Additional file 1

Secretion of the cytoplasmic and high molecular weight B-galactosidase of

Paenibacillus wynnii with Bacillus subtilis

Jana Senger, Ines Seitl, Eva Pross, Lutz Fischer*
University of Hohenheim, Institute of Food Science and Biotechnology,
Department of Biotechnology and Enzyme Science, Garbenstr. 25, 70599 Stuttgart,

Germany

*Corresponding author:
E-mail address: lutz.fischer@uni-hohenheim.de

Tel.: +49 711 459 22311

Keywords: Bacillus subtilis, protein secretion, recombinant enzyme production,

B-galactosidase, bioreactor



Table S1: Oligonucleotides used in this study.

Name Sequence (5’2>3’)

01 ctagtgaaaaagatgttgatgttagcttttacatttcttttggctttgactatccatgtaggggg
02 cgcgccccctacatggatagtcaaagccaaaagaaatgtaaaagctaacatcaacatcttttica
P1 cgtctcacgcgcaggcgcgtaaaaaacttgtctattcacc

P2 ccttgtctacaaaccccttaaaaacg

P3 tcgagtctctacggaaatagcg

P4 catcgataagctcaggcagtcaggatccg

P5 cctggaattcgccaaagctgtaatggctg

P6 gcactagtcattcctctcttacctataatgg

P7 cgtctcacgcgccgtaaaaaactigtc

P8 gcctcgagcaccattctaatcgtaaatc

Table S2: Signal peptides used in this study.

Signal Amino acid sequence Origin

peptide

YoaW VKKMLMLAFTFLLALTIHVGGAQA B. subtilis 168

AprE VRSKKLWISLLFALALIFTMAFGSTSSAQA B. subtilis 168

PhoD VAYDSRFDEWVQKLKEESFQNNTFDRRK B. subtilis 168
FIQGAGKIAGLSLGLTIAQSASA

GImU VDRRDNGGQYMDKRFAVVLA B. licheniformis

Table S3: Plasmids used in this study.

Plasmid

Application

Bs Pgeo SPaprE prom pMA

Provides modular cloning cassette

20AC440P_bGalPW_opt_Bs_pMK-RQ

Provides optimized B-gal-Pw gene

pET20b - B_Gal_ P.wynnii_His6

Provides native 3-gal-Pw gene

BNspeBif3

Vector backbone

pLF_P43_YoaW

Negative control

pLF_Pape_AprE

Negative control

pLF P43 YoaW_ B-gal-Pw

B-gal-Pw expression

pLF P43 YoaW_ B-gal-Pw_opt

B-gal-Pw expression

pLF P43 AprE_B-gal-Pw_opt

B-gal-Pw expression

pLF P43 PhoD B-gal-Pw_opt

B-gal-Pw expression

pLF P43 GImU_ B-gal-Pw_opt

B-gal-Pw expression

pLF Papre_YoaW _B-gal-Pw

B-gal-Pw expression

pLF _Papre_YoaW __ B-gal-Pw_opt

B-gal-Pw expression

pLF _Papre_ AprE_B-gal-Pw_opt

B-gal-Pw expression

pLF _Papre_PhoD B-gal-Pw_opt

B-gal-Pw expression

pLF  Papre GImU_ B-gal-Pw_opt

B-gal-Pw expression




Table S4: Strains used in this study.

Strain Genotype and properties Source

Escherichia coli XL1 endA1 gyrA96 (nalR) thi-1 recA1 relA1 lac ginV44 F'[:Tn10 proAB+ laclq
Blue A(lacZ)M15] hsdR17(rK - mK +)

