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A Gene organization of cbpG in S. pneumoniae TIGR4 and 19F_EF3030
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Figure S1. Genetic organization of cbpG in S. pneumoniae TIGR4 and 19F_EF3030.

(A) Chromosomal localization of the cbpG gene (sp_0390, EF3030_01920) shows a 99.6% homology. For the
homology search, BlastN and BlastP were used (http://blast.ncbi.nlm.nih.gov/Blast.cgi). Arrowheads indicate
the orientation of the genes. The Neural network predicted putative promoters (black arrowheads) by promotor
prediction program. The transcription termination signals are shown as loops.

(B) Schematic model of cbpG mutants constructed by insertion-deletion mutagenesis shows the erm or aad9
gene cassette insertion sites in the cbpG gene.
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Gene organization and comparison of sfp in S. pneumoniae TIGR4 and 19F_EF3030
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Figure S2. Genetic organization of sfp in S. pneumoniae TIGR4 and EF3030.
(A) Comparison of genome regions in TIGR4 sp_1946-sp_1959 with 19F EF3030_09485-EF3030_09505. The
sfp gene in TIGR4 sp_1954 is shown as a red arrow with 1404 nt, while in 19F EF3030, the sfp gene and 6
genes upstream are absent. The homologous analysis was done (Clustal Omega tool) to check whether the sfp
gene is located in a different gene locus in 19F. We found that the upstream genes sp_1947 (171 nt) and sp_1946
(864 nt) encoding the hypothetical protein and transcriptional regulator, respectively, are homolog (100.0%
identical) to the gene EF3030_09490, EF3030_09485. The genes sp_1957 and sp_1959 (light green) encoding
for an ABC transport system (ATP-binding protein) and nucleoside-diphosphate kinase were identical to
EF3030_09500 and EF3030_09505, respectively. Therefore, three genes downstream of sfp are missing in
EF3030. Arrowheads indicate the orientation of the gene, the predicted putative promoters (black arrowheads),
and the transcription termination signals are shown as loops.
(B) Schematic model of sfp mutants constructed by insertion-deletion mutagenesis shows the erm, aad9, or cat
genes cassette inserted in the sfp gene.
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A Gene organization of htrA in S. pneumoniae TIGR4 and 19F_EF3030
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Figure S3. Genetic organization of htrA in S. pneumoniae TIGR4 and 19F EF3030.

(A) The chromosomal localization of the htrA (high-temperature requirement gene: sp_2239 in TIGR4 and
EF3030_11105 in 19F). Gene and protein sequences show a 100.0% identity. The gene upstream of htrA
encodes for an rRNA subunit methyl-transferase. The downstream gene is annotated as ParB/RepB/Spo0J
family partition protein. Arrowheads indicate the gene's orientation, the predicted putative promoters (black
arrowheads), and the transcription termination signals are shown as loops.

(B) Schematic model of htrA mutants constructed by insertion-deletion mutagenesis in TIGR4 and 19F shows
the cat gene cassette inserted in the htrA gene sequence.



A Gene organization of prtA in S. pneumoniae TIGR4 and 19F_EF3030
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Figure S4. Genetic organization of prtA in S. pneumoniae in TIGR4 and 19F_EF3030.

(A) The chromosomal localization of the prtA gene encoding for the cell wall-associated serine protease
(sp_0641, EF3030_03025). Gene and protein sequences are 100.0% identical. In TIGR4, the gene downstream
of prtA is a pseudogene, while in 19F_EF3030_03030, the gene encodes for a PTS sugar transporter subunit.
The genes upstream of prtA (sp_0640, 246 nt., and sp_0639, 282 nt) in TIGR4 encode for hypothetical proteins.
19F _EF3030 shows different upstream genes compared to TIGR4; these genes are EF3030_03015 and
EF3030_03020, which encode for a hypothetical protein or UDP-galactopyranose mutase. Arrowheads indicate
the gene's orientation, the predicted putative promoters (black arrowheads), and the transcription termination
signals are shown as loops.

(B) Schematic model of prtA mutants constructed by insertion-deletion mutagenesis in TIGR4 and 19F shows
the ermB gene cassette inserted in the prtA gene sequence.
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Figure S5. Growth of pneumococcal serine protease mutants in different culture media

(A, B) S. pneumoniae 19F EF3030 wild-type and single isogenic mutants were cultured at 37°C in THY and
chemically defined medium (RPMImogi).

(C, D) 19F _EF3030 or its isogenic mutant lacking all serine proteases as well as TIGR4 wild-type and its SFP
positive triple mutant were grown in CDM without the essential amino acid solution I and I, supplemented
instead with 2% casein hydrolysate. Error bars represent SD (n = 4). The symbol "g" indicates the generation
time, calculated from four biological replicates. The data were statistically analyzed using a two-way ANOVA
analysis. L-amino acid I: alanine, asparagine acid, asparagine, glutamine acid, glycine, isoleucine,
leucine, lysine, proline, hydroxyproline, serine, valine, glutamine, and threonine. L-amino acid I11:
arginine, histidine, methionine, phenylalanine, tryptophan, and tyrosine.



