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Figure S1: Electron micrographs of purified RB and EB. RB (A) and EB (B) were purified 
by differential centrifugation of disrupted infected host cells followed by density gradient 
centrifugation in a discontinuous sucrose gradient. EB (lower) and RB (upper) fractions were 
removed from the gradient and washed in SPG buffer. Purity of each fraction was estimated 
by electron microscopy. Arrows depict RB (A) and EB (B), respectively. 
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Figure S2: RNA quality determination (previous page). (A) Electropherogram of RNA 
isolated from uninfected HEp-2 cells, from HEp-2 cells infected with Cpn, and from purified 
RB and EB, respectively, was performed to assess the integrity of the RNA. Eukaryotic 
ribosomal RNAs are absent in purified RNAs from RB and EB. (B) Gel-like image derived 
from the electropherograms shown in (A). Bacterial (16S and 23S) and human (18S and 
28S) ribosomal RNAs are marked. (C) Northern Blot analysis of RNA isolated from purified 
EB and RB was performed with 10 µg of total RNA from uninfected Hep-2 cells (Hep-2 
control), HEp-2 cells infected with Cpn at MOI of 5, the crude Cpn fraction derived from host 
cell lysis and differential centrifugation (Crude Cpn fraction) as well as purified RB and EB 
derived from gradient centrifugation. Host cell ribosomal 5S RNA is depleted whereas 
chlamydial RNA is strongly enriched during the purification process.  
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Figure S3: Sequence read length distribution of Cpn. Graph showing the length 
distribution of sequence reads after linker and polyA removal of the four cDNA libraries. 
Peaks correspond to highly abundant RNA species like tRNAs (70–90 nt).  
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Figure S4 (previous page): TSS of the major outer membrane protein gene ompA. 
Sequence read distribution is shown for the ompA gene of Ctr (minus strand) and Cpn (plus 
strand) for EB and RB and total RNA libraries (black) and libraries enriched for primary TSS 
(red). Note that the Rho-independent terminator downstream of the ompA coding sequence 
is highly enriched in the sequencing reads due to a thermodynamic highly stable secondary 
structure (A) The ompA gene of Ctr has a single major TSS at position 60,074 (P2, -248 to 
translational start), a minor TSS represented by only 1 cDNA read (P1 -269 to TSS), and a 
processing site at position 59,852 (-25) as earlier described (see text for details). (B) 
Sequencing data suggests three TSS for the Cpn ompA gene at the indicated positions P1 to 
P3 which correspond to positions -266, -254 and -165 relative to the translational start site, 
respectively, as indicated by arrows. (C) Alignment of promoter sequences of three Cpn 
ompA TSS P1 to P3 show poor conservation of -10 and -35 box. (D) Alignment of promoter 
sequences of Ctr and Cpn with TSS start sites of Cpn (on top of alignment) and Ctr (below 
alignment). Interestingly, only P2 is conserved among the two species, even though -10 and 
-35 promoter regions are partially conserved among P1 and P3. 
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Figure S5: Two operons encoding genes of the type three secretion system in Cpn. 
Polycistronic transcripts can be identified by comparing untreated and TEX-treated cDNA 
libraries. In the untreated libraries (black bars) sequence reads are distributed among 
adjacent genes and also cover gene junctions. The TEX-treated libraries (red bars) clearly 
show the TSS of a polycistronic transcript. (A) Sequencing data and Hefty and Stephens (32) 
suggest that one long transcript contains five genes (yscU-malQ). Furthermore, an internal 
additional TSS belongs to a shorter transcript containing only three genes (lcrE-malQ). Black 
arrows depict TSS. The operon shown in (B) contains six genes and is transcribed from a 
single TSS. 
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Figure S6: Density gradient fractionation of Cpn lysates. Cpn whole cell lysate was 
separated on a 5-40% continuous glycerol gradient. From each of the 24 fractions total RNA 
was isolated and a Northern blot was performed using probe directed against the abundant 
RNA encoded by CPn0332, as well as ribosomal RNAs. From the same fractions a Western 
blot was performed using an antibody directed against chlamydial σ28 factor. An association 
of RNA CPn0332 with σ28 RNA polymerase can be excluded since they are located in 
different fractions of the density gradient. The ubiquitously expressed heat shock protein 60 
(encoded by groEL) was used a control. Note that, due to the large number of samples, the 
Western blot picture is assembled from two blots that were treated the same way and in 
parallel. Fraction number 1 is the lightest on top of the gradient and fraction 24 is the 
heaviest and contains the insoluble resuspended pellet. 
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Figure S7: Most prominent sequence motifs of the -35 and -10 boxes of Cpn. Promoter 
sequences were extracted from 531 primary TSS from -28 to -38 (A) and from -5 to -15 (B) 
and searched for common sequence motifs using MEME, respectively. The two most 
prominent motifs are shown in (A) for the -35 box and in (B) for the -10 box. The number of 
promoter sequences are given for each motif. 

