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As the causative agent of Anthrax, Bacillus anthracis causes an acute fatal disease in herbivores such
as cattle, sheep, and horses as well as humans. The therapeutics and prevention of anthrax currently
available are based on antibiotics and the live attenuated vaccine strains, which may be problematic
due to the emergency of antibiotic resistant strains or residual virulence in those vaccine strains.
Therefore, it has been required to develop novel therapeutics and vaccines which are safer and
applicable to humans. Recently, the development of the multivalent vaccine targeting both spores and
vegetative cells of B. anthracis along with anthrax toxin has been reported. In our attempts to screen
potential candidates for those multivalent vaccines, the whole genomic expression library of B.
anthracis was constructed in this study. To the end, the partial digests of the genomic DNA from B.
anthracis (ATCC 14578) with Sau3Al were ligated with the inducible pET30abc expression vectors,
resulting in approximately 1x10° clones in E. coli BL21(DE3). The redundancy test by DNA nucleotide
sequencing was performed for the randomly selected 111 clones and found 56 (50.5%) B. anthracis
genes, 17 (15.3%) vector sequences, and 38 (34.2%) unknown genes with no sequence homology by
BLAST. An inducible expression of the recombinant proteins was confirmed by Western blot.
Interestingly, some clones could react with the antiserum against B. anthracis. These results imply that
the whole genomic library constructed in this study can be applied for analyzing the immunomes of
B. anthracis.
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S 8= P (poly-D-glutamic acid capsule) A4dol|
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AMEEl #F, S2I=0|E X HiY=EA

ERATHATCC 14578) A= DNAE o]8gh 7734 &g
gfolBejE] 155 Zglzr= 9 L£FFF24 pET30abe
(Novagen, Germany)@r U7+ BL21(DE3) (Novagen) -2
DH5aE AHEsI Y B8 &<+ Luria-Bertani (LB) 4]
vl X|(tryptone, 10 g; yeast extract, 5 g; NaCl, 5 g; DW, 1 L)
oA A F Hiketda, Eagh B9 FAYAZA ampicillin
(100 pg/mly< 7k, 37°ColA| 250 ripm O 2 X wlj s}
Aok R AXRE 28k, FLI AAEA] ARl 1.5%
(wiv) agar® F7IEGloR], T AEUES S8l 1 mM
isopropyl B-D-1-thiogalactopyranoside (IPTG)S AR&-5}Sith

TEHRTX} US 2lo|Hz{2| HEQ| ZH|
Z2}Zv]|= pET123abe+= HiYield™ Plasmid Mini kit (Real
o]gste] e - FASHAr

Biotech Corporation, Taiwan)E

% 5 pg) pET30abcE BamHI AFHE20 unit) 2 37°Cl A
3417 B WA U, A7) A (self-ligation)S WEA|S)aL
Z} 10 unite] €8] ¥2ulelA|(alkaline phosphatase; New
England Biolaboratory, USA)=Z 37°C, 308 ZoF vke-slych
1% oF7}2= ZA(agarose gel)olA 71953 & #E Zei=
P]=% Gel Extraction kit (Real Biotech Corporation)S AH&-
3t FE3IATE ©]F @14kl (dephosphorylation) ¥ A] 252
e SRV =S A A7) 915l T4 ligase (New England
Biolaboratory) 2 4°Col|lA 16417 ¢t A7 £, 1%
optE=Ad A7|FEstd At FAEA Fe HEHTE Gel
Extraction kit (Real Biotech Corporation)E ©]-&3}o] 343}
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EtXZ 7= DNAS| HMx{2| 2! Z=H|
AU 225 E—%kﬂée EAF(ATCC 14578) 7%=
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oE DNA ZHE 1% oPIE=24A 17195 F, 0.5-1.5 kbo}
1.5-3.0 kbell 3= 2709] $$1E Gel Extraction kit (Real
Biotech Corporation)& ©|-83} 3|4 2 FF3}], glo|H
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Fig. 1. Preparation of the BamHI-digested and dephosphorylated pET30abc vectors. (A) The BamHI-digested pET30abc vectors were
dephosphorylated by calf intestinal alkaline phosphatase. (B) The BamHI-digested and dephosphorylated pET30abc vectors were self-ligated by
T4 ligase at 4°C for 16 h and analyzed by 1% agarose gel electrophoresis. The arrow indicates the self-ligated plasmids. (C) The BamHI-
digested and dephosphorylated pET30abc vectors were purified and concentrated from the agarose gel using Gel Extraction kit. Lanes: M, 1-kb

plus-DNA ladder (Invitrogen, USA); 1, pET30a; 2, pET30b; 3, pET30c.
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% 10% sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE)E AA|51%
o} B89 ohEe 045 um PVDF membrane (Immobilon
P; Millipore, USA)®l| semi-dry transfer system (Bio-Rad, USA)
S AFESk] HolAFHIL, 5% (w/v) bovine serum albumin-
0|83l blockingS FsIATE 12 H 23} FAZA] anti-
histidine &|(IG THERAPY, Korea)$} Horse radish peroxidase-
labeled goat anti-mouse 1gG | (Pierce, USA)E 27} 1:5,000,
1:20,0000.2 343l AMEE}a, ECL™ Plus Western-
blotting Detection kit (GE Healthcare Life Sciences, USA)E
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digested pET30abc ¥]E}E Calf intestinal alkaline phosphatase
2 dephosphorylation Al1Zl & 1% opt2= AZRE 3|43}
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Fig. 2. Preparation of the Sau3Al-derived B. anthracis genomic DNA fragments. (A) Optimization of the partial digestion of the B. anthracis
genomic DNAs with Sau3AI serially diluted by 2-folds. (B) Fractionation of the 0.5-1.5 kb fragments (lane 1) and the 1.5-3.0 kb fragments

(lane 2). Lane M, 1-kb plus-DNA ladder (Invitrogen).

