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Principal Component Analysis for Bacterial

Proteomic Analysis

AKIRA OKAMOTO! YOSHIHIRO TAGUCHI'"

Data-mining technique is important for understanding biological phenotype with a
large-scale dataset derived from comprehensive analysis such as shotgun proteomics. We
attempted to illustrate differences of proteomic profiles among growth phase and cellular
fractionation in Bacillus cereus by principal component analysis (PCA). Total 10
proteins that of significance for biological phenotypes were picked by PCA analysis.

These results suggested that the PCA is useful tool for understanding proteomic analysis.
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F—H_R—=Z L L7z MASCOT 707 ML VREEZIT-T2. Zr 7 BEORE
WZOWTIE, 22 NI EDT X BREINCHIET 22 =—7 72 2 &L LORL
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Fig. 1. Principal component analysis. PCA with all identified proteins.
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Table 1. Result overview of shotgun proteomic analysis.

. identified identified False Identified
growth phase cell fraction experiment numbe.r of peptide number peptlde. Discovery Protein
name queries in real DB number in Ratio Number
decoy DB
M_SNT1 5,845 140 21 13.0% 37
supernatant M_SNT2 5,940 115 20 14.8% 39
M_SNT3 5,626 99 22 18.2% 38
M_INS1 7,892 2,468 91 3.6% 388
mid-log insoluble M_INS2 8,035 2,481 90 3.5% 388
M_INS3 7,847 2,429 93 3.7% 393
M_SOL1 8,433 3,265 103 3.1% 415
soluble M_SOL2 8,301 3,212 107 3.2% 506
M_SOL3 8,332 3,179 102 3.1% 497
L_SNT1 8,321 2,988 91 3.0% 229
supernatant L_SNT2 8,380 2,996 98 32% 227
L_SNT3 8,546 3,013 94 3.0% 229
L_INS1 9,888 3,898 132 33% 183
late-log insoluble L_INS2 9,845 3,693 119 3.1% 182
L_INS3 9,112 2,705 120 4.2% 153
L_SOL1 10,253 5,036 150 2.9% 387
soluble L_SOL2 10,434 5,050 146 2.8% 389
L_SOL3 10,473 5,067 162 3.1% 388
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FiE1) ® PCA Z1T\, D=2 TEHEIZ S (=18) FEOEBREZMODIAALTL & 2 5,
R FCHETEI P & BB o e ik B ki, AIAMEESY, REEVEE
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a, EFEOTND I ENbMND. ZOZ LI x, DREINVFEEREEZ LIZHHETH
52 EERBLTHD. BEMICEOKIZILEBETH 2002 R 572012515 2) D PCA
EATolze A, T APBoL " 7E (BEMICIE42) Bz o7 EDH%E
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Fig. 3. Picked-up proteins with PCA analysis. Proteins plot in PCA (a) and PCA plot with
four selected proteins (b).

©2011 Information Processing Society of Japan



THHALEL ST
IPSJ SIG Technical Report

ZOZEEMIICAGNTZ LS REREFMET L DORBEN 04504 N7 EHD
FEBTIEERESTWVWAZEEZBEERLTWS. M4a 22D 4 DD X 3T DIFLE
BAFEREMETLICK R L., PHEY, Z0400F 0 RIEOEGNFERBED
LTI T oM DO FEEREE L 1IN R TH o 7. BARAYIZIE, BCN0883, BCN0884,
BCN1287 A A¥EM: 57 H, BCN1648 1 EiE W ORI KE < FHFEHE L TWHRKF &
LCHifti s (F2). 2k LT, fEMESIZZ O 4500 T BHEFICH
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Fig. 4 Heatmap of the abundance (%emPAI) of four selected proteins in primary PCA (a),
and six selected proteins in secondary PCA (b).

FRTIE, TIAMEEASICE AR Z T R THDS I . DL R
LIORIIRD 4 DD X 2RI FEROTHORERD DI 21T > 72(K 5a). RO
&0 I L 7-fE 5%, BCN0359, BCNO0567, BCN1808 7% 5% %% H1 o> L% 4y i,
BCNO0100, BCNO114, BCNO0128 23554 F1 #i > A[ AL 4y OB BIIZ %7 5-F 5 KT & L
THHESN (£2), 206 2K #BELTHHEL) O PCA OFERIIEDLL R
WZ EBRbholz (X 5b). EEE, ETOERRRIZBITLID 6 2DOX U RIEDTF
EE (%emPAl) %X 4b (TR L7Z2S, ZH SIXEREEZ BRI+ 5 E MR s vy
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Table 2. Proteins that extracted as a main determinant in each experiment with PCA

analysis. Tag number; gene tag in genome analysis , SNT; supernatant fraction, INS;
insoluble fraction, and SOL; soluble fraction. ND, Not Detected.