Table S1. Growth rates of Streptococcus pneumoniae wild-type and isogenic mutants in THY and
RPMlImogi medium.

. Growth rate (u) in Growth rate (u) in

Pneumococcal strain THY [min(}ll]) RPM I o [m(#])_l]
19F EF3030 (wild type) 0.016 0.0031
19F EF3030AprtA 0.015 0.0030
19F EF3030AhtrA 0.017 0.0028
19F EF3030AchpG 0.016 0.0028
19F EF3030 (wild type) 0.0146 0.0045
19FAhtrAAcbpG (prtA+) 0.0149 0.0045
19FAprtAAcbpG (htrA+) 0.0176 0.0048
19FAprtAAhtrA (cbpG+) 0.0135 0.0041
19FAhtrAAcbpGAprtA (All proteases) 0.0142 0.0052
TIGR4Acps (wild type) 0.0099 0.018
TIGR4AcpsAhtrAAcbpGAsfp (prtA+) 0.0096 0.013
TIGR4AcpsAprtAAcbpGAsfp (htrA+) 0.0091 0.011
TIGR4AcpsAprtAAhtrAAsfp (cbpG+) 0.0090 0.009
TIGR4AcpsAhtrAAprtAAcbpG (sfp+) 0.0085 0.010
TIGRA4lux (wild type) 0.0119 0.0041
TIGR4luxAhtrAAcbpGAsfp (prtA+) 0.0123 0.0041
TIGR4luxAprtAAcbpGAsfp (htrA+) 0.0113 0.0041
TIGR4luxAhtrAAprtAAsfp (chpG+) 0.0081 0.0045
TIGR4luxAhtrAAprtAAcbpG (sfp+) 0.0083 0.0045

Table S2. Colony-forming units (CFU) of adherent pneumococci counted on blood agar plates
after 4 h of infection of Detroit-562 cells

Adherent bacteria CFU\mI
Pneumococcal strain per 2.5 x 10° cells

Mean = SD P-value
19F EF3030 (wild type) 1162 £ 928.4 -
19FAhtrAAcbpG (prtA+) 144.2 + 140.1 0,0162
19FAprtAAcbpG (htrA+) 154.8 + 1514 0,0162
19FAprtAAhtrA (cbpG+) 147.1 +175.3 0,0162
19FAhtrAAcbpGAprtA (non-function serine proteases ) 98.71 + 109.6 0,0040
TIGR4Acps (wild type) 4870 £ 1294 -
TIGRAACpsAhtrAACbpGAsfp (prtA+) 2365 + 1428 0.0591
TIGR4AcpsAprtAAcbpGAsfp (htrA+) 1491 + 1253 0.0294
TIGR4AcpsAprtAAhtrAAsfp (cbpG+) 1424 + 8630 0.0294
TIGR4AcpsAhtrAAprtAAcbpG (sfp+) 8307 + 2650 0.0294

*P value less than 0.05 was taken as statistically significant.
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Table S3. Colony-forming units (CFU) from nasopharyngeal lavage counted on blood agar

plates

CFU\mI in the nasopharyngeal lavage

Pneumococcal strains Median P- Median P- Median P Median P
Day?2 | value | Day3 | value | Day7 vaI;Je Day 14 vaI[Je
19F EF3030 (wild type) | 291000 210000 147000 23300
19FAhtrAAchpG (prtA+) 31700 0,0004 | 27600 0,0004 | 25800 0,0005 | 7070 0,0163
19FAprtAAcbpG (htrA+) 53700 0,0025 | 69200 0,0153 | 25200 0,0009 | 9950 0,0630
19FAprtAAhtrA (cbpG+) 21600 0,0005 | 16700 0,0003 | 20000 0,0009 | 6060 0,0066
19FAhtrAAcbpGAprtA 33800 0,0005 | 35400 0,0012 | 36000 0,0081 | 1860 0,0015

*P value less than 0.05 was taken as statistically significant.

Table S4. Colony-forming units from bronchoalveolar lavage counted on blood agar plates

CFU\ml in the nasopharyngeal wash

Pneumococcal strain Median P- Median P- Median p Median p
Day2 | value | Day3 | value | Day7 vaI;Je Day 14 vaI[Je
19F EF3030 (wild type) | 564,0 1795 6408 33,00
19FAhtrAAcbpG (prtA+) 15,00 0,1443 | 215,8 0,5753 | 30,00 0,0040 | 1,000 0,7819
19FAprtAAchpG (htrA+) | 1750 | 0,8510 | 50,00 | 0,0224 | 16,65 | 0,0852 | 233,0 | 0,5841
19FAprtAAhtrA (cbpG+) 207,0 0,4327 | 108,0 0,1916 | 133,0 0,0733 | 1,000 0,0370
19F AhtrAAcbpGAprtA 1240 0,8813 | 425,0 0,6815 | 1,000 0,0911 | 1,000 0,0156

*P value less than 0.05 was taken as statistically significant.




