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Pseudomonas aeruginosa, a Gram-negative bacterium, is known to be resistant to widely various

bactericidal agents. Recently, antimicrobial protein HE2B1 from human epididymis, with a plasma membrane

disrupting effect, was reported as an effective bactericide against Escherichia coli. In this study, the HE2p1

gene was cloned from human genome DNA and recombinant HE2B1 protein was expressed by E. coli. Purified

HE2p1 showed strong antibacterial activity, especially against P. aeruginosa. Bactericidal activity of HE2B1 was
unaffected by NaCl addition (up to 300 mM) and the buffer pH (6.5-9.0). Activity of HE2B1 was maintained
completely after boiling treatment, suggesting high thermal stability of HE2p1. Although HE2f1 also showed high

stability against detergent (SDS) and a reductant (2-mercaptoethanol), Proteinase K addition completely inactivated

HE2B1. These results suggest that HE2B1 is an effective bactericide against P. aeruginosa in various environments.
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1. 1XC&IC

WES DOIEREMOEE D 232 TH DR D IdHZ
< OPIHEMN D SN, FERETOMEMBEROY X
JIEEK L TWa. L LZDO—/T, BT, T
SEAETE, ERER & OBIG TS RO MBI AR
ELUTIEL T WS, RHC A M # I3 R I B
WCHNERZ EDOERGHERZIIERITILED
D, FEHNMERE ORI HEELRETHS.

A (Pseudomonas aeruginosa) (& flIJIdBE 1 54k
RTINS Z Ny EREY, BELREH]
75 E 7z Rk fia S HC BRI 9% C & THEANTH LT
i PEZRd T EMHENTNS . TOPIRY T D
& WRHCER S, 1 Z & AL DORERID DR VIREEIC

O EEREE O BREE - TXOVF— - A AR
HORBRIIRAR R A BRI AR

2o 7zt Oz LA MR LT, BENEEHRIC K
FECHROFRR 725 &hd 5.

LA 2R E 9 5113, TEROBEH & 135
BHVERBRE 2 RO 12 5 R A OB PR E TH 5.
AW TR T DX S THRHRERE LT, b ko
R 2 2787 HE2(Human Epididymis specific protein
2) D—FETdH 3 HE2B1 I H U7z, HE2B1 & K
(Escherichia coli) I\ U CWIRE 172 /R9— 5T,
HEALBIYIHIIIC 0 L T B2 R E R0 LVl
ENTWVWB Y. F£7, HE2B1 3 Fig. 1ITRT LSS,
HERDRFHPHEME D K 5 ISHRNE CIERT %
DT L, MR 2 Y 25 & & TR
2LEZLNTVE Y. 20k, HiHRY 7O
BezlF 5 el ZAMMEREICN LT ERE 2R
TEMNARKGINS. LHLAEAS, HE2BL Ik R
KTHb, KEOHE2B1 ZHEfiFd 5 LidH L.
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Fig. 1 Scheme for the mode of action of HE2B1.

ZCTTC, AT ET, HE2Rl Dz 7% 7
O—=Y 5 UTHARZ Z ST ERBEREREL,
HE2B1 %2 KimICEFES BRI OB ZTT > 72. DT,
135 N7z HE2B1 DR BT M0 %€ M7z & 72 FEC il
N3 &T, HE2B1 OFEMEEZMIAL, FEHUEORE
Eiiolz.

2. RERAHZE

2.1 HE2BLEEFODIO—=25 L RERDIER

b b S (MDA filfid) » 5 57/ L\ DNA 7z
flit U, HE2B1 O Ax 1 Wi v 2 PCRIC & - T H i
L. B5NEDNAW/RZI/ 0—=Y R 2 —
(pT7Blue-T) IZ ZNZENFHAIAL T & T HE2P1 EinF
EEZ 70—V F L, IHIKBEHORREXY
Z — (pRSET-B) I fHA A A THIHL Z HE2B1 JEHH T 5
AIRZMHELE. COMPEZ HE2BL X 287 'H
&, FEIOBICHIH T % 72Ic N KNS 6 x His O
TITA T4 2T R0 IRETHREI NS, L
TeFB TS A X Rz K BL21(DE3) I8 A L TH
2RI BREFEE R T,

