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SUPPLEMENTARY METHODS

Storage of splenocytes. Monoclonal antibody production does not require specialized procedures when
combined with genetic immunization, however, the use of the A/J mouse strain to generate hybridomas is
addressed here. The A/J strain has been used previously to generate monoclonal antibodies upon
splenocyte fusion with a BALB/c-derived myeloma cell line and propagation in ascites within BALB/c mice or
hybrid (BALB/c X A/J) CAF1 mice'3. For later monoclonal production, B cells were isolated from the mice
described in Supplementary Figs. 2 and 3 and stored as follows, based on established protocols*®. A freshly-
isolated spleen was transferred to 15 mL of RPMI-1640 Medium (ATCC #30-2001). The following steps were
done sterilely and at room temperature. The spleen was smashed in a small sterile petri dish with 5 mL of the
medium and using the flat end of a plunger from a 10 mL syringe. Cells were passed through a cell strainer
with 40 um nylon mesh (BD #352340) that was set atop a 50 mL tube. The remaining medium was used to
rinse the plunger and mesh. The cells were transferred to a 15 mL tube, debris was allowed to settle for

2 min, the supernatant was transferred back to the 50 mL tube, and the debris discarded. Cells were
centrifuged at 800g for 5 min, and the supernatant was decanted and discarded. 10 mL of fresh medium was
added, centrifugation was repeated, and the supernatant discarded. A 2 Ml volume of Red Blood Cell Lysing
Buffer, Hybri-Max (Sigma #R7757), was used to completely suspend the cells by gentle pipetting, followed by
incubation for 1 min, and then addition of 10 mL of medium. Cells were washed twice by centrifugation and
suspension in 10 mL and then 5 mL of medium. Cells were passed through 40 um mesh and maintained at
37 °C until use. Live cells counts used Trypan Blue Solution, 0.4% (w/v) in normal saline (CellGro #25-900-
Cl). Cells were adjusted to 107 cells/mL by centrifugation and suspension in 90% Fetal Bovine Serum, Heat
Inactivated (Gibco #10438-026), and 10% tissue culture grade DMSO. 1 mL of cells was transferred to a

2 mL cryovial, which was placed in a room-temperature cryocooler and stored at -80 °C for 1-2 days until
transfer to -150 °C.
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SUPPLEMENTARY FIGURES
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Supplementary Figure 1. Reactivity by ELISA and Western of sera from mice immunized with pCMVi-
LSrCOMPTT constructs. Mice were immunized with pCMVi-LSrCOMPTT constructs that encode for 17
membrane proteins from F. tularensis and ASFV. (a) PilQ. (b) OMEP. (c) BamA. (d) TolC. (e) FopA.

(F) FupA. (g) FupB. (h) FTT0759. (i) Flpp3 lipoprotein. (j) FTT1525. (k) CapA. (I) CapB. (m) CapC.