  



11 

 

Figure S8: Composition adjusted score matrix. Due to the strong compositional bias in 
the promoter sequences of Chlamydia (AT 70.5% versus GC 29.5%), we derived a 
composition adjusted score matrix. This matrix is based on the Felsenstein (53) model, 
where the substitution of any nucleotide by another is proportional to the relative frequency of 
the substituting nucleotide. 
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Table S1: Numbers of sequence reads of Cpn cDNA libraries. Sequence reads were 
pooled from two sequence runs with FLX and Titanium chemistry, respectively. All reads ≥ 18 
nt were blasted against the Cpn genome. Sequence reads that gave no BLAST hit are 
derived from contaminating human host RNA. 

 

 

 

 

 

 

 

 

 

 

Table S2 (Excel spread sheet “Table S2.xls)”: Transcription start sites and sequencing 
read numbers of Cpn genes. The exact transcription start sites of the annotated genes 
including novel non-coding RNAs are listed. For some genes a secondary transcription starts 
listed which can be the consequence of alternative transcription start sites. Numbers in TSS 
and location refer to the first nucleotide of the transcript or the annotated gene coordinates, 
respectively. Genes without TSS are either too low expressed or transcribed as part of a 
polycistronic transcript. The table gives the following information: First column: indicates the 
relative location of the TSS to annotated genes (S= sense, AS= antisense, IG= intergenic 
region, LL= leaderless transcript); TSS: transcription start site; 2nd TSS: secondary TSS 
located downstream of primary TSS or inside an operon or ORF; Length: length of the 
corresponding protein in amino acids; Location: start and end coordinates of gene; Strand: 
sense (+) or antisense (-) strand; Gene: gene name or gene number if no name is available; 
Synonym: gene number according to NCBI Reference Sequence NC_000922; Product: 
name of the gene product; EB-, EB+, RB-, RB+: sequence read numbers of the four cDNA 
libraries derived from either EB or RB total RNA (-) or total RNA enriched for primary 
transcripts (+). Novel transcripts are coloured in red. Background colour depicts genes that 
are co-transcribed as operon. Adjacent genes that are transcribed as polycistronic transcript 
are coloured in green or orange. Genes that are adjacent and co-transcribed but interrupted 
in the table by genes on the antisense strand are coloured in violet. 
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Table S3: Genes that have to be re-annotated. The newly identified TSS have been 
compared to the translational start sites from the genome annotation. Ten genes have been 
identified where the TSS is located downstream of the translational start. These genes seem 
to be wrongly annotated and therefore should be considered for re-annotation. 

 

 

 

 

 

 

 

 

Table S4: Operon numbers and lengths of Cpn. 246 Operons that encode a total of 752 
annotated genes were identified by analysis of deep sequencing data. The operon size listed 
corresponds to the number of encoded genes. The number of operons corresponds to the 
number of operons identified in the respective size and the number of genes is the product of 
operon size and number of operons of that respective size. 
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Table S5: Northern blot results of putative sRNAs of Cpn. 54 out of 75 sRNA candidates 
have been tested for expression by Northern blotting. 13 of these could be positively verified 
since the detected band corresponded to the theoretical size of the sRNA candidate 
calculated from the sequencing data. These verified sRNAs were named according to the 
protein coding gene encoded upstream, antisense or sense, respectively.  A highly abundant 
sRNA was found to be encoded in ORF CPn0332. A sRNA candidate that turned out to 
encode a protein coding gene missing in the annotation was named CPn0600.1. The signal 
recognition RNA (SRP RNA) was used as positive control. Columns are labelled as follows: 
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Position: AS = antisense to annotated ORF, IG = intergenic region, S = sense to annotated 
ORF; Start/End, genomic coordinates of sRNA; Strand: sense (+) or antisense (-) strand 
encoding sRNA; Putative Candidate: preliminary name; Validated Candidate: final name of 
validated sRNA; Probe Name: name of oligonucleotide used for Northern hybridization, 
contains coordinate of first nucleotide and strand; Probe Sequence: nucleotide sequence of 
the probe in 5’ to 3’ direction; Signal: indicates whether a signal was detected in Northern 
hybridization; Theoretic Size: length in nt calculated from sequencing data; Northern Size: 
length in nt detected by Northern hybridization.  