Bullock et al., 1987

Bacillus subtilis 168 trpC2 Burkholder & Giles, 1947

B. subtilis SCK6 ErmR, his nprR2 nprE18 AaprA3 AeglS102 AbgIT bgISRV Zhang & Zhang, 2011

lacA::Pxyia -comK

BsAnc B. subtilis SCK6 with plasmid pLF_Papre_ AprE (negative control) This work
BsAY1 B. subtilis SCK6 with plasmid pLF_Papre_YoaW_B-gal-Pw This work
BsAY2 B. subtilis SCK6 with plasmid pLF_Papre_YoaW_B-gal-Pw_opt This work
BsAP2 B. subtilis SCK6 with plasmid pLF_Papre_ PhoD_B-gal-Pw_opt This work
BsAG2 B. subtilis SCK6 with plasmid pLF_Papre_ GImU_B-gal-Pw_opt This work
BsAA2 B. subtilis SCK6 with plasmid pLF_Papre_AprE_B-gal-Pw_opt This work
Bs43nc B. subtilis SCK6 with plasmid pLF_P43_YoaW (negative control) This work
Bs43Y1 B. subtilis SCK6 with plasmid pLF_P43_YoaW_f-gal-Pw This work
Bs43Y2 B. subtilis SCK6 with plasmid pLF_P43_YoaW_f-gal-Pw_opt This work
Bs43P2 B. subtilis SCK6 with plasmid pLF_P43_PhoD_g-gal-Pw_opt This work
Bs43G2 B. subtilis SCK6 with plasmid pLF_P43_GImU_B-gal-Pw_opt This work
Bs43A2 B. subtilis SCK6 with plasmid pLF_Pa43_AprE_g-gal-Pw_opt This work




Alignment of Sequence 1: [Native Sequence.txt.xdna] with Sequence 2:
[Optimized Sequence.txt.xdna

Similarity : 3033/3123 (97,12 %)
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Figure S1: Alignment of native 8-gal-Pw sequence (Seq1) and codon-optimized B-gal-Pw sequence (Seq2).
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BsAnc Bs43Y1

M1 32 56 73 32 56 73

kDa M2 32 56 73 32 56 73 32 56 73

Figure S2: SDS PAGEs of the secretomes of the different B. subtilis strains
during shake flask cultivation. The culture supernatant was analyzed after 32 h, 56 h
and 73 h of cultivation. The blue arrow indicates the 120 kDa band corresponding to
the size of the B-gal-Pw. An amount of 8 ug of protein was loaded in each lane.
M1=Biorad Precision Plus Protein™ Unstained Protein Standards; M2=NEB Color
Prestained Protein Standard Broad Range (10-250 kDa)
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Figure S3: Repetition of the bioreactor cultivation of BsAP2 for secretory B-gal-
Pw production. Cultivation was done in duplicates at 30 °C, without pH control and
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Figure S4: SDS PAGE of secretome (1) and intracellular proteome (2) of BsAP2.
The bands (blue arrow) corresponding to a size of 120 kDa were analyzed by MS.
Supernatant and cell free extract after 73 h of shake flask cultivation were analyzed.
The supernatant sample was loaded twice (1a and b). An amount of 8 % SDS gel was
used and 8 ug of protein was loaded. M = Marker
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MS analyses results of (A) intracellular and (B) extracellular 8-gal-Pw

Figure S5

(C) purified B-gal-Pw. The (§-gal-Pw in the supernatant of the bioreactor cultivation of

BsAP was purified.
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Figure S6: Chromatogram of size exclusion chromatography of purified B-gal-
Pw (A) and the calibration curve generated (B). The -gal-Pw was purified from the
supernatant of the bioreactor cultivation of BsAP2.
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Figure S7: Translation initiation rates calculated with the RBS Calculator v2.1.
for the different constructs. 100 nt upstream and 35 nt downstream of the start codon
were considered. AU = Arbitrary units.



EcoRI
Spel

PhoD_signal peptide)
(‘Signal peptide cleavage site )

BssHII
EcoRI
EcoRI
pPLF_PAprE_PhoD_ B-gal-Pw_opt
8912 bp
BamHI

Xhol

10x His-Tag
BamHI (Terminator)

