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Characterization of protein secretion based on structural
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Abstract: Selection of suitable signal peptides is an important factor for efficient secretion of heterologous proteins. We defined
structural fusion degree (SFD) as the compatibility degree of target proteins and signal peptides by a bioinformatics approach. We
mathematically analyzed the interaction of fused signal peptides and adjacent residues of proteins, and proposed a mathematical
model of extended signal region and the protein. SFD Features was extracted from this model to characterize the secretability of
heterologous proteins. Simulation tests showed that SFD features can effectively discriminate high secretory proteins from poor ones
in the host Bacillus subtilis. Results from this research will be useful in signal peptide selection and have a better guiding significance

for the optimization of heterologous protein secretion.
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Table 1 Information of high secretory heterologous protein samples

High secretory heterologous proteins using UniProtKB/Swiss-Prot accession

Signal peptide® the corresponding signal peptide number References
Erwinia carotovora pectinase Q06555 (AEPA_PECCC) [21]
AmyE Bacillus stearothermophilus alpha-amylase QOMS47 (QOMS47_BACST) [22]
Escherichia coli beta-lactamase P62593 (BLAT_ECOLX) [23,24]
Bacillus licheniformis alpha-amylase P06278 (AMY_BACLI) [25]
AprE Staphylococcal protein A P81297 (SSPP_STAAU) [26,27]
Escherichia coli alkaline phosphatase P00634 (PPB_ECOLI) [28]
Bacillus subtilis alpha-amylase P00691 (AMY_BACSU) [29]
NprB Streptomyces avidinii streptavidin P22629 (SAV_STRAYV) [2]
Human somatotropin P01241 (SOMA_HUMAN) [29,30]
Escherichia coli beta-lactamase P62593 (BLAT_ECOLX) [31]
SacB Clostridium longisporum endoglucanase A P54937 (GUNA_CLOLO) [32]
Bacillus stearothermophilus neutral protease P06874 (THER_BACST) [33]

Note: a means the host bacterium is Bacillus subtilis.
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Fig. 1 Model for recognized natural signal peptide in-frame
fuse to N-terminal of heterologous protein chain.
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Table 2 Information of poor secretory heterologous protein samples

Poor secretory heterologous proteins using the

UniProtKB/Swiss-Prot accession

Signal peptide® corresponding signal peptide number References
Escherichia coli outer membrane protein A P0OA910 (OMPA_ECOLI) [34]
AmyE Bacillus licheniformis beta-lactamase P00808 (BLAC_BACLI) [35]
Clostridium longisporum endoglucanase A P54937 (GUNA_CLOLO) [36]
Bovine ribonuclease A P61823 (RNAS1_BOVIN [37]
AprE Bovine pancreatic deoxyribonuclease A P00639 (DNAS1 _BOVIN) [b]
Human atrial natriuretic factor P01160 (ANF_HUMAN) [38]
Bacillus licheniformis penicillinase P00808 (BLAC_BACLI) [39]
NprB Human interferon alpha-2 P01563 (IFNA2_HUMAN) [40]
Human lysozyme C P61626 (LYSC_HUMAN) [41]
Bacillus licheniformis alpha-amylase P06278 (AMY_BACLI) [42]
SacB Bacillus stearothermophilus beta-galactosidase 1 P19668 (BGAL_BACST) [b]
Mouse interferon alpha-7 P06799 (IFNA7_MOUSE) [43]

Note: a means the host bacterium is Bacillus subtilis. b means the result is from our own experiment.
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Table 3 Information of signal peptides

Signal peptides High secretory natural proteins

UniProtKB/Swiss-Prot

Sequence of signal peptide

AmyE Bacillus subtilis Alpha-amylase
AprE Bacillus subtilis Subtilisin E

NprB Bacillus subtilis Neutral protease B
SacB Bacillus subtilis Levansucrase

P00691 (AMY_ BACSU)
P04189 (SUBT_BACSU)
P39899 (NPRB_BACSU)
P05655 (SACB_BACSU)

MFAKRFKTSLLPLFAGFLLLFHLVLAG
MRSKKLWISLLFALTLIFTMAFS
MRNLTKTSLLLAGLCTAAQMVFVTHASA
MNIKKFAKQATVLTFTTALLAGGATQAFA
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Fig. 2 Extended signal peptide sequence.

