q9BY44-1 Q14258 Q5T4L4 B4DVA7 Q15800 Q16850-1 Q16762 Q6PD74 P13804 

Q8NBT2 Q8NC51-1 Q9BZX2-1 Q15746-1 Q16537 Q7Z6B7-1 Q9NS69 Q96B21 P31431 P21912 Q5JX81 Q9BTZ2-1 

Q5VV41-1 Q6NW29 Q12929 P28676 Q96JG6-1 O43707 O75110-1 P42126-1 O94956-1 O95297-1 B4DM01 O75489 

Q9BVS4 Q9UDY2-1 Q9H098-2 Q9UJY4 Q9Y2Z0-1 P41240 Q5JRX3-2 B1AVU8 P80404 O75845 P55060-1 Q8NCC3 

Q5HY93 Q5TA95 P42224-1 P55039 Q99543-1 Q9BTX7 P20340-2 Q96HR9 Q9UHK6-1 P10412 Q9NTJ4 Q9UMS0 

Q8IVT2 O43432-1 B7Z5E3 Q9Y6E2 B4DZ73 Q66K14-1 Q9H0U6 Q02083-1 P49715 Q9UBC5 Q8TF05-2 Q9GZU7-1 

Q8TCG1-1 P62942 Q9H840 P12814 P61457 P35573-1 Q6NSJ0 B2RTQ8 P08263 Q9HAT2-1 Q9HD15 P32004-1 

O75153 P29762 Q96B36-2 Q14315-1 P62899 O60271-1 P82650 A8K2P8 P04114 P30042-1 O94822 O75298-1 

Q8TE68-4 P62273 Q96K76-1 P51965 O15066 Q9UHI6 Q3SXM5 Q9Y676 P51654 Q9HBH0-1 P24941 O43772 

Q9NX55-1 Q969E8 O94915-1 P25098 Q3KQV9-1 P37802 Q96BP2 Q8ND76-1 P52895 P34059 Q16204 Q9NUM4 

Q9ULX3 Q93052 Q86TG7-1 Q8TEL6-1 Q92973-1 P13807 Q53FV1 O14657 P00995 Q567U3 P21291 Q9BSH5 

P60520 P60891 O95551-2 Q9NXW9-1 Q9Y295 P41743 Q9NX14-2 Q14739 P15144 Q9GZT6-1 Q9UI30 P04179 

Q9C0C9 Q86Y56-1 P41214-1 B4DGX3 Q96RU3-1 O00214-3 P84095 Q9UI09 P04798 P17050 B4DHM0 Q86X29-1 

O14777 A8K2W7 Q9H5X1 Q5H9R7-5 Q5T4S7-2 O95352-1 Q13510-1 P23141-2 Q04828 Q8NCR9-1 D3DPK5 O75907 

Q96B97-1 P22102-1 Q9UBB4 P55196-5 Q567U6 Q96C19 O43567 Q02318 Q12913 Q8WVV4-1 P41250 P14410 

Q9H694-1 Q9BRA0-1 P83881 Q96HC4-1 Q96P70 B0V043 O14773-1 Q9UH62 P06731 Q9HCY8 P29373 P08319-2 

Q9H900-1 Q16890-1 Q9Y4R8 P06737 Q9UPU5 Q99471 B4E2P2 Q13286-1 B4DNM7 P00367 O60925 P02652 

B4DUT8 Q14C86-6 Q92888-3 P61960 Q8NBF2-1 Q7Z6Z7-1 Q99766 P19404 P01130 Q9NX47 O14907 P62745 

Q8NC51-3 Q9UN36-1 Q8N543-1 Q86WR0 B2RB47 Q9GZQ3 Q9BZQ6 Q8TC12-1 Q5R206 O14569 Q02790 C9JC84 

Q9BR61 O43156 O75368 Q9NQ48 P17174 Q9H9A6 P41235-4 P07148 P01009-1 P37268 Q5VZ89-1 P02771 

O75841 B4DHQ3 Q9NZL4-1 O60841 Q9NUU7 Q9H0K6 A6NFM4 O75882-1 P02647 O95563 P53582 B7Z8Q2 



Effects of TcdA-wt on colonic cells 

GTPases 
Tight junction 
ZO-1/2/3; cingulin 

Cell adhesion 
Fibronectin, lamin 

Oxidative stress 
Catalase, SOD, GST 

Metabolism TcdA 

Mitochondrion 

Cell cycle 

Signal 

transduction 

Ribosomes 

Lipid metabolism 
ApoA1/A2, LDLR, CAT1 

Cytoskeleton 
Filamin, MLCK,… 