B

gaattcctccattttcttctgctatcaaaataacagactcgtgattttccaaacgagctttcaaaaaagectctgececttge
aaatcggatgcctgtctataaaattcccgatattggttaaacagcggcgcaatggcecggceccgcatctgatgtetttgettggeg
aatgttcatcttatttcttcctccctctcaataattttttcattctatcecttttctgtaaagtttatttttcagaatacttt
tatcatcatgctttgaaaaaatatcacgataatatccattgttctcacggaagcacacgcaggtcatttgaacgaatttttte
gacaggaatttgccgggactcaggagcatttaacctaaaaaagcatgacatttcagcataatgaacatttactcatgtctatt
ttcgttcttttctgtatgaaaatagttatttcgagtctctacggaaatagcgagagatgatatacctaaatagagataaaatc
atctcaaaaaaatgggtctactaaaatattattccatctattacaataaattcacagaatagtcttttaagtaagtctactct
gaattttttta agggtaactagtggcatacgacagtcgttttgatgaatgggtacagaaactgaaagaggaaagct
ttcaaaacaatacgtttgaccgccgcaaatttattcaaggagcggggaagattgcaggactttctecttggattaacgattgcece
cagtcggctagcgccgcggcgcgeccgtaaaaaacttgtctattcacctecctacaaacgggtacccggaatggaataataatcece
tgaatgttttcagatcaaccgaatggatgcccatgctacatggattccttttaatacaacagaggatgccttgecttggagatce
cacaatccagccctaactatttgtctttgaatgggatgtggaaattcgecctatgcagagactccggatcaaagaattcecgtaac
ttttttgaaaaaaactatgattgcagttcttgggctgaactgaacgttccttctcattggcagatgcatggatatgactaccce
tcagtatacgaatgtaagatatccttggagtgaacgtgagccggagctcaaaccgeccttttgectecctacacaatataatcecgg
ttgggtcttatgtacgaacattctctgtaccggaggactggagcgggaagcctgttttcatcagetttcaaggtgtggagtcet
gccttctatgtttggctcaatggagagttggtcggatacagcgaggatacattcacacctgcggaatttgacttaactcctta
tcttatcccgggagacaataagcttgcececgttgaagtgtatecgttggtgtgacgeccagttggectggaggatcaggatttcectgga
gacttagcggcatttttagagatgtctatctttatacaacaccggaagcccatatttatgatttctttgttcgaacagaactg
gatgagcagtacagacatgctgaattgcagctggatgtgaagcttatggattattttgaaagaacagctgaggcagttattgt
gcatgcgcagctttatgatcacgatcagaacgctatctttgatcagccgectttcacagacagtctacttcaatagecgettcta
cacagacgctccaattctcttcttctattattgacccgttaaaatggagtgcggaacatccgaatctttatacgttagtgttg
tctttacatcatgtggatggagagctcatggaagccgttagectgeccgtgttggetttecgtacattcgagecttaaggacggttt
aatgaagattaatggaaaaagaatcgtctttaagggcgtgaacagacatgaattctcatgcgatacaggcagatcaattgatg
tcgatgatatggtaagagacattcttctgatgaaagcacacaacatcaatgccgttagaacttctcattatccgaatcagaca
atttggtatgacctttgtgaccaatatgggctgtatgtaattgatgagacaaatctggagacacatggttcttggagctatgg
acagacagacttaggcggaaatacggtacctggcagtagacctgaatggagagcgaatgtactggatagatgtaattcaatgce
tccaaagagacaaaaaccacccttccatcgtcatctggtcactcggtaacgagtcctttggeggtgataactttgtggetatyg
catgattttcttaagaaagaagacccttccagacttgtccattatgaaggcctctttcactatagagagagcgatgttgectce
tgacattgagagcacaatgtacattagtccggccgatgtggaacagtatgcgcttaatgatccaaagaageccttatattettt
gcgagtatagccatgcaatgggcaactcctgcgggggattgcatctttactgggaagtttttgagaaatatgatattttacag
ggtgcctttatctgggactggattgatcaagcgattcgacttaagcaagccgacggatccatgcatatggectacggcggaga
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cttcggggaatcccecctcatgacggcaacttctgecggaaatggecttgattttegetgaccgttcagtatctectaagetgtatyg
aggtcaagaaatgctaccagaatgttaaatttgaggctgtcgatttagagcgaggcatttatagagtaacaaatcagaatctt
tttacggatttggcggagtacgcactggcttgggaagtaagctgtaacggcaatcctgtgecttaagggtactgttgatctgge
tgtccctgcaggagaatctgcagaaatttctgttcctgtggtcgatgaacctaacctgcaatccgagggcgagecatgtectcea
cgtttagcctgcaattgaagaaatccacactttgggcagacgcaggccatgaagtggcatgggaacaattcctgectgectaca