 

 
 
 
 
 
 
Table S6 (Excel spread sheet “Table S6”): List of relative gene expression in EB and 
RB. All genes with at least 20 sequence reads in total and a maximal read count lower than 
1,000 were considered. Out of 1,012 genes in the analysis 288 were classified as 
differentially expressed (multiple testing corrected p-values <0.05, twofold change, minimum 
20 sequence reads in total), whereof 91 (31,6%) are more abundant in EB and 197 (68.4%) 
are up-regulated in RB. Fold changes have been derived from the common odds ratios from 
the Mantel-Haenszel test. 

 

  



16 

 

Supplemental Methods: 

Preparation of C. pneumoniae Lysates 
Four 75 cm² cell culture flasks with Hep-2 cells at a confluency of approximately 80% were 
infected with C. pneumoniae at a MOI of 5 for 40h hours. Cells were washed with ice cold 
PBS and collected by scraping on ice. Cells were pooled in a total volume of 20 ml cold PBS 
and disrupted by adding 5 ml of glass beads (1 mm diameter) and vortexing for 5 min at 
maximum speed with. Cell debris was removed by pelleting for 10 minutes at 1,000 rcf and 
4°C. Chlamydia containing supernatant was centrifuged at 25,000 rcf for 20 minutes at 4°C 
to pellet bacteria and washed once with lysis buffer. Bacteria were resuspended in 2 ml lysis 
buffer containing Triton X-100 at a final concentration of 0.2% and portioned into two Lysis 
Matrix B tubes. Bacteria were disrupted by homogenization for 5x 20 seconds at 6.5 m/s with 
dry ice cooling in a FastPrep homogenizer (MP Biomedicals). The lysates were cleared by 
centrifugation at 14,000 rcf at 4°C for 10 minutes.  

Fractionation of Lysates on a Density Gradient 

Molecular biology grade glycerol was used to prepare 1% and 40% stock solutions in lysis 
buffer containing 0.2% Triton X-100. The solutions were filtered through a 0.2 µm pore size 
filter. Continuous 1-40% glycerol gradients were formed in 12 ml ultracentrifuge tubes using 
a gradient maker device and a peristaltic pump. The cleared lysate was layered on top of the 
gradient and separated by centrifugation for 17h at 100,000 rcf and 4°C.The gradient was 
fractionated into 24 fractions of 500 µl each whereby the last fraction contained the 
resuspended pellet. 200 µl of each fraction were used for protein detection by Western 
blotting. The remaining 300 µl lysate from each fraction were transferred to PhaseLock tubes 
and RNA was isolated by the phenol/chloroform method. One volume (300 µl) of P:C:I was 
added to the fractions followed by vigorous shaking for 30 seconds. Phases were separated 
by centrifugation at 14,000 rcf for 15 minutes at 4°C. The aqueous phases were transferred 
to fresh 1.5 ml tubes and 1.5 µl of GlycoBlue were added to each fraction as carrier to 
improve precipitation. RNA was precipitated by addition of 2.5 volumes ethanol containing 
0.1 M sodium acetate, shaking, and incubation over night at -20°C. Subsequently RNA was 
pelleted by centrifugation for 20 minutes at 20,000 rcf and 4°C. The pellets were washed with 
75% ethanol and air dried for 5 to 10 minutes. RNA was dissolved in 30 µl water and 
concentrations were estimated spectrophotometrically by a Nanodrop device (Thermo). 

SDS-PAGE and Western Blotting 

Proteins were separated on the basis of mass by electrophoresis in a polyacrylamide gel 
under denaturing conditions with sodium dodecyl sulphate (SDS-PAGE). Proteins in fractions 
from the glycerol gradient were denatured in 4x SDS-loading buffer by heating at 95°C for 7 
min. The denatured proteins were electrophoresed in a 12% polyacrylamide gel. Proteins 
were blotted onto PVDF membranes using a semidry electro blotter. For immunodetection, 
the membrane was blocked in TBST buffer containing 5% milk and 1% BSA for 1 h at RT. 
The primary antibody was diluted in TBST buffer containing 1% BSA and added to the 
membrane. The membrane was incubated with the primary antibody overnight at 4°C on a 
shaker. After incubation, the membrane was washed again three times for 5 min with TBST 
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buffer. The appropriate peroxidase-conjugated secondary antibody was diluted in TBST 
buffer and added to the membrane. The membrane was incubated with the secondary 
antibody at RT for 1 h and washed three times with TBST buffer. This step was followed by 
the standard enhanced chemiluminescence reaction (ECL system). 
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