Journal of Bacteriology and Virology 2015. Vol. 45, No.1 p.36-43

http://dx.doi.org/10.4167/jbv.2015.45.1.36

Original Article

Prediction of Nuclear Targeting Proteins with Nuclear Localization
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Nuclear targeting of bacterial proteins in host cells and subsequent interaction with nuclear molecules are an emerging

pathogenic mechanism of bacteria. In this study, we predicted the nuclear targeting proteins with nuclear localization

signals (NLSs) in Staphylococcus aureus using bioinformatic analysis. A total of 51 proteins of S. aureus, comprising

of 24 functional and 27 hypothetical proteins, were predicted to carry putative NLSs. Among them, B-lactamase and

MsrtR proteins with the putative NLSs were selected to determine the nuclear targeting in host cells. Fusion proteins of

BlaZ-green fluorescent protein (GFP) were evenly distributed in the nuclei of host cells and subsequently induced host

cell death. However, fusion proteins of MsrR-GFP were not localized in the nuclei of host cells In conclusion, screening

of nuclear targeting proteins with NLSs and determination of their pathology in host cells may open up the new field of

S. aureus pathogenesis.
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Table 1. Prediction of NLS sequences in functional proteins of S. aureus

ggg?sz?cl)(n No. Protein (No. of amino acid) Putative NLS sequences
90022 508 ribosomal protein L23 (91) 7»NKRRK 74
A89954 Acetyl-CoA carboxylase transferase (285) oKKKKYL 3
AAA26683.1 Acetyltransferase (219) 20sLKRKRKL, 4
C90070 Alkaline phosphatase III precursor (474) 303 KKLQKLLKK 49;
AAN71837.1 BacG-like protein (331) LRKKKLg
AY369345 Beta-lactamase (179) 136 KKIKKRLKK ;44
AAL00934.1 Cell surface elastin binding protein (486) 53QRRKRRR5y
D89918 Dihydrolipoamide succinyltransferase (422) 231RKRKKE34
BAAO01369.1 DNA gyrase B (644) 10sGGKFGGGG 5
A89927 Elastin binding protein (486) 53QRRKRRR5y
BAD72834.1 Enoyl-ACP reductase (243) 3]RKERSRKE:g
NP_932197.1 Farl (213) os KKVKKIKIP 4
B90054 Gluconate permease (452) 203MRKRKM 95
BAA24009.1 Integrase (354) 120KIPKRRK ;56
AAQ55244.1 MobaA (330) 25oRREKIKRD)s9
Q7BHL7 Regulatory protein MsrR (327) 51 KRKKKKK,;
AAF24086.1 Resolvase (205) 121RKKIKER 57
CAD91929.1 Ribonuclease R (790) 747GRKKKGK Q734
F89870 Serine proteinase HtrA (769) 1sRKRRE ¢
AALS58470.1 Serine-threonine rich antigen (2283) 26sRKKKKD5573
AAQ17171.1 Tn552 transposase (480) 1sKRKKAIQKY >,
AAQ17141.1 TraK (546) 45oKRKKNQys7
AAF05840.1 Trans-2-enoyl-ACP reductase (256) 19RKERSRKE
P26839 Virginiamycin A acetyltransferase (219) 20sLKRKRKL, 4
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Table 2. Prediction of NLS sequences in hypothetical proteins of S. aureus

ggg?sz?cl)(n No. Protein (No. of amino acid) Putative NLS sequences

AAF24090.1 AF117259 2 unknown (190) 17sLKRKRMKL g,

AAF81096.1 Putative undecaprenol kinase (291) 90QRRSKPRRy;

