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FErp & B — T Ny B U, HArF 24 15 KDa,
HA AL B K 8 AU PR T, IR A 44
BslA (Biofilm-surface layer protein, formerly YuaB)®*2,
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T HE K AT B A S A R ZE AR I A AR
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FERTE B — R R BRI, BEASPREE i 5 ) otk
N 2GR A A I P35, AT 3 e b SR 2 0
Fili B ZEFELRT DA A ) B s A, RE T AR N
TR A A G ST AT, T (AR A R 2R AT R
TRLATEE S 1) SRR T A A2 gedh, el
AR AT LR FE T, BSIA AT LA 28
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W& B K E AR H 253K, A7 AR
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AP RER IR sKE R, LT HERESKES,
TEM &A™ 2RIk L IS R S5 TR A 2 Y
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BsIA 73 B /K fE o & HC 7 B At — 0 A A A
AR 8°), #AAK I BsIA 43 F B HES & %%,
Il SRR TR 7E4lifk BsIA B, &
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Liu W 28] Langmuir-Blodgett 4 R /37 %
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(i 5 2 T s B30 T AR AR R Y lim SRR
1[5 /) 25-35 mN/m, AT 52 43 B4 i 52 1
71 65-70 mN/m, SN BsIA BA g K MBI
THEBA BT MR FHE . A Langmuir-
Blodgett £, Liu ZHER T BsIA A28 A H
SR | N NE AL UL VS e R T TTIN
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el ] 3% 5 v - S BB o K 2R 1 45 A TR A
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T SRS BSIA H ABTE iy i A2 BslA
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FARUBR IR ETEDT 8 T BsIA 1 AL 25 256 s 0y S
15 FHU . FHEST J1% 5 B . K3 BsIA 1E
2SR S FIR R T — RS Y H SR
SEAE, B BSIA VREERE N, 1m0 7 ey
fine 4 BsIA (AFKEZEALT 1 umol/L B, BsIA Fifi
R AR AR T s AR EE R T 1 umol/L,
IKF) 6 pumol/L B FLTHIZ H it A A B i KR I3+
Fi 23 mN/mPl, D04 I R A5 i 2 S TR
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S PR FF G K PE . BsIA 5 o] LIFIHL ik 80%
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TR AR ARG o AR IR EE QB IRER T,
WO AR, iR o, RAYIR%E
TE PRI AN R i, o AIF 9 4% SR 2 B 1 IS A 7
Bl 2B AL AR L, OBk, A
FREAA) B K M R R S T T, B A Ui/ I 4 s ]k
Pk BsIA BOPERRES B, BsIA MK
JE A3 , {100 °C ) 60% SDS 4 i 15 14 W B 72
LB B Y BsIA JERT, BsIA B4l A/,
VLA ILET BsIA &K BT 55 . 24 100 °C
ke 75% 2 FEALFE BsIA 1, BsIA 4% L
PR, BoR BsIA AT IHREEHFOK FI 75% 2, B
e,

2.2 BsIA ZHBFR

WAL A R T AR XT
BsIA AUBFSE, AILATGE]—LE BsIA Z5H4 RN
o, SR, X SR ALK N ORI T A Rk
Wi K8 BslA Z5HFITE R Z AR &R . A

IEFREAT BSIA —ZR&5H, A AT LLEE 5 b T R
RE, BHAHZEMAThEEZ IAEE R . BsIA &K ih
181 MR ILRRFR LA A, 1% 181 N ILRR ¥ 51 £ 5
A3 RPRAY, N 3R 1-28 DR ERR I T — B
Sk, 29-181 i S EEFRIE ALK K A0 B IR
X SFERAT S AR A AT ) X S Eeqii gt ]
X 32 [ 5 43 A T I — R 5 R 2 i T
Bt Hobley S8R X HFERATH A T o KEN
BsIA (R IRZE /(5 L, AR EE A&l 1 s .
BsIA 25T 1 A o S2TERT 13 4> B FrS4LAL,
EATEEIER T 1 AEUKIEFM 1 AT g
BREE IR ARG My . b U F e BREE 1 &=
PRGER) F LR B I8 XA AL, X 2 X
ki) B T EIE B AR, Herp AN X 4 4
BHTERIAL, FHb— X 34 B IrB . B
K WE F 07 F 2L F e Bk (R RS
Jr, BUKIE TR Rm 3 4% B radi. B
BSIA AL HA L T e 2R 0 45 F HF
fiE, H 55 HoAth S BREE (R Z5 R AH ELEK BSIA 5
IR T2 P 2 AR 3 AR Ay B

