
Until recently, global protein expression changes 
in organisms cultured or isolated under different 
conditions were based on relative mRNA 
expression levels, and this data was used to make 
inferences on regulation and protein expression.  
However, recent studies have demonstrated poor 
correlations of mRNA and protein levels in cellular 
systems. 
With the more recent advent of high-throughput 
proteomics methodologies, we can now directly 
observe both the genetic output of the 
transcriptome and proteome.  This combined 
knowledge provides together a deeper 
understanding of a cell system than one technique 
alone.  We have applied a high-throughput 
characterization of the proteome of Yersinia pestis
(agent of plague) and have compared the output 
to mRNA expression levels of the same sample 
conditions.

Overview

Introduction 

Methods

Results 
Label-free relative quantities of proteins produced 
by Y. pestis under growth conditions that mimic 
growth in a flea or mammal were obtained by using 
the accurate mass and time tag (AMT) approach.  
The data were compared with microarray data 
grown under similar conditions.  mRNA and protein 
expression ratios are not typically the same but in 
the case of the type III secretion system, there is a 
lot of similarity between the results of the two 
techniques.

Conclusions
• Sub-cellular Fractionation followed by independent 

analysis was required to observe a greater abundance 
range of proteins.  All mRNA could be visualized with 
one array per comparison.

• FT-ICR MS Data appears to have less inherent intensity 
dependent effects in the data requiring a lesser degree 
of normalization than the microarray data.  

• The R-I plots for both the proteomic data and 
microarray data, shows that variability in the measured 
log2 ratio values increases as the measured intensities 
decrease.  In both cases this is due to relative error 
increasing as the signals approach background.

• Microarray data and Proteomics data do not match up 
exactly.  The sub-cellular fractionation additionally 
makes it difficult to compare the proteomics to the 
microarray data.  

• For the highly regulated type III secretion system used 
for virulence protein injection, there is a high level of 
agreement between the up-regulated genes and 
proteins.  However, while the microarray provided a 
signal for most genes coded on plasmid CD1, the 
proteomics data revealed an absence of data for about 
half the coded regions.  This is due to either the cell not 
making the missing proteins or a lack of sensitivity in 
detection.
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• Peptide intensity rolled-up into Protein intensity using the average 
of the top 1/3 most intense peptides for each protein.  ½
minimum values were used for ratios if missing.

• Log2 ratios were normalized using intensity dependent loess 
normalization on paired data.

• Significant increase and decrease in protein abundance 
determined by t Test for independent samples w/ unequal 
variance with P values < 0.05 and with at least 1.5-fold
expression difference.

Y. Pestis cells were grown with environmental triggers to 
evoke similar virulence associated responses to mimic 
growth in either a flea vector or mammalian host.  
Temperature and lack or presence of Ca2+ was used to 
evoke protein and mRNA change.

Ratio vs. Intensity plots for data obtained from Microarray and Proteomics Analyses
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Figure 1. Bland-Altman1 plots showing 
before and after loess normalized data of 
the ratio of intensities vs. the product 
intensities between samples grown in 26 
°C media and either 37 °C media with or 
without Ca2+.  

These ratio to intensity plots are used to 
reveal any systematic intensity-
dependent effects in the measured log2 
ratio values.
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2Microarray Data – 1, 4, and 10 hr Proteomics Data – at 4 hours
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Functional classification of thermoregulated chromosomal genes and proteins of Y. pestis

1-(closed bar), 4- (open solid line bar), and 10-hr (open dashed line bar)

Thermoregulated virulence associated genes and proteins of Y. pestis – genes and proteins of plasmid CD1

Cells grown for 1-, 4- and 
10-hours

Table 1.  Thermoregulated plasmid pCD1 genes and proteins 
identified in both microarray and proteomic data.  Values represent 
folds of intensity value change at 37 °C versus 26 °C

Gene or ORF

-Ca2+ +Ca2+ -Ca2+ +Ca2+ -Ca2+ +Ca2+ -Ca2+ +Ca2+
Y0077c yopE 4.6 4.5 9.4 2.8 46.5 2.4 8.1 5.8
Y0051 lcrH 3.1 3 8 3.7 27.3 5.7 7.3 5.4
Y0078 sycE 3.9 4.1 2.2 1.8 3.4 1.7 7 5.8
Y0029c yscC 3.2 3.1 4.3 2.6 6.1 1.5 6.3 nd
Y0052 yopB 5.1 4.4 7.3 3.3 64.2 6.4 6.2 2.8
Y0038c yscQ 2.2 2.3 3.1 2.3 4.3 1.6 5.9 3.4
Y0049 lcrG 2.5 2.4 4.7 2.3 14.6 3.3 5.8 nd
Y0022c yscJ 1.8 1.9 2.6 2.2 4.5 1.6 5.8 nd
Y0082 sycH 2.6 2.6 1.9 1.8 2.6 2.2 5.8 6.1
Y0013 yopH 6.6 6.2 12.2 3.4 86.3 3.4 5.4 4.3
Y0026c yscF 2.5 2.5 3.6 2.3 4.1 1.3 5.4 nd
Y0028c yscD 2.8 2.4 3.4 2.3 4.1 1.2 5 nd
Y0066 yopK 1.9 2.1 2.7 1.5 6.4 1.8 5 nd
Y0030c yscB 4.8 3.4 4.6 2.8 3.7 1.2 4.2 0
Y0039c yscP 3 3.1 4.6 2.6 9.5 2.5 3.3 nd
Y0019c lcrQ 2.7 2.1 2.9 2.3 4.9 2.5 3.3 nd
Y0009 ypkA 2.7 2.9 3.7 2 12.5 1.8 2.9 nd
Y0020c yscL 1.6 1.5 3 2 2.3 1.2 2.7 nd
Y0010 yopJ 2 1.9 4.9 2 7.8 1.4 2.6 nd
Y0042 lcrE 4 4 4.2 2.7 10.3 2.8 2.5 1.6
Y0059 yopM 2.6 2.7 3.4 1.6 4.5 1.3 2.4 nd
Y0043 tyeA 2.6 2.8 3.4 2.5 10.1 4.4 1.5 nd
Y0050 lcrV 3.2 3.1 4.3 2.6 8.7 1.6 1.1 -0.4
Y0074 Orf73 1.5 1.6 1.5 1.6 2.2 2.5 0.1 0.5
Y0027c yscE 2.6 2.3 3.6 2.1 4.8 1.6 -0.1 0.4
Y0053 yopD 3.1 3.1 8.4 3.2 32.9 7 -0.3 -0.3
Y0075 Orf74 1.7 1.6 1.3 1.6 2 3.1 -3 1.1
Y0025c yscG 2.3 2.1 2.9 2 3.3 1.4 -4.5 -4.5