(n) FTT1406. (o) p54 (Malawi). (p) CD2v. (q) C-type lectin. The total number of boosts by genetic
immunization are listed. Immunization conditions are detailed in the Methods. Antigen with a C-terminal GFP
was used in ELISAs and immunoblots and was generated by IVT-HMB using pRSET-natGFP constructs.
Exceptions were the two partial-length targets (Fig. 1c): FTT0759 antigen fragments were derived from linear
expression elements (LEEs)” encompassing amino acids 1-158 and 149-250, and CD2v antigen fragments
were from LEEs encompassing amino acids 10-202 and 170-355. The FTT0759 and CD2v LEEs generated
target protein fusions containing thioredoxin and a His-tag (diagrams of these constructs are in
Supplementary Fig. 5a,d). The numbers in the ELISA graphs and above the immunoblots indicate the
corresponding mouse number. Reactivity was determined for individual mice or for a pool containing an
equal volume of serum from each of the available mice. “Naive” indicates serum from one untreated mouse.
For the ELISAs, each well contained 100 ng of target protein. Antigen from mock IVT-HMB reactions was
generated in the absence of template DNA. For immunoblots, each lane contained 125 ng of target protein.
Lanes containing molecular weight marker are indicated (M). Red text indicates the expected molecular
weight of the IVT-HMB membrane protein product; migration outside of the expected position is typical of
membrane proteins due to partial denaturation by detergents®®. The serum dilution used in the immunoblots
is listed in the immunoblot inset. Not shown are negative immunoblots, which were defined as blots that
fulfilled any of the following criteria: (i) absence of a band within 20 kDa of the expected molecular weight;
(ii) presence of the same apparent band in a lane containing 0.5 ug of total protein from E. coli BL21(DE3)
that was not transformed with the target ORF; or (iii) presence of the same apparent band in a lane
containing product from a comparable volume of an IVT-HMB reaction that lacked template DNA.
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Supplementary Figure 1 (continued)
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Supplementary Figure 1 (continued)
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Supplementary Figure 1 (continued)
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Supplementary Figure 1 (continued)
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Supplementary Figure 1 (continued)
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Supplementary Figure 1 (continued)
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Supplementary Figure 1 (continued)
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Supplementary Figure 1 (continued)
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MPID-024/FTT1156/PilQ
1 boost by genetic immunization
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Supplementary Figure 2. Sera reactivity for five targets upon immunization with pCMVi-LSrCOMPTT
constructs, plus some IVT-HMB protein boosts. Adjuvants were altered from those in Supplementary
Fig. 1 to replace Class C CpG with Class B, and to include pCMVi-LS-LTA-R192G and pCMVi-LTB in all
immunization steps. Other details are as described in Supplementary Fig. 1. Numbering of mice is continued
from Supplementary Fig. 1. To increase titers after 2 genetic boosts, IVT-HMB protein was injected
intraperitoneally as 1 or 2 additional boosts. IVT-HMB protein was derived from pET-32b-TEV constructs
(Supplementary Fig. 4), which yields different protein fusion tags from those used in the ELISA and
immunoblot analyses. (a) PilQ following DNA boost #1. (b) OMEP following DNA boost #1, and (c) DNA
boost #2. (d) BamA following DNA boost #1, (e) DNA boost #2, and (f) IVT-HMB boost #1. (g) Flpp3
lipoprotein following DNA boost #1. (h) FTT1406 following DNA boost #1, (i) DNA boost #2, (j) IVT-HMB
boost #1, and (k) IVT-HMB boost #2. The immunoblot in (j) for FTT1406 mouse #10 lacked bands near the
expected molecular weight and so was not shown.
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Supplementary Figure 2 (continued)
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Supplementary Figure 2 (continued)
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Supplementary Figure 2 (continued)
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Supplementary Figure 2 (continued)
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Supplementary Figure 2 (continued)
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Supplementary Figure 3. Reactivity of sera from mice immunized with pCMVi-UB constructs that
encode for nine membrane proteins. Details are as described in Supplementary Fig. 1. Membrane protein
targets attempted were only those that yielded little or no sera reactivity upon immunization with pCMVi-
LSrCOMPTT constructs (Fig. 2d). (a) ELISA results from sera following a single boost by genetic
immunization. Sera were analyzed as a pool of equal volumes of serum from the available mice. The legend
indicates the corresponding target used to immunize mice (“serum”) or added to the ELISA wells in the form
of IVT-HMB protein (“antigen”). “Mock” indicates IVT-HMB products from reactions that lacked template
DNA. (b) Positive immunoblots from five mice immunized with a pCMVi-UB construct containing p54 from the
Georgia isolate of ASFV. Sera were obtained following a single boost by genetic immunization.