22 fAHBZKBHEICKS HE2p1 OFRIR L FEHR

{EBLU =A% 2 HE2P1 FEBUAGH % 100 pg/ml @
7YY UEEE 100 ml O 2 x YT FHICHIE LT
30°C T 16 W% 559 %5 T & T, HE2B1 Z Atk
DR N7 EE AK (inclusion body) & L T KEICHE
PERT. Wz im0k (3,500 x g, 5 min, 4°C) I
M TR BWE 2D R E, 85 NTERZE Y =
(~ 10 ml) DIHFE/KIC IR L 7212, B E HIEREIC K >
THAZWET 5 L THNAE ZHI L. chz
T OB (15,000 x g, 10 min, 4°C) L C, inclusion
body Z Z LR Z I L 7z.

REEMED inclusion body (& 6 M 77 =¥ VIGREE T
AIAb &8, 6 x His % 7 %% HE2B1 7213 % Ni-NTA

agarose I LCKAESH S L THE L. oL
8 MIREZZLV VE/Ny 77— (pH 6.3) THEH
L7eDb, Wi LTV HE2BL %2 8 M [REEZ TV
VEEINY 77— (pH3.5) THI L SiaH &8 .

IS E 7z HE2B1 1, BeFEAVIC A PEHT O 1 72 1K
TEHTOL BEBEBNE Y ICXK > T, REMIC 20
mM V) VN T 7 — (pH 7.4) IS L TBNT LIz 6 D
k5% HE2B1 VAW & L7z, HE2B1 13 4°C TIRfEL 7=,

2.3 fER HE2B1 OREFEAE

K8 X N fz HE2B1 @ 2% & 3% M %&= E. coli, P
aeruginosa, Pseudomonas putida 0 3 Ff £ O #ll & %
HOWTHR. ZhZNDOR % 7 % 10° CFU(Colony
Forming Unit)/ml OJEETEZTLY /Ny 7 7 — (pH
7.4) IRk R R ERE D HE2B1 ZhNZ T, 37°C T 1 KM
PR U 7z, B 7z 100 £5, 1000 %35 K T 10000 51
WML, ZNZTNORMIK 100 pl 2 LB FEREHIIC R
HLT30°C THEELEL. ISHMOEER, TELE
au=—#zeAv Y bU, ARfERDT. RIRIC
B B MHHRSZ 10° CFU/ml TH 5.

E 51T, MARITHGIRES pHICFB1) % HE2B1 D P,
aeruginosa I M 2B EEEZRE Lz, HEER
50 ~ 300 mM & 72 % & 91 NaCl & S SIChn 2 T,
100 ng/ml O HE2P1 771E | T IRl DR 1R 9255 72 WLHLIR
30 MCZEE L Tlro e, Fie, T2 Vg Ny
77 —DpH%Z 65~9.0 ICHEL T, REERZTIT-
fo. WUPEREREIE 30 0 & LTz,

2.4 HE2B1 DREM DB

HE2B1 DEAZELZ NS Tz, K HE2B1 7z
100°C T 10 7y ALEE L 729 > )L &, —30°C T ik
IR E S T1%, B THREHT 284F2 2 [0 L
ey IIVERHBE L. 5% 160 ng/ml &5 5 K
I ICHRICINA CRE A2 T T2,

HE2B1 O 5 b AN I 9™ % e M 72 7t 9 5 72
BIZ R TFVI)VEREEF SV o L (SDS) &, Z N
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7 B2 RASE (SDS ¥ T )LNw T 7 — 4% SDS,
2-mercaptoethanol, 40 mM Tris-HC1 (pH 6.8)) %= f
7z. 20 ug/ml @ HE2B1 & SDS > )Ny T 7 —7%
21 TIEAL, 57MAWUEE (SDS k) 217 - 7215,
HE2B1 AV 100 ng/ml & 755 K 51 P. aeruginosa D ¥&kj
R (pH 7.4) IChn A TREEEZE Lz, e, &Y
NIRRT (T T 7 —8) ST 2 RENZHR
N3 78I, HE2B1 & 10 mg/ml O Proteinase K(ProK)
Z21 TRAL, 37CT4RFHUM L. chz
SDS ALALPR U e I TG ZE LTz, Thb o
FEOaAY +a—)L& LT, HE2Bl ZEH LRV
77 —& SDS YT )Ny T 7 — 2 FAKOEIG TR
Hlizbozfvz.

