
OVERVIEW

Purpose:
1. Benchmark peptide quantitation accuracy of 

our quantitative proteomics methodology 
with serial dilution samples of 
Rhodopseudomonas palustris

2. Profile R. palustris global protein expression 
change between anaerobic and aerobic 
growth conditions



Summary of Results:
1. In the quantitative comparison of serial 

dilution samples, some of the peptide 
ratios were clearly in error. Protein ratio 
measurements are less susceptible to 
errors since multiple peptide ratios are 
averaged.

2. 1318 proteins have been quantified 
between anaerobic and aerobic growth 
conditions of R. palustris



INTRODUCTION
Metabolic stable isotope labeling:
1. Stable isotope labeled analytes are excellent 

control for unlabeled analytes due to their identical 
biological activity.

2. Metabolic labeling is relatively straightforward, 
cheap and precise in mixing ratio compared with 
chemical labeling and enzymatic labeling.

R.palustris growing under 
aerobic conditions



Quantitative shotgun proteomics:
1. Quantitative shotgun proteomics can use identical 

LC-MS methodology developed for qualitative 
shotgun proteomics.

2. Peptides can be identified from MS2 scans by 
database-searching algorithms.  Peptides can be 
quantified from selected ion chromatograms by 
comparing their isotopic variants’ abundance.

Selected ion chromatograms for two 
isotopic variants of a peptide (coded 
blue and red).  Green lines delimit 
peak quantification boundary.

INTRODUCTION



Rhodopseudomonas palustris:
1. A purple nonsulfur anoxygenic phototrophic 

bacterium that is ubiquitous in soil and water 
samples.  

2. High metabolic diversity, capable of 
photoheterotrophic and photoautotrophic growth, 
as well as chemoheterotrophic and 
chemoautotrophic growth. 

3. Its 5.459Mb genome has been sequenced and 
annotated with ~4836 potential proteins (1). 



Anaerobic vs. aerobic growth:
1. In aerobic growth condition, R. palustris utilize 

oxygen as the electron donor resource

2. In anaerobic growth condition, R. palustris utilize 
carbon or nitrogen as the electron donor resource

3. A wide range of proteins’ expression will be 
different in these two growth conditions to switch 
between different electron donor resources.

Taken from ref #1



EXPERIMENTAL

Metabolic stable isotope labeling:
1. Culture cells on normal media with 14(NH4)2SO4 

versus on N15-enriched media with 15(NH4)2SO4 
(98% 15N) 

2. Harvest, wash and lyse cells
3. Mix labeled and unlabeled cell lysates at defined 

ratio of the total protein amount
4. Digest mixed cell lysate with trypsin
5. Clean up digestion product with solid phase 

extraction



Split-phase MudPIT on LTQ-MS:
1. Split-phase column was packed as described (2)

2. 24-hour twelve-salt-step MudPIT elution 

3. LTQ-MS:
l A MS1 scan is followed by five data-dependent MS2

scans with dynamic exclusion.
l Each scan is averaged from two microscans



Data processing:
1. DBDigger (3), an in-house database-searching program, 

was used to identify N14 and N15 peptides from tandem 
mass spectra. 

2. DTASelect (4) was used to assemble protein identification 
from filtered peptide identification

3. EXTRACT-CHRO was used to construct selected ion 
chromatograms for each identified peptide

4. RelEx (5) was used to calculate peptide abundance ratio 
and protein abundance ratio



Quantitation Accuracy 
Benchmark Results

l Serial dilution samples were prepared by mixing 
N14 and N15 R. palustris cell lysates at ratios of 
10:1, 5:1, 1:5 and 1:10.

l For a mixing ratio, histogram of logarithm of 
calculated peptide ratios was plotted in R (blue 
line in figure below)

l Two gaussian curves were fit into the ratio 
distribution (red lines) and their sum was 
compared with the observed distribution (green 
line)



N14:N15=1:5 N14:N15=5:1

N14:N15=1:10 N14:N15=10:1



l False quantification: calculated ratio indicates 
wrong direction of abundance change

l Random error in true quantification: the variance 
of calculated ratios

l Systematic error in true quantification: the 
difference between the expected ratio and the 
mean calculated ratios.

l Dynamic range: extreme ratios suffers from large 
fraction of false quantification, large random error 
and large systematic error.



l Bacteria were cultured aerobically on normal 
media and anaerobically on N15-enriched media.

l Labeled and unlabeled cell lysates were mixed at 
equal ratio

l To minimize random error of quantification,  
protein ratios were averaged from the ratios of at 
least three peptides

Ratio: Aerobic to Anaerobic
SD: standard deviation of peptide ratios
Pep #: number of quantified peptides 