Signal Chain 000)
(! MRSRRIWISLLFALTLTFTMAFSNVSVQAR GKSSTERKY TVGFK QTUSANSSAKKKDVISEKGGK VQeee
5 10 15 20 25 30 35 40 45 50 55 60 65

U2 MRSKRLWISLLFALTLIFTMAFSNYSVQAA GKSSTERKY IVGFK QTNSANSSAKKKD VISEKGCK Vaeee
5 10 15 20 25 30 35 40 45 50 55 60 65

[J3 IMRSKKLWISLLEALTLTFTMA FSN@EVQAA GKSSTEKKYTVGFK QTMSAMSSAKKKD VISEKGGK VQese
1 n I 1 L L L 1 L L 1 L L

5 10 15 20 25 30 35 40 45 50 55 60 65

U16 !M_RSKKLWISLLFALTLI FETMAFSNMSVQAA GKSSTEK KYLLVGFK QTMSAMSSAKKKD VISEKGGK VQeee

5 10 15 20 25 30 35 40 45 50 55 60 65

B3 ESRYBRFINFFINGES
Fig. 3 Distribution of sub sequence set of extended signal
peptide sequence.
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Table 4 Validity indexes of different features

Feature expression tr(Sy)/tr(S,)

Features of amino acid composition 2.7839
Features of SFD ( prolongation is 5 ) 2.4836
Features of SFD (prolongation is 10) 4.8345
Features of SFD (prolongation is 15) 4.0179
Features of SFD (prolongation is 20) 2.3296

TE3 4 /s B 5 FEFIES, S5 S IKIE R 10 5L
15 DNEBEFRIRIENS , S FIR G BERF AL B9 28 (a5 26
PIRE AR K [ 4 o B 4R A L o, ik
I AR5 I B 288 P B O R 1B) ] o PR X U
SIRDHELE S5E B BRI R 15 DR R
e 2 5] R LA PR, PRLHAR AR ) P AR A T
il L ARPAE AT AT Sl 8 BRG0P RE

K FCM BRI ISTE , 70 I i 5 FhRefik
AR 1~2 Y& AR T R, Kiloy
Al g3 WA n] 3 I P R R ] B A A
N TR AR R T IR —28), BIEERmME S,

© HEIRHE B M S T TIR S Al Ohine S TE G

http://journals. im. ac. cn



692 ISSN1000-3061 CN11-1998/Q

Chin J Biotech

May 25, 2010 Vol.26 No.5

a 04
0.3} + High secretory samples + +
o2l © Poor secretory samples +
0.1 +
0.0 f or © +

0.1
-02r
-03ro °
-04F ©

05 . . . . . . . )
-08 -06 -04 -02 00 02 04 06 038

¢ 06 o

+ High secretory samples

U o Poor secretory samples °

08 . ! . . . )
-1.5 -10 -05 0.0 0.5 1.0 1.5

e 10,
0.8} + High secretory samples
o Poor secretory samples
0.6 |
04}
02} ¢
0.0 |
-02f * +0
-04r1 +
—0.6 1 +
_0'8 1 + 1 1 1 1 1 1 1 1 1
-1.0-0.8-0.6 -04-02 0.0 02 04 0.6 08 1.0

4 TRFEEH_HESTHYR

b 06
o4l + High secretory samples o
’ © Poor secretory samples , © o
02 £ g o
[e)
+ . o,
0.0 * + t 5
02} g " + o
- +
04
¥
-06F °F
-0.8 ! L ! | | ! |
-15 -1.0 -05 00 05 1.0 1.5 20
d 06 .
+ High secretory samples o
0.4 | © Poor secretory samples o o
o o
02r , © o
+ L+ o~ ©O
0.0 +* ey
+ +
021 g o =
+ o+ +
0.4} .7
0.6
—0.8 1 1 1 1 1 |