Z=r| == IPTG A7l ofsf eld f=dde] 7hssh,
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T 5670(50.5%)7F AT FAxE gRlEen, 1770
(15.3%)= e A3, 3870(34.2%)= BLAST T4l A
X3k AES 2R Z3IAthTable 1). RIE A -4
A= D-alanine carrier protein, oligopeptide ABC transporter

protein, pXO1 2] %A}, transcription terminator, trans-
cription activator, Methenyl-tetrahydrofolate cyclohydrolase,
sensor histidine kinase/permease, pyruvate kinase, ComG

Fig. 3. PCR confirmation of the clones carrying the insert DNAs from
the constructed genomic expression library. The colony PCRs using the
universal T7 promoter and terminator primers were performed for all
the randomly selected clones. The PCR was carried out with an initial
denaturation at 95°C for 3 min, followed by 30 cycles of 95°C, 1 min,
62°C, 1 min, and 72°C, 3 min and a final extension at 72°C for 10
min. All the PCR products were analyzed by 1% agarose gel electro-
phoresis after EtBr staining.
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Table 1. DNA sequencing of the inserts in the pET30 vectors from the 111 BL21 (DE3)-based clones

No. of clones (%) B. anthracis genes (%)

Not matched/not sequenced (%)

Vector sequence (%)

111 (100) 56 (50.5)

17 (15.3) 38 (34.2)
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3870(34.2%) = BLAST B0 AXshes FAAS A &
3Ptk T3 92~8 748 Falo] dhld RS Els)

gom, &A FEH tigh colony blotSZHE FuHS

Table 2. The BLAST analysis of the 56 selected GEL clones after DNA nucleotide sequencing

Clone ID BLAST results (Number of the redundant clones identified) Reference 1D
1 S-formyltetrahydrofolate cyclo-ligase family protein >gb| AE017334.2|
2 acetyltransferase, GNAT family conserved domain protein >gb| AE017334.2|
3 acyl-CoA dehydrogenase (2) >gb|AE017334.2|
4 addB gene, complete sequence >gb|EF410334.1|
5 arsenical pump family protein >gb| AE017334.2|
6 ATP synthase F1 alpha subunit >gb| AE017334.2|
7 BA3927 gene, complete sequence (3) >gb|EF040399.1|
8 Brevibacillus laterosporus azorectase gene >gb | EF626662.1|
9 conserved hypothetical protein / conserved domain protein >gb| AE017334.2|
10 conserved hypothetical protein signal peptidase I >gb|AE017334.2|
11 DNA-binding response regulator sensor histidine kinase >gb| AE017334.2|
12 ferrochelatase, protoporphyrinogen oxidase (2) >gb|AE017334.2|
13 fructose-1,6-bisphosphatase, class 11 >gb| AE017334.2|
14 glycerol kinase / glycerol-3-phosphate dehydrogenase (2) >gb| AE017334.2 |
15 GTP-binding protein YchF >gb|AE017334.2|
16 hypothetical protein / DNA-binding response regulator >gb|AE017334.2|
17 iron compound ABC transporter, permease protein >gb|AE017334.2|
18 L-lactate dehydrogenase >gb| AE016879.1|
19 macrolide 2-phosphotransferase, putative >gb|AE017334.2|
20 membrane protein, putative (3) >gb| AE017334.2|
21 penicillin-binding protein >gb| AE017334.2|
22 plasmid pXO2, complete sequence (3) >gb| AE017335.3|
23 polysaccharide biosynthesis family protein (2) >gb|AE017334.2|
24 putative tellurium resistance protein >gb|AE017334.2|
25 replicative DNA helicase >gb| AE017334.2|
26 ribonuclease HII >gb| AE017334.2|
27 serine/threonine transporter family protein >gb| AE017334.2|
28 sodium/alanine symporter family protein / general stress protein 20U >gb| AE017334.2|
29 superoxide dismutase / D-alanyl-D-alanine carboxypeptidase family (3) >gb|AE017334.2|
30 transcriptional regulator, LysR family >gb|AE017334.2|
31 uvrD/Rep helicase family protein >gb|AE017334.2|
32 plasmid pXO1, complete sequence (4) >gb| AE017336.2|
33 hypothetical protein >gb| AE017334.2|
34 hypothetical protein >gb| AE017334.2|
35 hypothetical protein (3) >gb|AE017334.2|
36 hypothetical protein >gb|AE017334.2|
37 hypothetical protein >gb| AE017334.2|
38 hypothetical protein >gb| AE017334.2|
39 hypothetical protein >gb|AE017334.2|
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Fig. 4. Evaluation of the genomic expression library clone for identifying B. anthracis immunogens. (A) Western blot analysis using anti-His
antibody. The arrow indicates the recombinant protein from the genomic expression library clones that were induced by 1 mM IPTG. Lanes: M,
Western XP marker (Invitrogen); UI, un-induced sample; +IPTG, IPTG-induced samples. (B) Colony blot analysis of the 96 randomly selected
clones from the genomic expression library using the antiserum against B. anthracis. C8 (No. 32) and G8 (No.80) were strongly positive.
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