B 1. BslA B%{kZH#E (PDB ID: 4BHU)R)
Figure 1. The overall structure of BSIA®®. The entire
figure shows the structure of the mature peptide of
amino acids 42-181 of BslA. Green represents the
hydrophobic cap of BslA; white represents the
immunoglobulin-like main structure formed by BslA;
light blue represents the -sheet.
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SR BsIA BiKE (B 2-A)5 1T E i K
HH HFB 11 (K 2-B) &R ¥ SR, (HiE—
HHE AR PRAG R T o A B ZE AT TR B K R
H BslA 5 I B ERF i /KE I HFB 14517
XTELAMT B, BsIA BYHIKIEFH 11 DK
BN, BKEFALT 2 4 B 3 d K )
TR (PR EEF IO ,  FH SR —hi
KA E R ML, 8L HK Z R YT & s K
T, HARIIRTE B S Bk R4 1 25 ok
FasE BR R (45 MR, T Linder 252 1 BAYE 2004
TR 1B B K HFB 1L EE A =42
HER(E 2-B), IR EFH/KE HFB 1R
R T 80%AEA MK E LR, X Hegi K
PR AE R IR IEE BB KA T, KN T B 4367
—ii, HERHGKEDRABCEEER., THE
WK E T HFB 1T/ AL 40 #r 7R, HFB
77N 8 I ERRIERL T 4 X —hifE, —
ST B R T BKEE AR E M, R T B
K B2 SE TR % 8 3k Z2 T (4 T 8 2 U B ) B K A%

A

O EBAERE IR, PR IE T 28 147 1)
FaoE e, MAREEKE A T LLUE R K IEY)EE. 2006
4 HAKanpaa 25/t i [ R B 5 K B HFB |
() = o B f R4, Il 2-C PR, H ALK
WK HFB [T 77 HIXT L & B, HFB
[ FIHFB 11 fE 5 K 8 1Y N S #R A AE— g7k
PERAE, ZEK I 48425 Vals9., Alaé0., Val62,
Ala63. Ala66. Leub7 SFdEM B 7K 2 FE IR 5%
5, HARKKFIRSFERY,

B IR BslA Gk = SRR NITEZE R, A RER
T B 7K 2 10 K Bk B RS TR B K B, (H
BSIA 3 iz it 7K 53 5 5 i) P S T2 Bt 7K W 4 2 Pk
SRR SR /MU IR AE 7 o AF 2 8 4l 3
B, BiKIEF 2l i S , R A A
A B KPERREE , T8 B A 7 RS 1 . nisl 2-A
JR, BKIE - XCEUR R T KR BBk 2R
X HESIUT SRR, i 7K 2 1 W 5 5 o)
fiE-RER 0 (Decamer center), MITHERR T35 57 43
T BslA 1y FUE 6670 A2, 55T K i 1

(A) (B) (€)
(ch y ;
S L124 :
. L76 , A ;
11 R _ | L7 . -
LAY s - “\/’\ { ?5
W L7 A126 e A |
e | - - h 4 .
Liss | 1123 e }’ V54 v Vi
| - 4 ‘\:\ 4 ‘1 B 4
Yovehazs, ) ) [ Ass 4 Y
— ,—14121 /\ f ,
LY | 4 - .