(¢) Immunoblot from a pool of sera from these five mice following two additional boosts by intraperitoneal
injection of p54 protein obtained from IVT-HMB reactions. Yellow triangles indicate recognition of likely
irrelevant proteins. A serum dilution of 1:2000 was used for the immunoblots in (b,c).
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Supplementary Figure 3 (continued)
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T7 lac promoter + RBS T7 terminator
—

thioredoxin  His6 S-tag| TEV target ORF

bla (AmpR)

Supplementary Figure 4. Schematic of pET-32b-TEV. This vector was used to express full-length target
proteins in IVT-HMB. RBS = ribosome binding site; TEV = Tobacco etch virus protease recognition site.
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a
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T7 lac promoter + RBS TQPPS-FOR T7 terminator
IGGSGL—fragment—FQR _

IGGSGL FTT0759 ORF fragment TQPPS —
—— p T7Ter-REV

e TQPPS-fragment-REV
template = pET-32b-TEV template = pJET1.2-LEE-Trx-FTT07592a59-128

template = FTT0759 subclone

Supplementary Figure 5. Linear expression elements (LEEs) used to express fragments of target
proteins. (a) General schematic of the LEE” DNA constructs for expressing fragments of FTT0759. Colored
lines with single and double arrowheads identify the corresponding primers (Supplementary Table 4) and
template DNAs (Supplementary Table 2), respectively. RBS = ribosome binding site. Also shown are
representative DNA (b) and protein (c) sequences of the LEE construct for the FTT0759 fragment
corresponding to amino acids 59-128. (d) General schematic of the LEE DNA constructs for expressing
fragments of CD2v. Also shown are representative DNA (e) and protein (f) sequences of the LEE construct
for the CD2v fragment corresponding to amino acids 10-202. Colored DNA sequences in (b) and (e)
correspond to colored protein sequences in (¢) and (f), respectively.
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Supplementary Figure 5 (continued)
b

LOCUS LEE\Thio\FTT0759-fragment7-aa59-128 863 bp DNA linear 20-FEB-2015
SOURCE
ORGANISM
FEATURES Location/Qualifiers
CDs 96..422

/vntifkey="4"
/label=thioredoxin
promoter 8..24
/vntifkey="30"
/label=T7\promoter
promoter 27..51
/vntifkey="30"
/label=lacO

RBS 79..87
/vntifkey="32"
/label=

terminator 792..838

/vntifkey="43"
/label=T7\terminator

CDS 441..650
/vntifkey="4"
/label=

mutation 452..452

/vntifkey="62"

/label=modified\codon\usage, \T\to\C
mutation 449..449

/vntifkey="62"

/label=modified\codon\usage, \T\to\C
CDS 96..683

/vntifkey="4"

/label=complete\expressed\protein

misc_feature 666..683
/vntifkey="21"
/label=His6-tag
BASE COUNT 249 a 190 ¢ 196 g 228 t
ORIGIN

1 gcgaaattaa tacgactcac tataggggaa ttgtgagcgg ataacaattc ccctctagaa

61 ataattttgt ttaacttt ata tacatatgag cgataaaatt attcacctga
121 ctgacgacag ttttgacacg gatgtactca aagcggacgg ggcgatc t t
181 gggcagagtg gtgcggtccg tgcaaaatga tcgccccgat tctggatgaa
241 aatatcaggg caaactgacc gttgcaaaac tgaacatcga tcaaaaccct
301 cgaaatatgg catccgtggt atcccgactc tgctgctgtt caaaaacggt
361 caaccaaagt gggtgcactg tctaaaggtc agttgaaaga gttcctcgac
421 ccataggcgg aagcggattg

acccaacctc

661 cctcccacca tcatcatcat cattaataaa agggcgaatt ccagcacact ggcggccgtt
721 actagtggat ccggctgcta acaaagcccg aaaggaagct gagttggctg ctgccaccge
781 tgagcaataa ctagcataac cccttggggce ctctaaacgg gtcttgaggg gttttttget
841 gaaaggagga actatatccg gat

//
C
LOCUS Translation\of\LEE\Thio\FTT0759-fragment7-aa59-128\ 196 aa 20-FEB-2015
DEFINITION Translation of a fragment of LEE Thio FTT0759-fragment7-aa59-128.
KEYWORDS TRANSLATED.
SOURCE
ORGANISM
FEATURES Location/Qualifiers
Region 1..109
/vntifkey="1000"
/label=thioredoxin
Region 116..185
/vntifkey="1000"
/label=
Site 191..196
/vntifkey="264"
/label=His6-tag
ORIGIN