1 Pneumococcal serine protease amino acid sequences

1.1 HtrA amino acid sequences of S. pneumoniae sp_2239 in TIGR4 and EF3030_11105 in 19F
proteins are identical (protein accession no. AAK76286.1 and QBF69928.1). The signal
peptide sequence (31 aa) is marked in blue, the serine protease catalytic domain (182 aa)
position 96-277 is marked in red, PDZ domain (87 aa) position 289-375 is marked in green.

MKHLKTFYKKWFQLLVVIVISFFSGALGSFSITQLTQKSSVNNSNNNSTITQTAYKNENSTTQAVNKVKDAVVSVITYSAN
RQONSVFGNDDTDTDSQR ISSEGSGV I YKKNDKEAY IVTNNHV INGASKVD IRLSDGTKVPGE IVGADTFSDIAVVKISSEK
VTTVAEFGDSSKLTVGETAITAIGSPLGSEYANTVTQGIVSSLNRNVSLKSEDGQAISTKAIQTDTAINPGNSGGPLINIQG
QVIGITSSKIATNGGTSVEGLGFATPANDAINT TEQLEKNGKVTRPALGIQMVNLSNVSTSD IRRLNIPSNVTSGVIVRSV
QSNMPANGHLEKYDVITKVDDKEITASSTDLQSALYNHSIGDTIKITYYRNGKEETTSIKLNKSSGDLES

1.2 PrtA amino acid sequences of S. pneumoniae sp_0641 in TIG4 and EF3030_03025 in 19F
proteins are identical (protein accession no. AAK74791.1 and QBF68585.1). The signal
peptide sequence (27 aa) is marked in blue, the serine protease catalytic domain (542 aa)
position 223-764 is marked in red, DUF 1034 domain (140 aa) position 795-934 is marked
in green. The C-terminal LPKTG anchoring motif (42) is marked in yellow.

