Supplementary Table 1: Protein production and secretion in B. subtilis protease-deficient strains

Product (origin) / Naturally secreted Producing Strain Secreted yield Biological active/ Ref.™

via Sec (Y/N)*? vector/Promoter/SP* Degradation”

L-asparaginase (ASN) (B. subtilis) / Y (original SP pP43NMK/P43 variant (B2, WB600 After deletion of the N-terminal 25- Y/N [1]

mentioned?) -28:A->G, 13:A->G)/WapA residues of ASN 407.6 U/mL (2.5 g/L)

Pullulanase (Bacillus naganoensis) / N pMAQ911/Phpall or WB600, Best yield obtained using WB600 in Y/n.d. [2]
P43/LipA WBS800 combination with SP-/ipA and P43 (24.5 +

0.3 U/ml, 6.28x better than original

(WB800 SP-lipA and P-hpall)
Recombinant alkaline a-amylase (Unknown pMAQ0911-amy/Phpali/n.d.  WB600 Yield increased with 35.0% and Y/N [3]
origin) / Y (mentioned in text?) mut-12# productivity with 8.8%, the extracellular

protein concentration increased 37.9%

when compared to WB600

CotA-laccase (Bacillus pumilus) / N pMAQ911/ Phpall/WapA WB600 373.1U/mL Y/n.d. [4]
y-Polyglutamic acid synthetase (B. subtilis) / N pWB980/P43/n.d. WB600 1.74g/L n.d./N [5]
Cellobiohydrolases (cbhA, celK, celO, cel48Y, pP43JM2/P43/NprB WB600, Efficient secretion for all but CelO. No Y/ [6]
cel48S) and endoglucanase (celA) (Clostridium WBS800 quantification

thermocellum) / n.d.

Keratinase (Bacillus licheniformis) | Y pMAO0911/Phpall/native WB600 323 units/mL (non-induced) Y/N [7]
(JQ8944912)
Xylanase (Thermoanaerobacterium sp) / Y pJX33/Pbj31/native WBS800 (8.4U/ml) Y/Y [8]

(mentioned in text?)



Bacillopeptidase F (B. subtilis) / Y (KT2590452)

Synthesized cecropin A-melittin mutant (U) / n.d.

a-Amylase (Bacillus amyloliquefaciens) /Y

(mentioned in text?)

Lysozyme (Bacillus licheniformis) / Y (mentioned
in text)

Protease (Halobacillus sp) / n.d.

B-1,3-1,4-glucanase (LicB) (C. thermocellum) / Y
(mentioned in text?)

Nattokinase (B. subtilis VTCC-DVN-12-01) / Y
(EF0614572)

Cellobiose 2-epimerase from (Caldicellulosiruptor
saccharolyticus) / n.d.

PA (component of the anthrax toxin)( Bacillus

anthracis) / n.d.

1,3-1,4-B-glucanase(U) / n.d.

pMD18-T/native/+Proseq,

native
pDMO030/Pglv(maltose-
inducible)/SacB

pP43X/P43/32aa (non-
specified)

pGJ203/P43 fused to
PsacB/SacB
pSaltExSePR5/PopuAA
(NaCl induction)/SubE

pP43JM2/P43/NprB

n.d./PacoA/n.d.

pMA09/n.d./n.d.

pHT28pagA/Pgrac/AmyL

WB700

WB700

WB800

WB800

WB800

WB800

WB800

WB800

BRBO7,
BRBOS,
BRB11,
BRB12,
BRB14

WB600

n.d.

159 mg/L

5566 U/mg, 1.48x increased production in
WB800, when compared to wildtype

78 U/ml

9.1U/ml

1.18 U/g cell mass

600 mg/L

5.3 U/mL

BRBO7: Approximately 1 g/L, BRBOS:

Slightly more than 1 g/L, BRB11-14: Slightly
less than 1 g/L

2493.8 U/mL

Y/Y

Y/N

Y/

Y/?

Y/

Y/Y

Y/N

Y/Y

n.d./Y in BRBO7-12,

hardly any
degradation in BRB14

Y/n.d.

(9]

[10]

[11]

[12]**

(13]

[14]

[15]

[16]

(17]

(18]



Paramyosin (Clororchis sinensis) / N (cyst wall)

Pullulanase (Bacillus naganoensis) / N

B-Mannanase (Bacillus clausii) / Y
(WP_041823500.1?)

Phospholipase D (Streptomyces
racemochromogenes) / Y (AB5732322)

L-Asparaginase (Bacillus cereus) / N

GH30-8 endoxylanase (B. subtilis) / Y (mentioned
in text?)
Cel8A endoglucanase fused to LysM cell wall

binding module (C. thermocellum) / n.d.