CDS information

average %emPAI

¢ b deserinti mid-log late-log
Ag umber eseription SNT INS _ SOL SNT _INS _ SOL
BCNO0883 S-layer protein sap precursor 621 13.60 0.17 1.10 38.80 0.22
BCNO0884 S-layer protein EA1 0.99 0.09 ND 095 3472  0.07
BCN1287 phaP protein ND 0.63 ND ND 6.34 0.47
BCN1648 flagellin 35.18  0.65 0.82 19.25  0.08 2.86
BCNO0359 alkyl hydroperoxide reductase, subunit C ND 0.58 0.95 4.84 0.09 1.76
BCNO0567 alanine dehydrogenase ND 0.13 0.29 4.39 0.03 1.42
BCN1808 enterotoxin 0.81 ND ND 1242 0.01 0.05
BCNO0100 ribosomal protein L7/L12 3.54 4.09  16.00 0.21 0.17 7.27
BCNO0114 ribosomal protein S19 ND 0.35 6.80 ND ND 0.42
BCNO0128 ribosomal protein L30 ND 0.90 6.25 ND ND ND
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Fig. 5a. Secondaly PCA analysis. PCA plot without four selected protein in primary PCA

analysis (a) , and PCA plot with six selected proteins in secondary PCA (b).
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FERWA ALY, B LU 2RO EIEEM R, KOS EEEN %oz E
NOBGEBEFSICR T 5, FiGEy (D R0 8), mEtkEsy GiE s s
), MOTRERME®E S G - BE2 08, BLUOBEKRZ V7 BEEKR L)
B R AT B B S ST

XU OIZ, EIEEY & REERE S E TR OE Sy & R3 2 R e &2 o)
JBELELTHHEENTZ 45D NI BIZHOWTDEMFHRERIIUTO LI
Ezobhb.

BCNO0883, BCNO0884 L #fE D fx 7@ IZFF/ET % S-layer protein Toh 5. FEFEXR
R ECRE LB RBEATOHE U, BYE ISR W TEE E 0L B i Ekiiaic
L 2EENDORBECHIIEE S ~DOBE, 728 LU AW O MK RIFECB S LT
WHZENRBENTNST S ABFFEIC35 T BCNO8S3 1ZFFa8 T & 2 &IT A
LENDHOD, FRHEEZRYOREESE TREIZHFEL Tz

BCNI1648 1IHfE ¥ L /7 ETHDH. MEITMEMEOEEEICHFS L TRBY, i
KoLy AEERIERE (B. anthracis) OEHNZH AWV LN TV D EE 2RI
THDHC. AW TIRERTML LB T T EEPICR SN, ZOoMiamE
SEDBRINCHS LTV, X R ETEERICHNEBEL T X R ETH
LEEZONDD, ZOMEBEICBIT2HEY 7B LRk, FEREBAETOME
TR L BB IHE L, BE LERICREEREEBEZBND.

BCN1284 IRV b ReXx v 7 UEEOAERIZE D2 BEFHEIKICa—FEh
LHEUNIED—oTHLY, BRI Faxd 7 BOGKIE, vL Y 2AE%E
LD ETIHMOBEEEDIZB N THEINTEY, FHEMAEREIZHA TRHE
FWOREE L TCOREZHSTNDE SN TS, REEFEHI% B O SRFRBINE
T HEEORIEE LT, MOTRYTHIEELZLND.

Wi, FIAVEE Y & B AHT B 2 X BRI T B2, ERRO 4 oD & X
I EEERI MO X R ERTFOMEEZRAT. TOERMHINZ 6 2D X
7 BOMAEMFNRERIL, UTOX2IEILNS.