MKKSTVLSLTTAAVILAAYAPNEVVLADTSSSEDALN I SDKEKVAENKEKHEN IHSAMETSQDFKEKKTAV IKEKEVVSK
NPV IDNNTSNEEAK IKEENSNKSQGDYTDSFVNKNTENPKKEDKVVY I AEFKDKESGEKATKELSSLKNTKVLYTYDRIF
NGSAIETTPDNLDKIKQIEGISSVERAQKVQPMMNHARKE IGVEEAIDYLKS INAPFGKNFDGRGMV ISNIDTGTDYRHK
AMR IDDDAKASMRFKKEDLKGTDKNYWLSDKIPHAFNYYNGGK ITVEKYDDGRDYFDPHGMHIAG I LAGNDTEQD IKNFN
GIDGIAPNAQIFSYKMYSDAGSGFAGDETMFHAIEDS I KHNVDVVSVSSGFTGTGLVGEKYWQATRALRKAG IPMVVATG
NYATSASSSSWDLVANNHLKMTDTGNVTRTAAHEDATAVASAKNQTVEFDKVNIGGESFKYRNIGAFFDKSKITTNEDGT
KAPSKLKFVY IGKGQDQDL I GLDLRGKTAVMDR I'YTKDLKNAFKKAMDKGARAIMVVNTVNYYNRDNWTELPAMGYEADE
GTKSQVFSI1SGDDGVKLWNMINPDKKTEVKRNNKEDFKDKLEQYYP IDMESFNSNKPNVGDEKE IDFKFAPDTDKELYKE
DITVPAGSTSWGPRIDLLLKPDVSAPGKN IKSTLNVINGKSTYGYMSGTSMATP IVAASTVL IRPKLKEMLERPVLKNLK
GDDKIDLTSLTKIALONTARPMMDATSWKEKSQYFASPRQQGAGL INVANALRNEVVATFKNTDSKGLVNSYGSISLKEI
KGDKKYFT IKLHNTSNRPLTFKVSASAI TTDSLTDRLKLDETYKDEKSPDGKQ I'VPE IHPEKVKGANITFEHDTFT 1GAN
SSFDLNAVINVGEAKNKNKFVESF IHFESVEEMEALNSNGKK INFQPSLSMPLMGFAGNWNHEP I LDKWAWEEGSRSKTL
GGYDDDGKPKIPGTLNKG IGGEHG I DKFNPAGV IQNRKDKNTTSLDQNPELFAFNNEG INAPSSSGSKTANTYPLDSNGN
PQDAQLERGLTPSPLVLRSAEEGLISTVNTNKEGENQRDLKV ISREHFIRGILNSKSNDAKG IKSSKLKVWGDLKWDGL1
YNPRGREENAPESKDNQDPATKIRGQFEP IAEGQYFYKFKYRLTKDYPWQVSY IPVKIDNTAPKIVSVDFSNPEKIKLIT
KDTYHKVKDQYKNETLFARDQKEHPEKFDE IANEVWYAGAALVNEDGEVEKNLEVTYAGEGQGRNRKLDKDGNT I YEIKG
AGDLRGKIIEVIALDGSSNFTKIHRIKFANQADEKGMISYYLVDPDQDSSKYQKLGE IAESKFKNLGNGKEGSLKKDTTG
VEHHHQENEES IKEKSSFT IDRNIST IRDFENKDLKKL I KKKFREVDDFTSETGKRMEEYDYKYDDKGN I IAYDDGTDLE
YETEKLDE IKSK1YGVLSPSKDGHFE ILGK1SNVSKNAKVYYGNNYKSIEIKATKYDFHSKTMTFDLYANIND 1 VDGLAF
AGDMRLFVKDNDQKKAE IK1RMPEKIKETKSEYPYVSSYGNV IELGEGDLSKNKPDNLTKMESGKTYSDSEKQQYLLKDN
1 1LRKGYALKVTTYNPGKTDMLEGNGVYSKED IAK1QKANPNLRALSETTI'YADSRNVEDGRSTQSVLMSALDGFNI IRY
QVFTFKMNDKGEA IDKDGNLVTDSSKLVLFGKDDKEYTGEDKFNVEAIKEDGSMLFIDTKPVNLSMDKNYFNPSKSNK1Y
VRNPEFYLRGK1SDKGGFNWELRVNESVVDNYL1YGDLHIDNTRDFN IKLNVKDGD IMDWGMKDYKANGFPDKVTDMDGN
VYLQTGYSDLNAKAVGVHYQFLYDNVKPEVN IDPKGNTSIEYADGKSVVFN INDKRNNGFDGE IQEQHTY INGKEYTSFN
DIKQIIDKTLNIKIVVKDFARNTTVKEF ILNKDTGEVSELKPHRVTVTIQNGKEMSST IVSEEDF 1 LPVYKGELEKGYQF
DGWE 1 SGFEGKKDAGYV INLSKDTF IKPVFKK 1EEKKEEENKPTFDVSKKKDNPQVNHSQLNESHRKEDLQREEHSQKSD
STKDVTATVLDKNNISSKSTTNNPNKLPKTGTASGAQTLLAAGIMFIVGIFLGLKKKNQD
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1.3 SFP amino acid sequences of S. pneumoniae sp_1954 in TIGR4 (protein accession number
ABC75782.1). The signal peptide sequence (22 aa) is marked in blue, the serine protease
catalytic domain (295 aa) position 167-461 is marked in red

MKKKYWTLAITLFFCLENNSVTAQE IPKNLDGNITHTQTSESFSESDEKQVDYSNKNQEEVDQNKFRIQIDKTELFVTTDKH
LEKNCCKLELEPQINND I'VNSESNNLLGEDNLDNK IKENVSHLDNRGGN IEHDKDNLESS IVRKYEWD IDKVTGGGESYKL
YSKSNSKVSITAILDSGVDLQNTGLLKNLSNHSKNYVPNKGYLGKEEGEEG I 1SD1QDRLGHGTAVVAQIVGDDN INGVNPH
VNINVYRIFGKSSASPDWIVKATFDAVDDGND I INLSTGQYLMIDGEYEDGTNDFETFLKYKKATDYANQKGV I 1VAALGN
DSLNVSNQSDLLKL ISSRKKVRKPGLVVDVPSYFSST I SVGG IDRLGNLSDFSNKGDSDATYAPAGSTLSLSELGLNNFIN
AEKYKEDWIFSATLGGYTYLYGNSFAAPKVSGATAMI IDKYKLKDQPYNYMFVKKFWKKHYQ

1.4 CbpG amino acid sequences of S. pneumoniae sp_0390 in TIGR4 and EF3030_01920 in 19F
protein are highly homologous in TIGR4 and 19F (protein accession no. AAK74556.1 and
QBF69943.1). The trypsin-like serine protease catalytic domain (184 aa) position 14-197 is
marked in red, the repeats of the CBM (CW1 position 207-221), (CW2 position 226-245),
and (CWa3 position 246-265) are marked in orange. At the C-terminal region (in light blue,
position 267-285), it is probably involved in binding to choline resides of teichoic acids.