Endo-inulinase (Pseudomonas mucidolens) / n.d.

Nattokinase / Y (mentioned in text?)

B-galactosidase (Bacillus megaterium) / n.d.
Chitinase (Bacillus sp. DAU101) / Y (mentioned in

text?)

pEBO3-CotC-

CsPmy/PcotC/spore located

pMAQ0911/ Psac/LipA

Pma5/P43/LipA

pMAQ0911/Hpall/AmyE
RBS optimized
pP43NMK/P43/AmyE

pMAO5/n.d./n.d.

pBL113/P IPTG inducible/
PhrC

Integration vector

PHY300PLK/P43/NprB

Integration vector

pBSG03/P08 (CodY biding
sequence deleted)/WapA
pMAO05/n.d./n.d..

pP43NMK/P43/NprB also
RBS optimized

WB600

WB600,
WB800

WB600

WB600

WB600

WB800

WB800,
BRBO7,
BRBOS,
BRB14
WBS800-R

WB800

WB800

WB600

n.d.

Simultaneous DegQ production let to 60%
increased enzyme activity in WB800.

26.5 U/ml

1050 U/ml

24.2 U/ml

374.9 U/ml

55 U/mL

n.d. BRBO8 highest production without

causing secretion stress

67.84+0.72 g/L

292 FU/ml

17.55 U/ml

51.67 U/mL

Y/n.d.

Y/n.d.

Y/n.d.

Y/n.d.

Y/n.d.

Y/N

Y/Y

Y/n.d.

Y/N

Y/n.d.

Y/reduced when
compared to previous

results

(19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

[28]

[29]



Pullulanase (Bacillus naganoensis) / N

Alkaline serine protease (BcaPRO, Bacillus clausii)
/Y (FJ940727.12)

Cyclomaltodextrin glucanotransferase (Bacillus
firmus) / Y (KF270899)

B-mannanase (Bacillus sp. MK-2) / Y
(CAB12407.22)

Nattokinase (B. subtilis natto) / Y (mentioned in

text?)

CIPS/SCIN/IsaA/Nuc (Stapylococcus aureus) / Y
(mentioned in text?)

Diacetylchitobiose deacetylase R157T
(Pyrococcus horikoshii) / N

a-amylase (AmySA K82E/S405R, Bacillus
stearothermophilus) / Y (mentioned in text?)
Recombinant keratinase, KerZ1 (Bacillus
licheniformis) / Y (mentioned in text?)
Polyethylene terephthalate hydrolase (PETase,
Ideonella sakaiensis) / Y (mentioned in text?)
Adenylate deaminase (AMPF, Aspergillus oryzae
GX-08) / Y (mentioned in text?)

Chlorothalonil hydrolytic dehalogenase (Chd,
n.d.)/n.d.

OUC-Lipase 6 (Streptomyces violascens) / N

Chromosomally
inserted/PHpall/LipA
pWPRON/PBsamy-
PBaamy/DacB
pWB980/P43/SacB

pP43NMK/P43/NprB

pMA0911-wapA-pro-

NK/PHpall-PHpall-

PP43/WapA

pRAG3/PspaS/AmyQ

pMAQ0911/P43/ YncM

pBE/PaprE/YojL

pP43NMK/p43/NprB

pUBC19/P43/Amy

pMAS5/PHpall/n.d..

Integrated in
chromosome/PaprE

pP43NMK/P43/NprB

WB800

WB600

WB600

WB800

WB800

WB800

PG10 (mini

Bacillus)

WB600

WS11

(AhrcA)™**

WB600

WB600

WB600

WB800

WB800

30.32 U/ml

18.83 U/ml

27,860 U/ml

1.33 umol B-CD/min/mL

2802 U/mg

816.7 +30.0 FU/mL

Production in mini-Bacillus when this was

not possible in the wt Bacillus strain (168)

3,112.2 U/mg

9201.1U mL-1

426.60 KU/mL

Increased 8 fold when compared to wt SP

2540 U/mL

2622 U/L

Increased activity 3.24 fold

Y/N
Y/Y

Y/n.d.

Y/Y

Y/n.d.

Y/N

Y/Y

Y/Y

Y/n.d.

Y/N

Y/n.d.

Y/n.d.

Y/n.d.

Y/n.d.