Aerobic vs. Anaerobic 
Growth Results



Selected down-regulated proteins; from aerobic to anaerobic
Protein Name Ratio SD Pep. #
put at i ve por phobi l i nogen deami nase 1671137: 1672120 f or war d MW: 35601 0. 204 0. 157 12
put at i ve 6- phosphof r uct oki nase 413011: 413949 f or war d MW: 32563 0. 238 0. 239 5
pr obabl e ant i oxi dant  pr ot ei n 2771641: 2772330 r ever se MW: 25740 0. 247 0. 139 15
put at i ve bet a- gl ucosi dase 1941645: 1943021 r ever se MW: 51738 0. 254 0. 193 13
possi bl e br anched- chai n ami no aci d t r anspor t  syst em subst r at e- bi ndi ng pr ot ei n 3717617: 3718969 r ever se MW: 483060. 264 0. 065 20
heat  shock pr ot ei n Hsl U,  pr ot easome- r el at ed ATPase subuni t  335995: 337296 r ever se MW: 47489 0. 27 0. 339 5
unknown pr ot ei n 2621691: 2622218 r ever se MW: 19205 0. 287 0. 147 5
f r uct ose- bi sphosphat e al dol ase 5225636: 5226721 r ever se MW: 39341 0. 31 0. 357 16
YceI  l i ke f ami l y 4833016: 4833657 f or war d MW: 22807 0. 316 0. 283 4
unknown pr ot ei n 1575534: 1575932 r ever se MW: 13914 0. 332 0. 527 4
ur opor phyr i nogen decar boxyl ase 1676073: 1677050 r ever se MW: 35798 0. 352 0. 407 4
conser ved unknown pr ot ei n 2389539: 2389871 f or war d MW: 12587 0. 363 0. 865 8
del t a- ami nol evul i ni c aci d dehydr at ase 3084385: 3085437 r ever se MW: 38416 0. 364 0. 327 5
acyl - CoA synt het ase 2609019: 2610710 f or war d MW: 60776 0. 376 0. 592 7
cyt ochr ome c556 2622816: 2623256 f or war d MW: 15200 0. 382 0. 094 5
put at i ve copr opor phyr i nogen oxi dase I I I  1850616: 1851965 r ever se MW: 49338 0. 398 0. 528 10
5- ami nol evul i ni c aci d synt hase ( ALAS)  948749: 949978 r ever se MW: 44754 0. 408 0. 36 6
al cohol  dehydr ogenase 2273049: 2274071 r ever se MW: 36217 0. 436 0. 433 5
r i bul ose- bi sphosphat e car boxyl ase f or m I I  5224192: 5225577 r ever se MW: 50485 0. 446 0. 933 16
possi bl e GTP cycl ohydr ol ase I  3832523: 3833212 r ever se MW: 25702 0. 458 0. 337 5
50S r i bosomal  pr ot ei n L1 3690510: 3691199 r ever se MW: 24010 0. 466 0. 391 5
cyst ei ne- t RNA l i gase 2246922: 2248313 f or war d MW: 51727 0. 468 0. 191 5
possi bl e DNA- bi ndi ng st r ess pr ot ei n 3128515: 3128997 r ever se MW: 18247 0. 473 0. 555 5
5- ami nol evul i ni c aci d synt hase ( ALAS)  1724111: 1725322 f or war d MW: 43799 0. 478 0. 123 8
conser ved unknown pr ot ei n 1843683: 1844273 r ever se MW: 23016 0. 479 0. 802 9
UDP- N- acet yl gl ucosami ne pyr ophosphor yl ase 3026154: 3027512 f or war d MW: 47047 0. 48 0. 41 5
bet a- ket ot hi ol ase,  acet oacet yl - CoA r educt ase 592255: 592980 f or war d MW: 25466 0. 488 0. 451 5
conser ved unknown pr ot ei n 1886304: 1886744 r ever se MW: 15237 0. 508 0. 289 6
conser ved unknown pr ot ei n 4820269: 4820985 f or war d MW: 26110 0. 518 0. 488 4
gl ucose- 1- phosphat e adenyl yl t r ansf er ase 416649: 417911 f or war d MW: 47026 0. 519 0. 426 5
possi bl e l i popr ot ei n 1582970: 1583743 f or war d MW: 27813 0. 52 0. 479 6
put at i ve chr omosome segr egat i on SMC pr ot ei n 5063290: 5066823 f or war d MW: 129213 0. 522 0. 612 8