B2 HEFAFERKEASHEERKEAEHED

Figure 2. The structure of Bacillus subtilis hydrophobin and fungal hydrphobin®?*3°=t A: BsIA hydrophobin
(PDB ID: 4BHU) crystal structure, hydrophobic residues are marked in cyan; B: Type Il hydrophobin HFB II
(PDB ID: 1R2M) crystal structure, hydrophobic residues are marked in green; C: The crystal structure of type |
hydrophobin HFB | (PDB ID: 2GVM), the hydrophobic residues are marked in blue.
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FLAE R Fo g FL I | BsIA 18158 A2 K 43 7 AT
P A= W% A | BsIA FIAE AR Wy S 36 A1 R SR T 2
1 45 20,

3.1 BslA fEAFALHIBLA

LA L o 2 S E v R e k), AT
PAF L A e e, fedbkihse iR G, B
JRURE R T 4 B L. R BsIA AT LA 1%
TSR IERGR , A [FHE 4 BsIA R A 43E
BN TR R/ INAI R T BSLA VIR (4 /0N AT LA i)
FURIR AR E L, [RILTRTY BIA W | #21H BsIA

H 4 2k A AT AR A 2L AR SRR A [ R /N B
T FERRE PR R LR R AR K BsIA
(v, B2 BsIA S B AL KN, i
Pa 1 FLART 5 T AH BAE T A s S AR, AT
B PR FR A RCRES FIRERY JSER, 78 vh Ry R
PR, BSIA BT LA 8 A FE K P P I o e
PR AR Y R FE VKR AE RIS b, Y
BsIA (¥ AT DA R I BB B, B AME
W IEA . E H i, BsIA A4
FBEH R AT DA e AN k2= e, 4 v e i v
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3.2 BEEAEMRGFERIEYERLS

TEAE YL I R T [ A R, AT A
FHEE ) K G~ AT A ) I D Rt B 245 ) 0L [l o i
SR YME R IERE R Z — o (EGEIAE YIE %
il o 7EAR RS b e —FP R BT, s A
[FIPREE A5 F, AL EEs b e & S B AR
AR AT AR, DU R ] A= P 1%l A5
S8BT ] S 4 2 R T fAORS o
WU, 3l A [ 1Y 48 1 5T 5 15 et e T A A
B EAE, S E & oo R e RO H
PRELMAR, AAARARTERERE, fir, ek
PR DR T MR N Sl C il
G FREEN, B EE N mEE C b bR
ZAE VM BARBCIA R R R ESS G, NS BUE S
1B I ERBI T E AR AR . XTI T T 5
E. HFHUEFIF BsIA A4, 7E BsIA
FEF N ime# C il A spyTag #1345 (GenBank
No. MF974389), 7EHArBCLIARY N % E C il
HRE® 5 spy AN 45 & spyCatcher AR 4%
(GenBank No0.MF974388) , i ik spyTag 5
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The structure and application of Bacillus subtilis hydrophobin
BslA

Jinglei Song, Yunjie Xiao, Haitao Yang, Zefang Wang"
School of Life Sciences, Tianjin University, Tianjin 300072, China

Abstract: Hydrophobin is a class of small molecular weight proteins that have surface stability and can be
self-assembled at the interface to form an amphiphilic protein membrane, thus changing the hydrophobicity of the
interface. Previous research has shown that hydrophobin is non-toxic and immunogenic, can be used for material
surface modification, food surface plasticity, drug target transport or biosensor signal accurate identification. In
recent years, a small molecule secretion-type hydrophobin BslA (formerly YuaB) has been found in the biofilm of
Bacillus subtilis. The research has shown that the Bacillus subtilis hydrophobin BslA has high expression yield,
simple purification process, easy operation and large-scale production, so BslA has greater application advantage
and development value. In this review, we summarize the information on the properties, functions and structure of
BslA, and compare and analyze them with fungal hydrophobin, and systematically analyze their structural
characteristics and application value.

Keywords: bacteria, hydrophobin, structure, application
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