3. BREER

AWFETIER U T 2 KGR 2 558 U TS R,
Fig. 2 @D Lane 1 IC/R 9 K 51, HE2B1 OKEFEIHICHK
HLUTWBT RIS N, Thickb, TNET
WERKRICRET 2 I3 DD THHETH - 7z HE2BI
EHRBEFET DT ENAREE T oo, FRIL o
ZRKWFETlE, HE2BL X RAMEOREAKRE LTHS
N% 728 (Fig. 2 Lane 2), ZMEAITAALL TH S H
JETE AL 2175 BB S, L LD D, Ni-
NTA 515 Lh B A E iz HE2BL 7 3@ % OB
F7ea, ZEUFRIDERE S NS &I HE2B1 D 95%
DLENHUARBEL T LE - . Fiz, 5R0 OnialE
HE2B1 & B N1 2R &R o Tz, THUIIAAREED
187C (refolding) MIEL {frbN TV W ELEEZ S
Nic. 2T T, BENICEHAIOREZLTEETWL
S ZEBEENTIEIC X 5T, EPDIC refolding 217>

(kDa)

30—

20— < HE2p1
(22 kDa)

14.4—

Fig. 2 SDS-PAGE analysis of HE2[31.
Lane 1 : Total protein from recombinant E. coli,
Lane 2 : Eluate from Ni-NTA column,

Lane 3 : Purrified HE2p1.
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FoAS SR, 90% LU DU T Al vAME O R 5L HE2B1 7 3
BEZC LRI, BUOREGETEL RSN, K
FEEIC TS B L 7 K5 B4 HE2B1 {3 SDS-PAGE T H— D
NY RICETHEINTWS T &2 L (Fig. 2
Lane 3).

TDXIICLTELSNEZ HE2B1 & W TR E IEME
EHELEZECTA, HOETXTOMEIH L TEY
B )172" L, FFIC Pseudomonas J&ICXS BRI AVE
WT EW S E 5o T (Fig. 3).  FRERSEHIR M A
mEmWWEEND P aeruginosa |9 B FETEME R X O FE
MM PN T= 455, 320 ng/ml 0O HE2B1 T 99.3% HVRRH
ENBTENGho Tz (Fig. 4). THERETN T
% E. coli \IZH3 2 RHTEME (B K Z 20 pg/ml T 99.5%
M) KD & 60 5L EEmne kiciksd. Thbo
Z &5, HE2BL I P aeruginosa DFRFHICEHDH T
HHTHBEFA5.

HE2B1 (Z R E A & < 7% % & (> 50 mM NaCl) K
BEICRT 2RENNEZELIUE T TR EHHISN
TW%? %2 7T, 50~300mM NaCl D5 TP
aeruginosa IZ 009 2 ETEEZ R E Lz & T A, 300

100 M
80

—&— P. aeruginosa
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N N
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Fig. 3 Bactericidal activity of HE2p1 against P.
aeruginosa, E. coli and P. putida.
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Fig. 4 Bactericidal activity of HE2p1 against P.
aeruginosa.
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mM D NaCl TEKFT 2 &3, BLALERT
BIEMICH - 7z (Fig. 5). Tz, —RMNGEEEZER
ZOWEENpHIC K > TREL BT I HEAENZ V0
O, pHDHZZ2Z Y VN 7 7 — 72 WV CRIFATTE T
ZHIE Uz, ZTORE, HE2BL (AR E A B 5E AT hE 7%
%M TH B pH 6.5 ~ 9.0 OHFIPHT, (ZIFFEIFOREE
P& {#EE LT 7z (Fig. 6).