BCN0100, BCNO114, }UF BCNO128 1 ZFNFNYRY —bDYTa=y h &
NRIBETHD. TNSHDF R FITRICEERPYNC IS T D T 4 & BT T
LI E LT SN T, BEFYO X D ITIERITHEM L TW DS TIE, 5
EHRMO XS ICHIANKE L >oMIa L i L CH v Ry O EFER (X X8
DORETIER) PR LTWVWAEZ LERYTHY, TOEDICI R —aY T2
=y FDOZ R BEEPHEEDZ RV BRICEDDEENEL DL EELDL
no. oV Ry —bhTa=y hHURI7EDOEL L, BEEB LKL T2
VORI BICKT DEIGIIEET OGS NEL 2o TV D, AFEORE L LTHN,
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7z emPAl DFE L, /NS 2 R BOFBRELFHT S A EICH D720, %<
DVRY)—=LZRIEOFTHLIO3 OB EINZEBELOND.

LU AEIIEROZ T e hXRUUAERAELTEY, FTHREFERETL2R8T
FCIEINLOHRRENPEELTND L INTND &S5, BCNIB0 (XZDH D
U & D TH 5 non-hemolytic enterotoxin lytic component L2 & & W HIFEIME 2 /R T8 /=
FlZa— RENTWHM SO % 2> & 7 # IS 1 T2 OB T O FBLA
FEINDIILEPMEINTEY, ZOBEEBTOFEIEIL BB ZED I
(catabolite repression) Z il T2 L ¥ 2 L —& — & L /X7 H CepA IZ X - THEHEN
CHIB SN TS L) mEnRdH 5%

BCN0359 } UF BCN0567 X% #1% 41 alkyl hydroperoxide reductase (EC:1.11.1.15)}%
U\ alanine dehydrogenase (EC: 1.4.1.)TH Y, & b IZRBICHDLLI X I EHTH S,
IS DE R HIT B % W OB E FIEE S, K OVATEMEE S 2 W55
RT-&LTHHEn., REHCBEDDI X X7 ETH D20, MIROEFHIZEE D B
P ORFERNR S DEITHIS L THEADPFES NI WREELBEZAOND. MIAED
Z R E R ORR IR ONDBIBIE, 77 AEHEEICE W TR #
HanTws© Zofd s LT, Mootk ) Bk s o, SEoR
WIZEDbDTHDLEZLNTWD D, MIRENTE (E) oZnr o sg
MR EIERICHH SN TV D DT TR W & FEIEH 52T o Thigu,

FROLIIE, ZNENOERIELZRETT SR 7L LTt sz 10 @0
RIBIZDWT, EEFRBESIRTER EO L S AP Y RHHAE 2T 5
TENTERE. 2L 10EOZ 8T EIE, RISV TR EN L0 Z 2%
JEThHoTe. TNENORREEZFHBAAT 5 BT, BREOLZWZ R EHODL
EREWIEITAHATHDLEVZD. LALERS, RUKAFEREZEL CTHRELE
DE\NF X7 Td D BCNO108 (elongation factor Tu), BCN4565 (ribosomal protein
S4), BCNO0099 (ribosomal protein S4), BCN1870 (NLP/P60 family protein)72 & %, PCA
&0 ERBEZBHNTLEF L LT ShRgrote. b b, vay
T T e T — MRS R ORI D PCA OB MR RE SN, 5% DR
e LT, SOICERIEN X562 0 PCADBANIHEREL 2 2008 5 D Z/MGE
TOLENDD.

Wi LT T Y TIZBWTIE, mRNA & & VX7 BOFAERIE 1 %k 1SS
LTWEDITTIERY, &I ZERHLNIRs &M Brny v I ED
FHMMNRRDLT N, FHREDORLE L WE o RIE T L, FREITE
EENTF 722 VNI ESTWNIRBIELTCVWAZ ERENFEKFELTEZLLNL T
5. FERNAIWCEL T, Bl 37°COMmE 2 5850 FICH W CIEFITHEM L
TV 5 KIFH O mRNA ORIE, DT h 1 izt bhTtns® &6
W, KRB D 5 B E IS A 27287 7 U 7 OMifidi: mRNA OFEA R Z D) S &
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L%, ML (EFQIEERL TSI ZE 8 H5D) AMEHZETIET, B
T 2 E ) R o TnH EBbiLd. 20X 97, mRNA BT LA LFEAS
NTWARWH ORI A TR T 5= OI12IE, & 237 E OB 22 &N ER AT
RTHD. WEBITIZEV BT EINDEKRAET —ZIZH LT, PCA DL D e fif#r
TFIEEFME LT — 2~ A =0 T %1T->C, ARAZEEREREME T2 HNMNE
ThD.