1 msdkiihltd dsfdtdvlka dgailvdfwa ewcgpckmia pildeiadey ggkltvakln
61 idgnpgtapk ygirgiptll lfkngevaat kvgalskggl kefldanlai ggsgl

tgpps hhhhnh
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Supplementary Figure 5 (continued)

d

T7Pro-FOR

—

T7 lac promoter + RBS 3 T7 terminator
GIGGSA-fragment-FCzR BRI RERD PR >

GIGGSA | CD2v ORF fragment | EQKLISEED -
————— < T7Ter-REV

GIGGSA-REV EQKLISEED-fragment-REV
template = pET-32b-TEV template = pJET1.2-LEE-Trx-EP402Raa10-202

template = CD2v subclone
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Supplementary Figure 5 (continued)

e

//

LOCUS
SOURCE
ORGANISM
FEATURES
promoter

CDS

LEE EP402R MPID-022 CD2v aal0-202 Thio

1241 bp

Location/Qualifiers
8..24
/vntifkey="30"
/label=T7\promoter
96..422
/vntifkey="4"
/label=thioredoxin

DNA linear

322 aa

misc_feature 1047..1061
/vntifkey="21"
/label=His5-tag
RBS 79..87
/vntifkey="32"
/label=
CDS 441..1019
/vntifkey="4"
/label=
terminator 1170..1216
/vntifkey="43"
/label=T7\terminator
promoter 27..51
/vntifkey="30"
/label=lacO
CDs 96..1061
/vntifkey="4"
/label=complete\expressed\protein
BASE COUNT 434 a 213 ¢ 227 g 367 t
ORIGIN
1 gcgaaattaa tacgactcac tataggggaa ttgtgagcgg ataacaattc ccctctagaa
61 ataattttgt ttaacttt ata tacatatgag cgataaaatt o
121 ctgacgacag ttttga ~g gatgtactca ggcgatc
181 gggcagagtg gtgcggtccg tgcaaaatga at tctggatgaa
241 aatatcaggg caac ge gttgcaaaac tgaacatcga 2a sjuliefe cgc
301 cgaaatatgg catccgtggt atcccgactc tgctgctgtt caaaaacggt gaagtggcgg
361 caaccaaagt gggtgcactg tctaaaggtc agttgaaaga gttcctcgac
421 ccggtatagg cggaagcgcc
g
1021 aacagaaact gattagcgaa gaagaccatc atcatcatca ttaataaaag ggcgaattcc
1081 agcacactgg cggccgttac tagtggatcc ggctgctaac aaagcccgaa aggaagctga
1141 gttggctgct gccaccgctg agcaataact agcataaccce cttggggeccet ctaaacgggt
1201 cttgaggggt tttttgctga aaggaggaac tatatccgga t
//
LOCUS Translation\of\ LEE EP402R MPID-022 CD2v_aal0-202 Thio
DEFINITION Translation of a fragment of LEE EP402R MPID-022 CD2v_aal0-202 Thio.
KEYWORDS TRANSLATED.
SOURCE
ORGANISM
FEATURES Location/Qualifiers
Region 1..109
/vntifkey="1000"
/label=thioredoxin
Region 116..308
/vntifkey="1000"
/label=
Site 318..322
/vntifkey="264"
/label=H -tag
ORIGIN

1 msdkiihltd dsfdtdvlka dgailvdfwa ewcgpckmia pildeiadey ggkltvakln
61 idgnpgtapk ygirgiptll 1lfkngevaat kvgalskggl kefldanlag iggsa

eq kliseedhhh hi
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SUPPLEMENTARY TABLES

Supplementary Table 1. Target membrane proteins in this study: immunogenicity, physical
characteristics, and role in pathogenesis.