Protein Name Ratio SD Pep. #
acet yl - CoA synt het ase 5081847: 5083757 r ever se MW: 69381 3. 582 12. 317 21
pr obabl e al cohol  dehydr ogenase 4127608: 4128660 r ever se MW: 36512 3. 602 2. 396 7
phosphor i bosyl ami noi mi dazol e- succi nocar boxami de synt hase 4316467: 4317234 r ever se MW: 29171 3. 646 3. 334 4
t r anscr i pt i onal  r egul at or ,  LysR f ami l y 1981608: 1982498 r ever se MW: 31727 3. 672 1. 165 9
possi bl e br anched- chai n ami no aci d t r anspor t  syst em subst r at e- bi ndi ng pr ot ei n 1566319: 1567563 f or war d MW: 450013. 681 4. 179 11
conser ved unknown pr ot ei n 5042658: 5043479 f or war d MW: 30383 3. 688 3. 068 9
put at i ve t r ehal ose synt hase 4108522: 4111824 f or war d MW: 125271 3. 699 3. 731 9
conser ved hypot het i cal  pr ot ei n 1282367: 1283224 r ever se MW: 31371 3. 716 3. 018 4
put at i ve copr opor phyr i nogen I I I  oxi dase pr ecur sor  1682058: 1682969 f or war d MW: 33661 3. 723 2. 731 4
sul f ur / t hi osul f at e oxi dat i on pr ot ei n SoxB 5039800: 5041497 r ever se MW: 61530 3. 866 4. 338 15
gl ycogen phosphor yl ase 5336312: 5338858 f or war d MW: 94541 3. 922 4. 639 5
put at i ve acyl - CoA dehydr ogenase 1792376: 1793548 r ever se MW: 43105 3. 924 4. 718 6
put at i ve DEAD- box pr ot ei n,  ATP- i ndependent  RNA hel i case 4525204: 4527288 f or war d MW: 76129 4. 037 4. 893 6
suf B,  needed f or  f huF Fe- S cent er  st abi l i t y 2802346: 2803827 f or war d MW: 54960 4. 077 3. 928 5
Tr apT f ami l y,  dct P subuni t ,  C4- di car boxyl at e per i pl asmi c bi ndi ng pr ot ei n 1997376: 1998386 f or war d MW: 370784. 313 2. 816 5
put at i ve br anched- chai n ami no aci d t r anspor t  syst em subst r at e-  bi ndi ng pr ot ei n 1955272: 1956519 f or war d MW: 452784. 434 4. 48 13
pi mel oyl - CoA dehydr ogenase ( l ar ge subuni t )  4193874: 4195064 r ever se MW: 44541 4. 458 5. 759 6
r esponse r egul at or  r ecei ver : hi st i di ne ki nase 5407468: 5409120 f or war d MW: 60377 4. 533 4. 006 5
put at i ve cel l  di vi si on pr ot ei n Ft sY 232613: 233560 r ever se MW: 33143 4. 64 6. 419 4
possi bl e met hyl mal onyl - CoA smal l  subuni t  2064252: 2066123 r ever se MW: 65276 4. 702 11. 652 12
conser ved unknown pr ot ei n 4679786: 4680169 r ever se MW: 14022 4. 89 3. 005 4
possi bl e br anched- chai n ami no aci d bi ndi ng pr ot ei n,  ABC t r anspor t  syst em 643359: 644579 r ever se MW: 442484. 924 3. 904 11
col d shock DNA bi ndi ng pr ot ei n 3456174: 3456377 r ever se MW: 7526 5. 017 2. 468 8
4- di phosphocyt i dyl - 2C- met hyl - D- er yt hr i t ol  synt hase: YgbB 2944754: 2945950 r ever se MW: 41660 5. 042 6. 559 4
magnesi um- pr ot opor phyr i n O- met hyl t r ansf er ase BchH subuni t  1712857: 1716603 f or war d MW: 135985 5. 172 6. 28 6
bact er i of er r i t i n 4064442: 4064924 r ever se MW: 18850 5. 265 4. 976 5
acet ol act at e synt hase ( smal l  subuni t )  2288912: 2289454 f or war d MW: 19942 5. 31 5. 679 4
put at i ve al dol ase 2080588: 2081661 r ever se MW: 39645 5. 564 2. 557 7
ABC t r anspor t er ,  subst r at e- bi ndi ng pr ot ei n 981450: 982448 r ever se MW: 35236 5. 581 5. 565 4
possi bl e di pept i de ABC t r anspor t er  ( di pept i de- bi ndi ng pr ot ei n)  1602948: 1604501 f or war d MW: 56790 5. 636 8. 724 7
Tr apT f ami l y,  dct P subuni t ,  C4- di car boxyl at e per i pl asmi c bi ndi ng pr ot ei n 2883903: 2884922 r ever se MW: 361945. 748 3. 035 4
possi bl e br anched- chai n ami no aci d t r anspor t  syst em subst r at e- bi ndi ng pr ot ei n 1947510: 1948760 r ever se MW: 446905. 779 3. 669 18

Selected up-regulated proteins; from aerobic to anaerobic



CONCLUSIONS

1. Peptide quantification results suffer from 
significant amount of error.

2. Multiple peptide ratios are required to give 
good protein ratio estimation

3. In total, 1318 proteins have been quantified 
between anaerobic and aerobic growth 
conditions of R. palustris.

4. The expression of many genes for R. palustris
is influenced strongly by the availability of 
oxygen. 



FUTURE DIRECTIONS

1. Better LC-MS methods and peptide 
quantitation algorithms are needed to improve 
the peptide quantitation accuracy.

2. Community consensus criteria are needed to 
filter protein quantification results.

3. Measuring protein expression changes 
between other growth conditions will increase 
the proteome coverage and provide more 
information on the dynamics of R. palustris 
proteome
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