MVLSKYYGVADGMNVEGRGSANF IKDNVL I TAAHNYYRHDYGKEADD I YVLPAVSPSQEPFGK I KVKEVRYLKEFRNLNSK
DAREYDLALL ILEEP 1GAKLGTLGLPTSQKNLTGITVT ITGYPSYNFK IHQMYTDKKQVLSDDGMFLDYQVDTLEGSSGST
VYDASHRVVGVHTLGDGANQ INSAVKLNERNLPF 1'YSVLKGYSLEGWKK INGSWYHYRQHDKQ NN
I TDWQKVNGKWYYLNSNGAMVTGSQT IDGKVYNFASSGEWI
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TIGR4 and 19F_EF3030 HtrA protein sequence alignment
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TIGR4 and 19F_EF3030 PrtA protein sequence alignment
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SKDTEEKKTT I LEEKEVVSKNPV IDTKTSNEEAK IKEENSNKSQGDHTDSFVNKNTENPK

*-x - - -k -

KEDKVVY IAEFKDKESGEKAITKELSSLKNTKVLYTYDRIFNGSAIETTPDNLDKIKQIEG
KEDKVVY IAEFKDKESGSKAITKELSSLKNTKVLYTYDRIFNGGAIETTQDNLNKIKQIEG

*xhk -

I1SSVERAQKVQPMMNHARKE IGVEEAIDYLKS INAPFGKNFDGRGMV ISNIDTGTDYRHK
ITSVERAQKVQPMMNHARKE IGVEEAIDYLKS INAPFGKNFDGRGMV ISNIDTGTDYRHK
* -

AMR IDDDAKASMRFKKEDLKGTDKNYWLSDK IPHAFNYYNGGK I TVEKYDDGRDYFDPHG
AMR IDDDAKASMRFKKEDLKGTDKNYWLSDK I PHAFNYYNGGK 1 TVEKYDDGRDYFDPHG

AEEAEXEETEAAXAAXAEAAXAAAXAAXAAXAAXAAXAAAXAAXAXAAXAAXAAAXAAAXAAXAAAXAALAXAALAAAXAX*X

MHIAGILAGNDTEQD IKNFNGIDG IAPNAQIFSYKMYSDAGSGFAGDETMFHAIEDS IKH
MHIAGILAGNDTEQD IKNFNG DG IAPNAQ I FSYKMYSDAGSGFAGDETMFHATEDS I1KH

AEEAEXEETEAAXAEAAA AKX AAXAAXAAXAXAXAAXAAAXAAXAAAXAAXAAAXAAAXAAXAAAXAALAXAALAAAXAA*X

NVDVVSVSSGFTGTGLVGEKYWQAIRALRKAG IPMVVATGNYATSASSSSWDLVANNHLK
NVDVVSVSSGFTGTGLVGEKYWQATRALRKAG IPMVVATGNYATSASSSSWDLVANNHLK

AEEAEXEETEAAXAAAEAAXTAAXAAXAAXAAXAAXAAAXAAXAAAXAAXAAAXAAAAAXAAAXAALAXAALAAAXAX*X

MTDTGNVTRTAAHEDAIAVASAKNQTVEFDKVN IGGESFKYRNIGAFFDKSKITTNEDGT
MTDTGNVTRTAAHEDA TAVASAKNQTVEFDKVNIGGESFKYRNIGAFFDKNKITTNEDGT

AEXEAEXEEXEAAXLAEAXAEAAXAAAXAAXAAXAAXAXAAXAAXAXAAXAAAXAAXAAAXAAAAAXAXAAXK KAk hiAhhik

KAPSKLKFVY IGKGQDQDL I GLDLRGK IAVMDR1YTKDLKNAFKKAMDKGARAIMVVNTV
KAPSKLKFVY IGKGQDQDL IGLDLRGK IAVMDR I YTKDLKNAFKKAMDKGARAIMVVNTV

AEEAEXEEXEAAXAAXAAXTAAXAAXAAXAXAXAAXAAAXAAXAAAXAAXAAAXAAAAAXAAAXAALAXAALAAAXAX*X

NYYNRDNWTELPAMGYEADEGTKSQVFS 1 SGDDGVKLWNMINPDKKTEVKRNNKEDFKDK
NYYNRDNWTELPAMGYEADEGTKSQVFS 1SGDDGVKLWNMINPNKKTEVKRNNKEDFKDK

AEXEAEXEEAEAAXAEAAEAAXTAAXAAXAAXAXAXAAXAAXAXAAXAAAXAAXAAAXAAKXN - AXxXAXAALAAALAAAdAhxx

LEQYYP IDMESFNSNKPNVGDEKE IDFKFAPDTDKELYKED I 'VPAGSTSWGPRIDLLLK
LEQYYP IDMESFNSNKPNVGDEKE I DFKFAPDTDKELYKED I IVPAGSTSWGPR IDLLLK