B89867 Hypothetical protein appF (326) 3 KKLRKSRQq

QQSA4E Hypothetical protein C-403 (403) 200KKRRESLKEj,

B89921 Hypothetical protein ebhA (6713) 6612PKRRRKE 65

YP 025317.1 Hypothetical protein pE194p1 (403) 20 KKRRESLKE;(

YP 025317.1 Hypothetical protein SA0297 (225) 181ILRDQAKKRK ;g9

H89799 Hypothetical protein SA0331 (284) 220KKDKKL,)5

F89801 Hypothetical protein SA0345 (613) 456KKRTH 40

C89817 Hypothetical protein SA0464 (87) 10RLIKRR 5

D89817 Hypothetical protein SA0465 (130) 18BKKQRQKM,y4

(89828 Hypothetical protein SA0550 (113) 90RKRRKEys

D89828 Hypothetical protein SA0551 (482) »LKTFKRR g

E89856 Hypothetical protein SA0769 (341) 112PRRRAK Q15

D89880 Hypothetical protein SA0954 (339) 251 KKKEKRK 557

C89893 Hypothetical protein SA1051 (565) 136 KKKKA 449

B89902 Hypothetical protein SA1122 (428) 33 DKLKKLj337

D89922 Hypothetical protein SA1277 (381) 350 KRRK L3546

E89946 Hypothetical protein SA1464 (86) 2»PQQKRAKQ»y

A89959 Hypothetical protein SA1562 (1274) 21KKKRR25

F89960 Hypothetical protein SA1575 (553) 543KLRRRVR 49

D89968 Hypothetical protein SA1639 (262) soKKRKKGg,

A89988 Hypothetical protein SA1788 (123) 9RKRKREAELRRKKPy,

B90038 Hypothetical protein SA2165 (207) 4RRIRKTK o

E90065 Hypothetical protein SA2382 (188) 137KKGDNKLIKK 46

F90073 Hypothetical protein SA2447 (2271) 2256 RKKKKD506,

BAB96506.1 Truncated probable transposase (222) 14KRKKATQK,;
7027} NLS sequence s 7Hl ©hifo] 24 A =] ]t} & T STAEY AREA EajA el o v

NLSE 7R Algtedo] s:Aare] sjow Bp2le & #| 944l importin?} AgHste] H oz BllY Hojof gy

of AT NG a7 e e 2L 3
A, AFene gde do A
Tm 1*%%10 3 BuEAY freld
a)E A fEE A

45o] Basi,
omBE T
ofol @}, EH, 7
se s7AEe A

ofo} gl A,

steto] AEAZ Aeks]

g, Ao B B Awee sl EAshs £

dl S Afete] do] ARl Tes AL AR
& Fiestofof gt
oAM= AME s17le] NLS 2 ©d F
B-lactamase®} MsrR TS A Elsle] A 8 b5l
A2 Tl s H& BRI S, aureus”t 77 B-lactamase™= - 9}
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Figure 1. Nuclear targeting of fusion proteins of BlaZ-GFP
in host cells. COS-7 and HEp-2 cells were transfected with blaZ
and msrR cloned with pAcGFP1-N2 vector, respectively. Cells
were transfected with the empty pAcGFP1-N2 vector as a control.
Expression of BlaZ-GFP fusion proteins in host cells was observed
using fluorescence microscope. Magnification: ><40.

oX,
[o
N
Ak
2,
o
2
o

A A (membrane vesicle)E &3l a4hg
9] B-lactamase’} EH|H Tl &
MsiR @ HAZAE Tl BH|HE AS 2 9
3} th(Unpublished data). ~138-Ad o] 0|3k Ui
A sFAMEY Maxda Ajt 9 AEE o]Fol 3
AN o2 i EY UA FATE S aureus”}t EH
EAE wiFA e XS 30+ oulell MV e
-1 protein A7} S5AIFEQ] AEANA FzE
o=

Hol AT AS E3) Ev|jE e w=7 <

L O

rlr _“ rsh

N >’_\|I_4 O_A_, JE

Az dgd 5 vk (25). oleg A= —}iizﬂa
&3 o iﬂi—ra HHE 248495 7H] B-lactamasel}

MsiR tHifo] Al&s)] sFAER ddd & As& Al
AbehE e, %FLOM“ ol We] SFAIE AEHR

5 doge] o]Erks AP om FHsiglnt
B-lactamase AR blazE TH THHEQ] pAcGFP1

N2 vectordl] E&24335le] WAL= BlaZ-GFP g3 ¢
STAE o] o]Fo] PEEA|HFig. 1), blaZ 7
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4
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Figure 2. Cytosolic localization of fusion proteins of GFP-
BlaZ in host cells. COS-7 cells were transfected with pAcGFP1-
C2 vector or blaZ cloned with pAcGFP1-C2 vector. Expression of
GFP-BlaZ fusion proteins in host cells was observed using fluo-
rescence microscope. Magnification: >40.
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©
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1
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Figure 3. Cytotoxicity of p-lactamase fused with GFP in host
cells. Cells were transfected with plasmid constructs of blaZ cloned
with pAcGFP1-C2 and pAcGFP1-N2 vector, respectively. Cells
were transfected with pAcGFP1-N2 or pAcGFP1-C2 vectors as a
control. Cells transfected cells with plasmid constructs were
incubated at 37°C for 44 h, and MTT assay was performed. (A),
COS-7 cells. (B), HEp-2 cells. Data are presented as the mean £
SD of duplicate experiments. *p < 0.05.
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