—_ (To
B S g¢ 2
} Q > O > =~ ¢ @ S =
© 2 o 8 ® S Z €~ = 5% v 2
e 5 = c £ sy Bt 5§ @38 2 €5 o8
O 2 0 S 2 S3 t5 © c5g © 2F oo
=] 3 7] © £ 9 5 2= @ ¢ E < E N o))
() (&) c — o QL © N (0]
o = o 7] = © £ c o e} g Q o = + O
N o 3 o o cs &5 & BE§5 O >3 8<%
= o o S o IS 3 - 8T O s 6 o ®
< o ST E & E£% r £- 2=
35 = 3 8% -
] = &0
024 FTT1156 YP_170123 PiQ + +£9 65 B 36% oM
025 FTT1258 YP 170216 COMEP, outer . o 55 B 37%  OM
membrane efflux protein
026 FTT1573 YP_170495 BamA/YaeT + +f 88 B 35% oM
027 FTT1724 YP_170626 TolC + +hh 57 B 36% oM +v
<t
n »
— 028 FTT0583 YP_169607 FopA +  +hghijkl 42 B 34% OM  +WXxy.z
T
8 029 FTT0918 YP_169915 FupA ¢ + +himn 59 B 35% OMlipo¥ +W.aa
2
§ 030 FTT0919 YP_169916 FupB ¢ - +f 53 B 38% oM
o
©
S 032 FTT0759 YP_169769 hypothetical - 34  9-10a  54% IM +W
S
§ 033 FTT1416 YP_170359 Flpp3 lipoprotein ¢ + +h 15  0-1a  31% OMIlipo +W
S
§ 034 FTT1525 YP_170455 Hypothetical + 33 2a 38% IM +W
Iy
035 FTT0807 YP_169814 CapA° + 44 2a 36% IM +W.bb
036 FTT0805 YP_ 169812 CapB + 45 1a 38% IM +w.ce
037 FTT0806 YP_169813 CapC = 17 450  53% M +W.bb
051 FTT1406 YP_170350 hypothetical + +h 44 230 45% IM
p54 envelope protein dd
021 E183L Q89784 d + +0 19 1a 33% IE =
o (Malawi)
£ 9 p54 envelope protein
22 021 E183L CAQ53724 o d +0 19 1a 33% IE +dd
»-s (Georgia)
G ©
© > 022 EP402R CBW46724 CD2v (Georgia) ¢ - +P 41 3-4a  31% OE +ee
Y= Y
< C-type lectin-like #
023 EP153R  CBW46723 o d - +9 18 1a 30% ER +
(Georgia)
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Supplementary Table 1 (continued)

@ MPID number designation is according to the Protein Structure Initiative®.

b FTT numbers and protein names are from'!.

¢ FupA, FupB protein designations are from'?, Flpp3 is from'3, and CapA is from'4.

d Malawi is the ASFV Malawi Lil 20/1 isolate's, and Georgia is the ASFV Georgia 2007/1 isolate's. p54
(Malawi) and p54 (Georgia) have 87% identity.

€ This work. Polyclonal antibodies were produced by genetic immunization and were scored as follows:
+, positive immunoblot obtained for 5 out of 5 mice at 21:500 dilution; %, positive immunoblot obtained for
less than 5 out of 5 mice or at <1:500 dilution; -, no reactivity by immunoblot.

f Polyclonal antibodies were generated in rats injected with purified denatured recombinant protein?’.

9 The target protein was identified by mass spectrometry of a membrane-enriched protein fraction from the
F. tularensis live vaccine strain (LVS) run on 2D-PAGE, upon probing with sera from mice immunized
with F. tularensis LVS™8.

h Proteome microarray signal suggested the presence of target-specific antibody in sera of mice immunized
with killed F. tularensis LVS™®.

" Protein was identified in immunoblots of 2D-PAGE containing total protein from F. tularensis strain FSC033,
using sera of mice immunized with F. tularensis LVS and subsequently challenged with F. tularensis
FSC033%.

J Protein was identified by mass spectrometry of a membrane-enriched protein fraction from F. tularensis LVS
run on 2D-PAGE, upon probing with sera from patients diagnosed with tularemia?'.

k Two-dimensional gel electrophoresis, immunoblotting, and mass spectrometry analyses revealed an
antibody response to this protein in mice experimentally infected with F. tularensis LVS, and in human
patients diagnosed with tularemia, but not in control sera from mice or humans?2.