AEXEAEXEETEAAXAEAXAEA AKX AAXAAXAAXAXAXAAXAAAXAAXAAAXAAXAAAXAAAAAXAAAXAALAXAALAAAXAA*X

PDVSAPGKNIKSTLNVINGKSTYGYMSGTSMATP IVAASTVL IRPKLKEMLERPVLKNLK
PDVSAPGKNIKSTLNVINGKSTYGYMSGTSMATP IVAASTVL IRPKLKEMLERPVLKNLK

GDDKIDLTSLTKIALQNTARPMMDATSWKEKSQYFASPRQQGAGL INVANALRNEVVATF
GDDKIDLTSLTKIALQNTARPMMDATSWKEKSQYFASPRQQGAGL INVANALRNEVVATF

KNTDSKGLVNSYGS ISLKE IKGDKKYFT IKLHNTSNRPLTFKVSASAITTDSLTDRLKLD
KNTDSKGLVNSYGS I SLKE IKGDKKYFT IKLHNTSNRPLTFKVSASAITTDSLTDRLKLD

ETYKDEKSPDGKQIVPEIHPEKVKGANITFEHDTFT IGANSSFDLNAV INVGEAKNKNKF
ETYKDEKSPDGKQIVPEITHPEKVKGANITFEHDTFT I GANSSFDLNAV INVGEAKNKNKF

60
60

120
120

180
180

240
240

300
300

360
360

420
420

480
480

540
540

600
600

660
660

720
720

780
780

840
840

900
900
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sp_0641T1G4

VESF IHFESVEEMEALNSNGKK INFQPSLSMPLMGFAGNWNHEP I LDKWAWEEGSRSKTL
VESFIHFESVEEMEALNSNGKK INFQPSLSMPLMGFAGNWNHEP I LDKWAWEEGSRSKTL

AEEAEXEAETEAAEAAAEAAXAAAXAAXAAXAXAXAAXAAAXAAXAAAXAAXAAAXAAAAAXAXAAXAALAXAALAAAXAA*X

GGYDDDGKPKIPGTLNKG IGGEHG I DKFNPAGY IQNRKDKNTTSLDQNPELFAFNNEGIN
GGYDDDGKPKIPGTLNKG IGGEHG IDKFNPAGV IQNRKDKNTTSLDQNPELFAFNNQGIN

AEEAEXEETEAAXAAEAAXAAAEAAXAAAXAXAXAAXAAAXAAXAAAXAAXAAAXAAAAAXAAAXAAAXAAAXKX - Kdk*k

APSSSGSKIAN1YPLDSNGNPQDAQLERGLTPSPLVLRSAEEGL ISIVNTNKEGENQRDL
APSSSGSKIANTYPLDSNGNPQDAQLERGLTPSPLVLRSAEEGL ISTVNTNKEGENQRDL

AEXEAEXEEXEAAXAEAXAEAAXAAAXAAXEAAXAXAXAAXAAAXAAXAAAXAAXAAAXAAAXAAXAAAXAALAXAALAAAXAA*X

KV ISREHF IRG I LNSKSNDAKG I KSSKLKVWGDLKWDGL ' YNPRGREENAPESKDNQDPA
KVISREHF IRG I LNSKSNDAKG IKSSKLKVWGDLKWDGL I YNPRGREENAPESKDNQDPA

AEXEAEXEETEAAXAAAAAXTAAXAAXAAXAXAXAAXAAAXAAXAAAXAAXAAAXAAAXAAXAAAXAALAXAALAAAXAA*X

TKIRGQFEP IAEGQYFYKFKYRLTKDYPWQVSY IPVKIDNTAPKIVSVDFSNPEKIKLIT
TKIRGQFEP IAEGQYFYKFKYRLTKDYPWQVSY IPVKIDNTAPKIVSVDFSNPEKIKLIT

KDTYHKVKDQYKNETLFARDQKEHPEKFDE IANEVWYAGAALVNEDGEVEKNLEVTYAGE
KDTYHKVKDQYKNETLFARDQKEHPEKFDE IANEVWYAGAALVNEDGEVEKNLEVTYAGE

GQGRNRKLDKDGNT I YEIKGAGDLRGK I IEVIALDGSSNFTKIHR IKFANQADEKGMISY
GQGRNRKLDKDGNT I YEIKGAGDLRGK 1 IEVIALDGSSNFTKIHRIKFANQADEKGMISY

YLVDPDQDSSKYQKLGE IAESKFKNLGNGKEGSLKKDTTGVEHHHQENEES IKEKSSFTI
YLVDPDQDSSKYQKLGE IAESKFKNLGNGKEGSLKKDTTGVEHHHQENEES IKEKSSFTI

DRNISTIRDFENKDLKKL IKKKFREVDDFTSETGKRMEEYDYKYDDKGN I IAYDDGTDLE
DRNISTIRDFENKDLKKL I KKKYKEEDDFVT-GGKRTVELDYKYDDKGNITAYEDESALE