4 hrs
Proteomics Data

1 hr 4 hrs 10 hrs
Microarray Data

Gene or ORF

Plasmid pCD1 -Ca2+ +Ca2+ -Ca2+ +Ca2+ -Ca2+ +Ca2+ -Ca2+ +Ca2+
Y0045 yscX 2.1 2.5 4.6 2.7 5.6 3 nd nd
Y0044 sycN 2.7 2.6 3.6 2.6 5.1 2 nd nd
Y0008 orf7 3 3 4.5 2.4 10.9 1.8 nd nd
Y0021c yscK 1.8 1.7 3.3 2.4 3.1 1.4 nd nd
Y0047 lcrD 1.5 1.6 3 2.2 2.7 1.4 nd nd
Y0065c yopT 3.6 4 3.1 2.1 3.6 1.9 nd nd
Y0023c yscI 1.9 1.7 2.6 2 3.8 1.4 nd nd
Y0032c lcrF 3.6 2.8 2.2 2 1.3 0.9 nd nd
Y0037c yscR 2 2.1 2.9 1.9 4.4 2.4 nd nd
Y0024c yscH 2.2 2.2 2.4 1.9 4.2 1.8 nd nd
Y0040 yscO 2.8 2.8 2.6 1.9 4.6 1.4 nd nd
Y0046 yscY 1.6 1.5 2.3 1.9 1.8 1.4 nd nd
Y0033c yscW 2.9 2.8 2.3 1.9 1.3 1.1 nd nd
Y0041c yscN 3.7 3.3 2.1 1.7 13.7 2.6 nd nd
Y0048 lcrR 1.4 1.3 2.1 1.7 2.5 1.4 nd nd
Y0085c Orf84 1.6 1.5 2.6 1.6 3.9 1.6 nd nd
Y0034c yscU 2 1.6 1.8 1.6 1.9 1.2 nd nd
Y0076c Orf75 1.4 1.5 1.4 1.4 2 2.2 nd nd
Y0064c sycT 1.6 1.9 1.4 1.4 2.6 1.2 nd nd
Y0067 ylpA 1.7 1.8 2.9 1.3 5 1.6 nd nd
Y0035c yscT 1.4 1.4 1.2 1.3 2 1.6 nd nd
Y0062c Orf60 1.8 1.9 1.6 1.3 1.6 1.2 nd nd
Y0036c yscS 1.4 1.3 1.4 1.3 1.3 1.1 nd nd

Microarray Data Proteomics Data
1 hr 4 hrs 10 hrs 4 hrs

Table 2.  Thermoregulated plasmid pCD1 genes and proteins 
identified only in microarray data.  Values represent folds of intensity 
value change at 37 °C versus 26 °C.  nd = not deteted

Yersinia pestis uses the Type III secretion 
system (TTSS) to inject virulence 
associated proteins into a host cell.  These 
proteins lead to decreased immune 
response and cell destruction.  This  TTSS 
is coded for by plasmid CD1. 

Figure 2. Illustration of the Type III 
secretion system machinery of Y. pestis
coded for on plasmid pCD1. The 
components are primarily assembled 
under conditions of low calcium at 37°C 
which mimic conditions experienced by the 
bacteria when attached to a mammalian 
host cell.  Virulent proteins “injected” into 
the host cell include YopM, YopH, YopE, 
YopP, YpkA, and YopT.
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Cells from Y. pestis were cultured under 
conditions that would evoke response triggers 
similar to those encountered in growth in a flea 
vector or mammalian host.  DNA microarrays
encompassing the entire genome of Yersinia
pestis were used to characterize global regulatory 
changes during growth occurring after shift from 
26 to 37 °C in the presence and absence of Ca2+.  
With analogous Y. pestis cells, genome-wide 
protein identities and intensities were made using 
LC-FTICR MS, utilizing a pre-existing mass tag 
database established using MS/MS.  The log 
base 2 ratios of the mRNA and protein products 
were compared. 
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