'Monoclonal antibodies against FopA were isolated following sublethal infection with F. tularensis LVS plus
boosting with sonicated bacteria?.

M Protein was identified in immunoblots using sera from a lab assistant who was accidently infected with
F. tularensis SCHU S424,

" Polyclonal antibodies were raised upon immunization of guinea pigs with a recombinantly-expressed, GST-
tagged fragment (amino acids 25-176) of FupA'2.

° Western analyses with sera from convalescent pigs indicate that p54 is one of the most highly antigenic
proteins in the ASFV proteome?5-26,

P Evidence for immunogenicity of the post-translationally modified (glycosylated) CD2v is a ~75 kDa band
that was detected in immunoblots of protein from baculovirus-infected Sf cells expressing CD2v from
ASFV isolate E75CV; using pig sera following infection with ASFV strain 1207VR1127. A similarly-sized
band was also detected in protein from extracellular particles of ASFV strain BA71V that were isolated
from an infected Vero cell line, using pig sera following immunizations with CD2v-expressing baculovirus-
infected Sf cells?’. Host glycosylation of CD2v effectively doubles this protein’s apparent molecular
weight?8,

9 Rabbit serum with low reactivity (1:100 serum dilution) was reported following peptide immunization?®.

"Shown are the number of a-helical transmembrane domains as predicted using the programs TopPred?°,
TMHMM?3', SOSUI®2, and TMpred33.

S Percentage total by weight of amino acid residues A, F, I, L, V, and W.

t Putative localization to the outer membrane (OM) or inner membrane (IM) is based on protein
designations'!, predicted transmembrane domains (this work), and/or physical determinations'”:34,
Localization of lipoproteins (lipo) to the inner or outer membrane is predicted by the second amino acid
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following the lipidation site, as has been characterized in E. coli®*®. p54 localizes to the inner envelope (IE)
of ASFV?36; CD2v to the outer envelope (OE) of ASFV?7; and the C-type lectin to the endoplasmic
reticulum (ER) of an infected cell line®.

Y Lipoprotein designation was predicted by 7:3940,

v Deletion of tolC in F. tularensis LVS caused significant attenuation of virulence in a mouse model*! and led
to increased secretion of proinflammatory cytokines. TolC delays activation of the intrinsic apoptotic
pathway during infection of primary macrophages and during organ colonization in a mouse model*2.

" The target protein was indicated as a virulence determinant in F. tularensis LVS by signature-tagged
mutagenesis and subsequent infection of a mouse model*3.

X Passive transfer of anti-FopA antibodies allowed 40% survival of mice infected with F. tularensis LVS?3.

¥ FopA-specific antibodies protected against lethal intradermal and intranasal challenges with F. tularensis
LVS but not F. tularensis SCHU S444,

Z Msutagenesis of FopA in Francisella novicida strain U1124% and in F. tularensis strain SCHU S446 |ed to
attenuated growth in macrophages.

aa Mutation of fupA attenuated mouse infection by F. tularensis SCHU S4'2. FupA is also required for high-
affinity ferrous iron uptake'2.

bb1n a whole-genome screen of F. novicida strain U112, mutation of capA or capC led to loss of colonization
of the spleen in an inhalation mouse model*’.

¢ Deletion of capB significantly attenuated infection in either F. tularensis SCHU S48 or F. tularensis LVS*°,

dd p54 mediates specific binding to macrophages®®, recruitment of the endoplasmic reticulum membrane3651,
and binding to dynein, the light chain of the microtubule motor protein3253,

€€ CD2v has roles in hemadsorption®45°5 and immunosuppression®®.

 The C-type lectin is implicated in anti-apoptosis®”, hemadsorption2?, and interaction with the host MHC 138,
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Supplementary Table 2. Plasmid vectors used in this study.