(30]

(31]

(32]

(33]

(34]

(35]

(36]

(37]

[38]

[39]

[40]

[41]

[42]



Lantibiotics (B. subtilis) / Y (mentioned in text?) Integration in PG10 (mini n.d., clean background to simplify Y/n.d. [43]
chromosome/Pspank- Bacillus) downstream processing

hy/leader peptide SpaS

erified with SignalP4.1 if a Genbank accession was available

2Where appropriate the Genbank accession code or a reference to the main manuscript is indicated
'Y, yes; N, no; n.d., not described; |, inconclusive

“"References cover the period between 2012 and 2020

“Only the abstract is publicly available.

“*Mutation results in overexpression of chaperones GroEL-GroES and DnaK-Dnal-GrpE



Supplementary Table 2: Protein production and secretion in L. lactis, using various strains and expression systems

Product / Naturally secreted via Sec Producing Strain Secreted yield Biologically active/ Ref™
(Y/N")%2 vector/Promoter/SP* recognized”
Virulence factors (SA0620, FtsL, CIfB, SA2100, pNG4110/PnisA/Usp45 PA1001 mg/L range, post-translational Y (partially done)/Y [44]
Pro-Atl, IsdB) (Staphylococcus aureus) / Y pNG4111/PnisA/Usp45 phosphorylation obtained
(mentioned in text?) pNG4210/PnisA/Usp45
Virulence factors (HtrAl, HtrA2)( S. aureus) /Y  pLB145/PZitR/Exp4 MG1363 2.5 and 2.2 mg/L (HtrAl and HtrA2 resp.)  Y/N [45]
(KF322112 and KF3221112) Max 7 mg
S. aureus virulence factors (LytM, Nuc, Aly, pNG400/PnisA/Usp45 PA1001 22;18.8; 1.4; 4.2 mg/L (LytM, Nuc, Y/Y [46]
SA0620, SA2097) / Y (mentioned in text?) SA2097, Aly resp.)
B-Cyclodextrin Glucanotransferase / Y pNZ8048/PnisA/native-SP NZ9000 SPK1 secretion efficiency higher than Y/Y [47]
(mentioned in text?) (NSP), SPK1 or Usp45 Usp45. Total protein production higher
for Usp45-fusion proteins
Designed Ankyrin Repeat Proteins (DARPins) pNZ8148/PnisA/Usp45 NZ9000 n.d. Y/N [48]
fused to LysM-domain / n.d.
Murine IL-10, murine TGF-B1, human Elafin, pSEC/PnisA/Usp45 NZ9000 (wt) IL-10: 40 ng/ml (wt) Y/ [49]
murine SLP-1 /Y (mentioned in text?) and TGF-B1:50 ng/ml (wt)
NZ9000AhtrA Elafin: 37 ng/ml (wt) vs 55 ng/ml (AhtrA)
(AhtrA) SLP-1: 100% secreted, yield not
quantified (wt)
Kisspeptin / Y (BC022819.12) pNZ401/PnisA/Usp45 + NZ9000 27.9 pg/ml Y/I [50]
LEISSTCDA pro-peptide
B. subtilis originated Subtilisin QK-2 / Y pRFO1 (pNZ8149 NZ9000 Nd Y/ [51]
(AJ579472.22) derivative)/PnisA/Usp45 NZ3900



Mouse heme oxygenase-1/ n.d.

Pancreatitis-associated protein | (PAP) / n.d.

Human interleukin 22 (IL-22) / Y (mentioned in
text?)

HSP65-61A2P2 as autoantigens against T1
diabetes / n.d.

Carcinoembryonic antigen / n.d.

Infectious

bronchitis virus (1BV) multi-epitope EpiC fused
to protein A anchor S. aureus / n.d.
Campylobacter jejuni originated CjaA antigen
presenting CjaD peptide epitopes fused to the
C-terminus of the L. lactis YndF containing the
LPTXG motif / Y (mentioned in text2)
Bacteriocin Pediocin PA-1 /Y (mentioned in

text)

Leuconostoc mesenteroides originated

glucansucrase (Dsrl)*™™* / Y (mentioned in text?)

Thymic stromal lymphopoietin / n.d.

Mature sakacin A (SakA) and its cognate

immunity protein (Sakl), two chimeras

pNZ8148#2:SEC/PnisA/Usp
45
pSEC/PnisA/Usp45

PSEC/PnisA/Usp45

pCYT/PnisA and
pHJ/P32/Usp45
PSEC:LEISS/PnisA/Usp45 +
LEISSTCDA pro-peptide
pNZ8149/PnisA/Usp45

pUWM1000/Pusp45/Uspa5

pSEC/PnisA/Usp45 +
LEISSTCDA or SD pro-
peptide
pMSP3535H3/PnisA/Usp45,

pLB333/PgroESL/Exp4

pNZ8048/PnisA/Usp45
pMG36¢/P32/Usp45

NZ9000

NZ9000

NZ9000

NZ9000

NZ9000

NZ3900

IL1403

NZ9000

LM0230

MG1363

NZ9000

Intracellular production, 5.37 ug/ml

n.d.