cctcagtttatggcgggtcaggatcaagactctgttttgacatcagatcgtggtgtgattgtggaggaacaagcagggegttt
aactgttcaggcggcggatgtctcccttcaattcagtacttcaagcggttatctgatctctatgcaaaataaaggcaaggaac
tgctgctcgaacctgttcgtccgaatttctggecgtgcagttacggataacgatcttgggaacaaacaccatgagecgttgegeg
gtttggaatacagcgggagctggctgtacactagcttcecctttgaatctcataagaatgtagatggcgtaactgttegtgectaa
gtacacagtacctacagtacctatttcttcactgattttggaatatagaatccaagaaaatggctccattgaagtctttgaag
agctttcaccgggcatgggcttgccggagattcctgaaattggectcatgtttatecgttgaagatcgactcgacacagtttca
tggtatggcagaggaccgcatgagaattactgggacagaaagacaggcgccagacttggatatttttctggaagtgtccagga
tcagttcgttccgtatattagacctcaagaatgcggaaacaaaacggatgtgcecgttttgeccagtatcactgggggtattaacyg
gctcaggattccgtgtggatggcgatcctgtactggaacttaatgeccttgecttggacacctgectgagttggaagcgaatgat
cacatttataagctgccagccagtaataaaacagttgtgcgtgtgaactacaagcaaatgggtgtaggtggagacaacagctg
gggcgcgacgacacatcctgaattcactttgeccggecggatcaaacttatgggtttagatttacgattagaatggtgectcgage
accaccaccaccaccatcaccatcatcattaaacataaaaaaccggccttggeccccgecggttttttattatttttecttecte
cgcatgttcaatccgctccataatcgacggatggctcecctctgaaaattttaacgagaaacggcgggttgaccecggcectcagtce
ccgtaacggccaagtcecctgaaacgtctcaatcgecgecttececggttteccggtcagetcaatgececgtaacggtecggeggegttt
tcctgataccgggagacggcattcecgtaatcggatcctgactgectgagettatecgatgataagetgtcaaacatgagaattaa
ttcttgaagacgaaagggcctcgtgatacgcctatttttataggttaatgtcatgataataatggtttcttagacgtcaggtyg
gcacttttcggggaaatgtgcgcggaacccctatttgtttatttttctaaatacattcaaatatgtatccgectcatgagacaa
taaccctgataaatgcttcaataatattgaaaaaggaagagtatgagtattcaacatttccgtgtecgeccttatteeccttttt
tgcggcattttgccttcecctgtttttgctcacccagaaacgctggtgaaagtaaaagatgctgaagatcagttgggtgcacgag
tgggttacatcgaactggatctcaacagcggtaagatccttgagagttttcgeccccgaagaacgttttccaatgatgagcact
tttaaagttctgctatgtggcgecggtattatcccgtattgacgeccgggcaagagcaactcggtecgeecgecatacactattcectea
gaatgacttggttgagtactcaccagtcacagaaaagcatcttacggatggcatgacagtaagagaattatgcagtgctgcecca
taaccatgagtgataacactgcggccaacttacttctgacaacgatcggaggaccgaaggagctaaccgecttttttgcacaac
atgggggatcatgtaactcgccttgatcgttgggaaccggagctgaatgaageccataccaaacgacgagcgtgacaccacgat
gcctgtagcaatggcaacaacgttgcgcaaactattaactggcgaactacttactctagcttccecggcaacaattaatagact
ggatggaggcggataaagttgcaggaccacttctgecgctecggececcttececggetggectggtttattgectgataaatctggagece
ggtgagcgtgggtctcgcggtatcattgcagcactggggccagatggtaageccctecccgtategtagttatctacacgacggg
gagtcaggcaactatggatgaacgaaatagacagatcgctgagataggtgcctcactgattaagcattggtaactgtcagacc
aagtttactcatatatactttagattgatttaaaacttcatttttaatttaaaaggatctaggtgaagatcctttttgataat
ctcatgaccaaaatcccttaacgtgagttttcgttccactgagecgtcagacccecgtagaaaagatcaaaggatcttcecttgaga
tcectttttttctgecgegtaatctgectgettgcaaacaaaaaaaccaccgctaccagecggtggtttgtttgecggatcaagage
taccaactctttttccgaaggtaactggcttcagcagagcgcagataccaaatactgtccttctagtgtageccgtagttagge
caccacttcaagaactctgtagcaccgcctacatacctcgctctgctaatcecctgttaccagtggectgectgeccagtggegataa
gtcgtgtcttaccgggttggactcaagacgatagttaccggataaggcgcagecggtcgggctgaacggggggttecgtgcacac
agcccagcttggagcgaacgacctacaccgaactgagatacctacagcgtgagctatgagaaagcgccacgcttcececcgaaggg
agaaaggcggacaggtatccggtaagcggcagggtcggaacaggagagcgcacgagggagctteccagggggaaacgectggta
tctttatagtcctgtcgggtttcgeccacctcectgacttgagegtecgatttttgtgatgectegtcaggggggecggagectatgga