BEXH

1) Vassileva M, Torii K, Oshimoto M, Okamoto A, Agata N, Yamada K, Hasegawa T, Ohta M.
"Phylogenetic Analysis of Bacillus cereus Isolates from Severe Systemic Infections Using
Multilocus Sequence Typing Scheme." Microbiol.Immunol.Vol.50, No.9, pp.743-749 (2009)

2) Kiyomizu K, Yagi T, Yoshida H, Minami R, Tanimura A, Karasuno T, Hiraoka A."Fulminant
septicemia of Bacillus cereus resistant to carbapenem in a patient with biphenotypic acute
leukemia." J Infect Chemother.Vol.14, No.5.pp.361-367 (2008)

3) Lee YL, Shih SD, Weng YJ, Chen C, Liu CE."Fatal spontaneous bacterial peritonitis and
necrotizing fasciitis with bacteraemia caused by Bacillus cereus in a patient with cirrhosis." J] Med
Microbiol.Vol.59, No.2.pp.242-244 (2010)

4) Ishii N, Nakahigashi K, Baba T, Robert M, Soga T, Kanai A, Hirasawa T, Naba M, Hirai K, Hoque
A, Ho PY, Kakazu Y, Sugawara K, Igarashi S, Harada S, Masuda T, Sugiyama N, Togashi T,
Hasegawa M, Takai Y, Yugi K, Arakawa K, Iwata N, Toya Y, Nakayama Y, Nishioka T, Shimizu K,
Mori H, Tomita M."Multiple high-throughput analyses monitor the response of E.coli to
perturbations." Science. Vol.316, No.5824.pp.593-597 (2007)

5) Ishihama Y, Oda Y, Tabata T, Sato T, Nagasu T, Rappsilber J, Mann M."Exponentially modified
protein abundance index (emPAI) for estimation of absolute protein amount in proteomics by the
number of sequenced peptides per protein." Mol Cell Proteomics.Vol.4, No.9.pp.1265-1272 (2005)

6) Shinoda K, Tomita M, Ishihama Y."emPAI Calc--for the estimation of protein abundance from
large-scale identification data by liquid chromatography-tandem mass spectrometry."
Bioinformatics.Vol.26, No.4.pp.576-577 (2010)

7) Kotiranta A, Haapasalo M, Kari K, Kerosuo E, Olsen I, Sorsa T, Meurman JH, Lounatmaa
K."Surface structure, hydrophobicity, phagocytosis, and adherence to matrix proteins of Bacillus
cereus cells with and without the crystalline surface protein layer." Infect Immun. Vol.66,
No.10.pp.4895-4902 (1998)

8) Kotiranta AK, Ito H, Haapasalo MP, Lounatmaa K."Radiation sensitivity of Bacillus cereus with
and without a crystalline surface protein layer." FEMS Microbiol Lett.Vol.179, No.2.pp.275-280
(1999)

9) Bergey’s manual of systemic bacteriology, second edition, Vol.3 (2009)

Vol.2011-BIO-26 No.6
2011/9/13

10) Ramsay BA, Lomaliza K, Chavarie C, Dubé B, Bataille P, Ramsay JA."Production of
poly-(beta-hydroxybutyric-co-beta-hydroxyvaleric) acids." Appl Environ Microbiol.Vol.26,
No.7.pp.2093-2098 (1990)

11) Lindbéack T, Fagerlund A, Redland MS, Granum PE."Characterization of the Bacillus cereus Nhe
enterotoxin." Microbiology.Vol.150, No.12. pp.3959-3967 (2004)

12) van der Voort M, Kuipers OP, Buist G, de Vos WM, Abee T."Assessment of CcpA-mediated
catabolite control of gene expression in Bacillus cereus ATCC 14579." BMC Microbiol.Vol.8.No.62.
(2008)

13) Gohar M, Gilois N, Graveline R, Garreau C, Sanchis V, Lereclus D."A comparative study of
Bacillus cereus, Bacillus thuringiensis and Bacillus anthracis extracellular proteomes."
Proteomics.Vol.5, No.14. pp.3696-3711 (2005)

14) Taniguchi Y, Choi PJ, Li GW, Chen H, Babu M, Hearn J, Emili A, Xie XS."Quantifying E.coli
proteome and transcriptome with single-molecule sensitivity in single cells." Science.Vol.329,
No0.5991.pp.533-538 (2010)

15) Schaechter M, Ingraham JL, Neidhardt FC., et.al. microbe. ASM Press. (2006)

©2011 Information Processing Society of Japan