-1.5 =10 05 0.0 0.5 1.0 1.5

Fig. 4 2-D mapped distribution of different features. (a) Features of amino acid composition. (b) Features of SFD (prolongation is 5)
(c) Features of SFD (prolongation is 10). (d) Features of SFD (prolongation is 15). (e) Features of SFD (prolongation is 20).
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B, o B G A A TRE AR 1 T &5 Table 5 Clustering accuracy obtained by different features

% 6 Feature expression Clustering accuracy (%)
( ~7)e Features of amino acid composition 71.4
AT A F5000 A A ) BR800 2 1R 81 2 Features of SFD ( prolongation is 5 ) 71.4
AR Z K, T HIW s 2 A8 T RAREA D Features of SFD (prolongation is 10) 82.0
%AIHT}%#ZIK R Xﬂ-:]:}#ﬁ%fa‘ E(J j\Iﬁ’gzlg , ’f%%ﬂj( Features of SFD (prolongation is 15) 78.6
J‘%‘ﬁﬂ E‘Jﬁﬁa‘%ﬁ$ﬁ'ﬁ%%§7\/ﬂ‘é7k W T% ’ Rﬁﬁj%ﬁﬂf Features of SFD (prolongation is 20) 75.0
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Table 6 Prediction results of high secretory heterologous protein samples

. . . . ; . FCM
Signal High secretory heterologous proteins using SignalP3-NN SignalP3 o . .
peptide® the corresponding signal peptide -HMM PrediSi  TargetP Phobius  with

max S mean S D-score

%)
e
|w]

<
<

Erwinia carotovora pectinase Y Y Y
AmyE Bacillus stearothermophilus alpha-amylase
Escherichia coli beta-lactamase
Bacillus licheniformis alpha-amylase
AprE Staphylococcal protein A
Escherichia coli alkaline phosphatase
Bacillus subtilis alpha-amylase
NprB Streptomyces avidinii streptavidin
Human somatotropin

Escherichia coli beta-lactamase

< Z Z < <K Z < < Z K
T T e T T e L SR
<K KK KKK KKK
< KK KK Z KK Z K Z
<K KKK KKK KK
<K KKK KKK KK
Z K < zZ <K <K < Z <K

SacB Clostridium longisporum endoglucanase A

T T T . . S . S

Bacillus stearothermophilus neutral protease Y Y Y Y Y Y N

Note: o means the host bacterium is Bacillus subtilis. Y. means the predict result is signal peptide. N means the predict result is not signal
peptide.

x7 RSWINREBREANTNLE

Table 7 Prediction results of poor secretory heterologous protein samples

Sigr}alu Poor secretory heterf)logf)us proteips using SignalP3-NN SignalP3 PrediSi TargetP Phobius lj)vclz\l'/ll
peptide the corresponding signal peptide max S mean S D-score -HMM SFD
Escherichia coli outer membrane protein A Y Y Y Y Y Y Y N
AmyE Bacillus licheniformis beta-lactamase Y Y Y Y Y Y Y N
Clostridium longisporum endoglucanase A Y Y Y Y N Y Y N
Bovine ribonuclease A Y Y Y Y Y Y Y Y
AprE Bovine pancreatic deoxyribonuclease A Y Y Y Y Y Y Y Y
Human atrial natriuretic factor N Y Y Y Y Y Y N
Bacillus licheniformis penicillinase Y Y Y Y Y Y Y N
NprB Human interferon alpha-2 N Y Y Y Y Y Y N
Human lysozyme C N Y Y Y Y Y Y N
Bacillus licheniformis alpha-amylase Y Y Y Y Y Y Y N
sacp Bl ot R A S A
Mouse interferon alpha-7 N Y Y Y Y Y Y N

Note: o means the host bacterium is Bacillus subtilis. Y means the predict result is signal peptide. N means the predict result is not signal
peptide.
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