aaaacgccagcaacgcggcctttttacggttcctggecttttgectggecttttgectcacatgttctttecctgegttateccect
gattctgtggataaccgtattaccgcctttgagtgagctgataccgctcgecgcageccgaacgaccgagcgcagcgagtcagt
gagcgaggaagcggaagagcgcctgatgecggtattttctceccttacgcatctgtgecggtatttcacaccgecatatggtgcacte
tcagtacaatctgctctgatgccgcatagttaagccagtatacactccgctatecgectacgtgactgggtcatggetgegecce
gacacccgccaacacccgctgacgcgeccctgacgggecttgtectgectccecggecatcecgettacagacaagectgtgacecgtetece
gggagctgcatgtgtcagaggttttcaccgtcatcaccgaaacgcgcgaggcaggtaaccaacatgattaacaattattagag
gtcatcgttcaaaatggtatgcgttttgacacatccactatatatccgtgtcgttctgtccactcctgaatcccattccagaa
attctctagcgattccagaagtttctcagagtcggaaagttgaccagacattacgaactggcacagatggtcataacctgaag
gaagatctgattgcttaactgcttcagttaagaccgaagcgctcgtcecgtataacagatgcgatgatgcagaccaatcaacatyg
gcacctgccattgctacctgtacagtcaaggatggtagaaatgttgtcggtccttgcacacgaatattacgccatttgcecctge
atattcaaacagctcttctacgataagggcacaaatcgcatcgtggaacgtttgggcttctaccgatttagcagtttgataca
ctttctctaagtatccacctgaatcataaatcggcaaaatagagaaaaattgaccatgtgtaagcggccaatctgattccacc
tgagatgcataatctagtagaatctcttcgctatcaaaattcacttccaccttccactcaccggttgtccattcatggectgaa
ctctgcttcctctgttgacatgacacacatcatctcaatatccgaatagggcccatcagtctgacgaccaagagagccataaa
caccaatagccttaacatcatccccatatttatccaatattcgtteccttaatttcatgaacaatcttcattectttettceteta
gtcattattattggtccattcactattctcattcccttttcagataattttagatttgecttttctaaataagaatatttggag
agcaccgttcttattcagctattaataactcgtcttcctaagcatccttcaateccttttaataacaattatagcatctaatcet
tcaacaaactggcccgtttgttgaactactctttaataaaataatttttccgttcccaattccacattgcaataatagaaaat
ccatcttcatcggctttttcgtcatcatctgtatgaatcaaatcgecttecttctgtgtcatcaaggtttaattttttatgtat
ttcttttaacaaaccaccataggagattaaccttttacggtgtaaaccttcctccaaatcagacaaacgtttcaaattectttt
cttcatcatcggtcataaaatccgtatcctttacaggatattttgcagtttcgtcaattgeccgattgtatatccgatttatat
ttatttttcggtcgaatcatttgaacttttacatttggatcatagtctaatttcattgecctttttccaaaattgaatccattyg
tttttgattcacgtagttttctgtattcttaaaataagttggttccacacataccaatacatgcatgtgctgattataagaat
tatctttattatttattgtcacttccgttgcacgcataaaaccaacaagatttttattaatttttttatattgcatcattcgg
cgaaatccttgagccatatctgacaaactcttatttaattcttcgeccatcataaacatttttaactgttaatgtgagaaacaa
ccaacgaactgttggcttttgtttaataacttcagcaacaaccttttgtgactgaatgccatgtttcattgctctcecctccagt
tgcacattggacaaagcctggatttacaaaaccacactcgatacaactttctttecgectgtttcacgattttgtttatactet
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aatatttcagcacaatcttttactctttcagcctttttaaattcaagaatatgcagaagttcaaagtaatcaacattagcgat
tttcttttctctccatggtctcacttttccactttttgtcttgtccactaaaacccttgatttttcatctgaataaatgctac
tattaggacacataatattaaaagaaacccccatctatttagttatttgtttagtcacttataactttaacagatggggtttt
tctgtgcaaccaattttaagggttttcaatactttaaaacacatacataccaacacttcaacgcacctttcagcaactaaaat
aaaaatgacgttatttctatatgtatcaagataagaaagaacaagttcaaaaccatcaaaaaaagacaccttttcaggtgcett
tttttattttataaactcattccctgatctcgacttecgttctttttttacctctecggttatgagttagttcaaattecgttett
tttaggttctaaatcgtgtttttcttggaattgtgctgttttatcctttaccttgtctacaaaccccttaaaaacgtttttaa
aggcttttaagccgtctgtacgttccttaag

Figure S8: Plasmid map (A) and DNA sequence (B) of plasmid
pPLF_Papre_PhoD_g-gal-Pw_opt.
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