- =% *k*k - *xxk * FEhIxhkIkikkkkhk KX -k - Kk

YETEKLDE IKSK1YGVLSPSKDGHFE ILGKISNVSKNAKVYYGNNYKSIEIKATKYDFHS
YETEKFDEIKSKI1YGVLSPSKDGHFE I LGKISNVSKNAKVYYGNNYKFIEIKATKYDSHS

*x

KTMTFDLYANIND 1 VDGLAFAGDMRLFVKDNDQKKAE IKIRMPEKIKETKSEYPYVSSYG
KTMTFDLYANIND I VDGLAFAGDMRFFVKDDDR IKAETKIRMPEKNKETKAEYPYVSSYG

AEXEAXEAXEAAXEAXAXAXAAXAAXAAAXA AKX - AXkkKh=-k= *kk *AXxkxhkkh dhdxk-kkhkhiAhihik

NV IELGEGDLSKNKPDNLTKMESGK1YSDSEKQQYLLKDNI ILRKGYALKVTTYNPGKTD
NV IELGEGDLSKNKPDNLTKMESGK1YSDSEKQQYLLKDN I ILRKGYALKVTTYNPGKTD

AEEAEXEETEAXAAAEA AKX AAXAAXAAXAAXAAXAAAXAAXAAAXAAXAAAXAAAAAXAAAXAALAXAAAAAXAA*X

MLEGNGVYSKED IAKIQKANPNLRALSETT I YADSRNVEDGRSTQSVLMSALDGFNI IRY
MLEGNGVYSKED IAKTIQKANPNLRVLSETT I YADSRNVEDGRSTQAVLMSALDGFNI IRY

AEXEAXELXEAAXEAXAXAAXAAXAAXAAAXAA AAXEAAXAXAAAXAAXAAAXAAAXAKX - kA XhAAhALAAhAiAhhik

QVFTFKMNDKGEA I DKDGNLVTDSSKLVLFGKDDKEYTGEDKFNVEAIKEDGSMLFIDTK
QVFTFKMNDKGEAIDKDGNLVTDSSKLVLFGKDDKEYTGEDKSNVEAIKEDGSMLFIDTK

AEXEAXEEXEAAXAEAXAEXAAXTAAXAAXAAXAAXAAXAAAXAALAAAXAAXAXAAXKX KA XAAAXAALAAALAAhAiAdxAhih

PVNLSMDKNYFNPSKSNK1YVRNPEFYLRGK I SDKGGFNWELRVNESVVDNYL1YGDLHI
PVNLSMDKNYFNPSKSNK1TYVRNPEFYLRGK I SDKGGFNWELRVNESVVDNYLI1YGDLHI

AEEAEXEETEAAXAAXAEAAXTAAXAAXAAXAAXAXAAXAAAXAAXAAAXAAXAAAXAAAAAXAAAXAALAXAALAAAXAA*X

DNTRDFN IKLNVKDGD IMDWGMKDYKANGFPDKVTDMDGNVYLQTGYSDLNAKAVGVHYQ
DNTRDFN IKLNVKDGD IMDWGMKDYKANGFPDKVTDMDGNVYLQTGYSDLNAKAVGVHYQ

AEEAEXEETEAAXAAAEAAXTAAXAAXAAXAAXAAXAAAXAAXAAAXAAXAAAXAAAXAAXAAAXAALAXAALAAAXAXX

FLYDNVKPEVNIDPKGNTSIEYADGKSVVFN INDKRNNGFDGEI1QEQHITY INGKEYTSFN
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1140
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1260
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1440
1439
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1499
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1559
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1619
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1799
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Supplementary Material

EF3030_03025 FLYDNVKPEVN IDPKGNTS IEYADGKSVVFN INDKRNNGFDGE IQEQH I YVNGKEYTSFD 1919
sSp_0641TIG4 DIKQI IDKTLNIKIVVKDFARNTTVKEF I LNKDTGEVSELKPHRVTVTIQNGKEMSST IV 1980
EF3030_03025 DIKQITDKTLNIKIVVKDFARNTTVKEF ILNKDTGEVSELKPHRVTVTIQNGKEMSST 1V 1979
AEEEAE AEAEXAXAAAXTAAXAAXAAXAAAXAAXAAAXAAXAXAAXAAXAAAXAAAAAXAAAXAALAXAALAAAXAX*X
sp_0641TIG4 SEEDFILPVYKGELEKGYQFDGWE I SGFEGKKDAGYV INLSKDTFIKPVFKKIEEKKEEE 2040
EF3030_03025 SEEDF I LPVYKGELEKGYQFDGWE I SGFEGKKDAGYV INLSKDTF IKPVFKK IEEKKEEE 2039
AEEAEXEEAEAAEAAAEA AKX AAXAAXAAXAAXAAXAAAXAAXAAAXAAXAAAXAAAXAAXAAAXAAAXAALAAAXAX*X
sp_0641TIG4 NKPTFDVSKKKDNPQVNHSQLNESHRKEDLQREEHSQKSDSTKDVTATVLDKNNISSKST 2100
EF3030_03025 NKPTFDVSKKKDNPQVNHSQLNESHRKEDLQREDHSQKSDSTKDVTATVLDKNNISSKST 2099
sp_0641TIG4 TNNPNKLPKTGTASGAQTLLAAGIMFIVGIFLGLKKKNQD 2140
EF3030_03025 TNNPNKLPKTGTASGAQTLLAAGIMFIVGIFLGLKKKNQD 2139