FERIC HE2B1 Z R4 & LT 2B, &
FTELREHTORESEIROENS. ZT T,
HE2B1 O & T E R LE RIS DV TR 2
frote.

Z L DRI BEIZIMEARHAEIC X > TZEDOWEMZ
KD (RIETH)MENDHS. LhLah5, HE2BI
1 100°C, 10 57 [ D hnZAMLEE S0 88 D 3K U 0D (A il figt
WK > TERETEENFE E A EZL LD 5 Tz (Fig. 4
boiled, freeze stock). T DT &%, HE2B1 Hed T
WENIGEW R RO T e 2 BR L T 5.

RNT, HE2B1 OSRETEMERNCN 9™ 2 2 M et 2
Tofe. EBRITIE 2 VST EOEMICH % SDS Y
YTIWINy T 7=, SR ORI KL% SDS {t
WM ZIT> T, BHOZZETHNE, kRS
MENTRBICKRIET HHXGTHZICEIIDET,
HE2B1 D P. aeruginosa \Z %9 2 R i if M (& LB AT &
Eedg U C 1000 £ 2L RIS i < 72 > Tz (Fig. 7). SDS
YTy Ty =R ENATza> bo—)LEER
Tl P aeruginosa D'EEIE TS 7 LA L=
MW &5, SDS-HE2B1 D8R 1713 SDS
2-ME & HE2B1 DHHEIFHICEZEDTHB I W T
MINB. 2O &h 5, HE2RL G M T SDS
MEZFFDO T EMNHAL N x5 T2,

R%IC, HE2Bl O 707 7 —XIchd 227z,
Proteinase K # WV TR 7z. ProK Z{Ef B 7-%Ic
SDS (LWL 7% 17 5 72355, P aeruginosa I\ %3 % %
HTIEEDZIETERICKDND T Ehbhn -z (Fig. 7).
TOT kX, ProKIT K> THEBL DRI NT NS
TERRLTEL, Ta77—8an U Ttz #
el EMHEN IRz, &SI, Ta T T —
PICK > THREZT B 0D T X, RENTAES
IR EIN T LI NE 2R LTED, K
ICKBBRENDEEIZT DD THENVEEZONS.

4. FL&

HE2B1 (3R &2 RIS L TRE1Z2H L TEHED,
FFIC P aeruginosa it U TtV B 1727~ Uiz, £z,

20T
15

2
EERTY
>
= \\\\
wv

| \\Q—O

0 .

0 100 200 300

NaCl (mM)

Fig. 5 Effect of NaCl on HE2B1 bactericidal activity
against P. aeruginosa.

—~ 100 725

S

o —
o 80 20 8
T / =
3 ~
[o]

£ 60 15 T
; ey
E —&— without HE 231 ‘é
2 40 —e— with HE2B1 10 =
c / 2
= 2
© =)
> )
S 20 5

7 .
wv

- i ./“\\\ ~ 4,

6.0 6.5 7.0 7.5 8.0 8.5 9.0
pH

Fig. 6 Effect of pH on HE2B1 bactericidal activity against
P aeruginosa.
"Survival with HE2B1" indicates the ratio of
survival cells with HE2B1/without HE2f1 at each

pH.
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Fig.7 Bactericidal activity of HE2B1 treated with SDS-
sample buffer or Proteinase K.

HRES pH OB LIZ EAERZT RN &N >
7o, HE2BLIXANEARMIRS, SRIEIERI OIS T &
HIEEME R 92 2 Li37%<, OO TEmWLELZ
RUTe. =T, ZYNTHRRERICK > TESIC
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DRENZ T LMD, EREHTORR G & DDA
WwZlitbhork.

DX HROKE T & @mOEENE, & B2 AR
BREANOZ 22 MR ORE % >3 7 Ei M fih
m<, S, BERBEIET TR, RARTETON
DI ENS.

EIES
AT 5L D — 018 L HATIR B OST) O F5 18

FEEY— XABEGRBICEIRE N, ZomhEEZI T
f1olz. CTOGEBED LTEHOEELLET.
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