10 ng/ml

n.d.

Surface display on L. lactis cells using
LcsB anchor

27 mg/L

n.d., however protein was detected on
the surface of the L. lactis 1L1403

producing cells

~2-4 umol pediocin PA-1 equivalents/g of

dry weight bacteria.

380 mg/L (at pH 6.0, in optimized
fermentation set-up, high copy number
plasmid (45-85 copies per cell))
Maximum of 2500 pg/ml/OD bacteria,
SICE system

3.2 and 4.9 ug/mg dry weight bacteria
producing EntP/SakA or SakA, resp.

Y/N

Y/n.d.

Y/Y

Y/n.d.

Y/Y

Y/Y

Y/

Y/n.d.

Y/

Y/n.d.

Y/N

(52]

(53]

(54]

(55]

(56]

(57]

(58]

[59]

(60]

[61]

(62]



mimicking the N-terminal end of mature
enterocin P (EntP/SakA) and mature enterocin
A (EntA/SakA) together with Sakl / mentioned
in text; SakA contains 18 aa leader peptide,
Sakl not secreted

Panel of 31 recombinant proteins (Plasmodium
falciparum) / mentioned in text; diverse sub-
cellular locations?

Phytase (Escherichia coli) / n.d.

E6 oncoprotein (Human papillomavirus) / n.d.

Tumor necrosis factor-related apoptosis-
inducing ligand (synthetic human) /N
(transmembrane)

Plantaricin E (Lactobacillus plantarum) / Y
(mentioned in text)

Apical membrane antigen 1 (Eimeria tenella) /
N (transmembrane)

Nuclease (S. aureus) / Y (mentioned in text)

Microbial transglutaminase (Streptomyces
mobaraensis) / Y (DQ132977)

MPB70 (Mycobacterium bovis) / Y (mentioned
in text?)

VP1 (enterovirus 71) / n.d. (located on virion

surface)

pSSi/n.d./n.d

pFUMO003/PlacA/Usp45

pNZ8123/PnisA/Usp45

pNZ8124/PnisA/Usp45

pNZ8148/PnisA/PInA

pTX8048/PnisA/Usp45

pS
(integrative)/P170/Usp45
pNZ8048/Pp5 or
PnisA/Usp45 or Usp45(K2A)
pNZ8048e/PnisA/
Usp45TM8
pMG36e/P32/Uspa5

MG1363

NZ9000

NZ9000

NZ9000

NZ3900

NZ9000

NZ9000

NZ9000

NZ9000

MG1363

n.d.

19 U/ml

n.d.

97.4 ng/ml

n.d.

n.d.

n.d.

43.5+0.4 mg/L

n.d.

n.d.

Y/N

Y/N

Y/N

Y/Y

Y/n.d.

Y/Y

Y/N

Y/N

Y/n.d.

Y/n.d.

[63]

(64]

[65]

(66]

[67]

(68]

[69]

[70]

[71]

[72]



B-1,3-1,4-glucanase (Bacillus sp. SJ-10) / n.d.

cyclodextrin glucanotransferase/ Y (mentioned
in text?)

Tumour necrosis factor-related apoptosis-
inducing ligand (Human) / N (transmembrane
protein)

E7 oncoprotein (optiE7; human papillomavirus
type 16) / Y (mentioned in text?)

IMP1 (Eimeria tenella) / N (membrane protein)

Circumsporozoite protein (Plasmodium
falciparum) /Y (mentioned in textZ; sporozoite

surface located)

pNG8149/PnisA/Usp45

pNG8048/PnisA/G1

pNG7021/PpepN/Usp45

pNZ8123/PnisA/Usp45

pTX8048/PnisA/Usp45

pSS1/n.d./n.d.

NZ3900

NZ9000

MG1363

NZ9000

NZ9000

MG1363

n.d.

16.89 U/ml

n.d.

35.49 pg/mL

n.d.

25 mg/L

Y/N

Y/n.d.

Y/Y

Y/N

Y/n.d.

Y/n.d.

(73]

[74]

[75]

[76]

[77]

[78]

Verified with SignalP4.1 if a Genbank accession was available

2Where appropriate the Genbank accession code or a reference to the main manuscript is indicated

'Y, yes; N, no; n.d., not described; I, inconclusive
“*References cover the period between 2012 and 2020

*First publication describing industrial application of L. lactis for secreted protein production
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