14



TIGR4 and 19F_EF3030 CbpG protein sequence alignment

sp_0390
EF3030_01920

sp_0390
EF3030_01920

sp_0390
EF3030_01920

sp_0390
EF3030_01920

sp_0390
EF3030_01920

MVLSKYYGVADGMNVEGRGSANF IKDNVL I TAAHNYYRHDYGKEADD I YVLPAVSPSQEP
———————————— MNVEGRGSANF IKDNVL ITAAHNYYRHDYGKEADD 1 YVLPAVSPSQEL

AEXEAXEAIXEAAXEAIAXAAXAAAXAXAAXAAAXAAXAAAXAAAXAAAAAXAAAXAAXAx*x

FGKIKVKEVRYLKEFRNLNSKDAREYDLALLILEEPIGAKLGTLGLPTSQKNLTGITVTI
FGKIKVKEVRYLKEFRNLNSKDAREYDLALLILEEP IGAKLGTLGLPTSQKNLTGITVTI

AEEAEXEETEAAEAAAA AKX AAXAAXAAXAAXAAXAAAXAAXAAAXAAXAAAXAAAXAAXAAAXAALAXAALAAAXAX*X

TGYPSYNFKIHQMYTDKKQVLSDDGMFLDYQVDTLEGSSGSTVYDASHRVVGVHTLGDGA
TGYPSYNFKIHQMYTDKKQVLSDDGMFLDYQVDTLEGSSGSTVYDASHRVVGVHTLGDGA

AEEAEXEETEAAEAEAAEA AKX AAXAAXAAXAXAXAAXAAAXAAXAAAXAAXAAAXAAAAAXAAAXAALAXAALAAAXAX*X

NQINSAVKLNERNLPFIYSVLKGYSLEGWKKINGSWYHYRQHDKQTGWQE INDTWYYLDS
NQINSAVKLNERNLPF1YSVLKGYSLEGWKKINGSWYHYRQHDKQTGWQEINDTWYYLDS

AEXEAEXEETEAAXAEAAEAAXTAAXAAXAAXAXAXAAXAAAXAAXAAAXAAXAAAXAAAAAXAAAXAALAXAALAAAXAX*X

SGKMLTDWQKVNGKWYYLNSNGAMVTGSQT IDGKVYNFASSGEWI 285
SGKMLTDWQKVNGKWYYLNSNGAMVTGSQT IDGKVYNFASSGEWI 273

60

120
108

180
168

240
228

15



	Table S1. Growth rates of Streptococcus pneumoniae wild-type and isogenic mutants in THY and RPMImodi medium.
	Table S2. Colony-forming units (CFU) of adherent pneumococci counted on blood agar plates after 4 h of infection of Detroit-562 cells
	Table S3. Colony-forming units (CFU) from nasopharyngeal lavage counted on blood agar plates
	Table S4. Colony-forming units from bronchoalveolar lavage counted on blood agar plates
	1 Pneumococcal serine protease amino acid sequences
	1.1 HtrA amino acid sequences of S. pneumoniae sp_2239 in TIGR4 and EF3030_11105 in 19F proteins are identical (protein accession no. AAK76286.1 and QBF69928.1). The signal peptide sequence (31 aa) is marked in blue, the serine protease catalytic doma...
	1.2 PrtA amino acid sequences of S. pneumoniae sp_0641 in TIG4 and EF3030_03025 in 19F proteins are identical (protein accession no. AAK74791.1 and QBF68585.1). The signal peptide sequence (27 aa) is marked in blue, the serine protease catalytic domai...
	1.3 SFP amino acid sequences of S. pneumoniae sp_1954 in TIGR4 (protein accession number ABC75782.1). The signal peptide sequence (22 aa) is marked in blue, the serine protease catalytic domain (295 aa) position 167-461 is marked in red
	1.4 CbpG amino acid sequences of S. pneumoniae sp_0390 in TIGR4 and EF3030_01920 in 19F protein are highly homologous in TIGR4 and 19F (protein accession no. AAK74556.1 and QBF69943.1). The trypsin-like serine protease catalytic domain (184 aa) positi...