Plasmid name Bgﬁﬁg D58 Usage Reference
Empty parent vectors
pCMVi-LSrCOMPTT EvNO00629005 Genetic immunization This study
pCMVi-UB EvNO00629006 Genetic immunization 59
pCMVi-LS EvNO00631283 Genetic immunization 59
pRSET-natGFP EvNO00623703 GFP-tagged expression 14
pRSET-natGFPHis EvNO00623704 GFP-His-tagged expression 14
pET-32b-TEV EvNO00629003 Thioredoxin-tagged expression This study
pCDF-BAD EvNO00631285 Arabinose-inducible expression in E. coli This study
Accessory vectors for genetic immunization
pCMVi-LS-LTA-R192G EcCD00697199 DNA adjuvant for genetic immunization 60
pCMVi-LS-LTB EcCD00697200 DNA adjuvant for genetic immunization 60
Subclones
FTT0583 in pCMVi-LSrfCOMPTT FtCD00665310 Genetic immunization This study
FTTO759 in pCMVi-LSTCOMPTT FtCD00665313 Genetic immunization This study
FTTO0805 in pCMVi-LSrCOMPTT FtCD00665317 Genetic immunization This study
FTT0806 in pCMVi-LSrCOMPTT FtCD00665321 Genetic immunization This study
FTT0807 in pCMVi-LSrCOMPTT FtCD00665324 Genetic immunization This study
FTT0918 in pCMVi-LSTCOMPTT FtCD00696809 Genetic immunization This study
FTT0919 in pCMVi-LSTCOMPTT FtCD00665293 Genetic immunization This study
FTT1156 in pCMVi-LSTCOMPTT FtCD00696813 Genetic immunization This study
FTT1258 in pCMVi-LSTCOMPTT FtCD00665297 Genetic immunization This study
FTT1406 in pCMVi-LSrfCOMPTT FtCD00696704 Genetic immunization This study
FTT1416 in pCMVi-LSTCOMPTT FtCD00665299 Genetic immunization This study
FTT1525 in pCMVi-LSTCOMPTT FtCD00665303 Genetic immunization This study
FTT1573 in pCMVi-LSrfCOMPTT FtCD00696814 Genetic immunization This study
FTT1724 in pCMVi-LSrCOMPTT FtCD00697212 Genetic immunization This study
E183L in pCMVi-LSTCOMPTT AsCD00665311 Genetic immunization This study
EP153R in pCMVi-LSrfCOMPTT AsCD00665318 Genetic immunization This study
EP402R in pCMVi-LSrfCOMPTT AsCD00665314 Genetic immunization This study
EP402R in pCMVi-LS AsCD00665308 Genetic immunization This study
FTTO0759 in pCMVi-UB FtCD00670281 Genetic immunization This study
FTT0805 in pCMVi-UB FtCD00670287 Genetic immunization This study
FTTO0806 in pCMVi-UB FtCD00670290 Genetic immunization This study
FTT0807 in pCMVi-UB FtCD00670293 Genetic immunization This study
FTT0918 in pCMVi-UB FtCD00696802 Genetic immunization This study
FTT0919 in pCMVi-UB FtCD00696804 Genetic immunization This study
E183L in pCMVi-UB AsCD00670301 Genetic immunization This study
EP153R in pCMVi-UB AsCD00670311 Genetic immunization This study
EP402R in pCMVi-UB AsCD00670306 Genetic immunization This study
FTT0583 in pET-32b-TEV FtCD00696807 Thioredoxin-tagged expression This study
FTTO759 in pET-32b-TEV FtCD00697211 Thioredoxin-tagged expression This study
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FTTO0805 in pET-32b-TEV
FTTO0806 in pET-32b-TEV
FTTO0807 in pET-32b-TEV
FTT0918 in pET-32b-TEV
FTT0919 in pET-32b-TEV
FTT1156 in pET-32b-TEV
FTT1258 in pET-32b-TEV
FTT1406 in pET-32b-TEV
FTT1416 in pET-32b-TEV
FTT1525 in pET-32b-TEV
FTT1573 in pET-32b-TEV
FTT1724 in pET-32b-TEV
E183L in pET-32b-TEV
EP153R in pET-32b-TEV
EP402R in pET-32b-TEV
FTTO0583 in pRSET-natGFP
FTTO759 in pRSET-natGFP
FTTO0805 in pRSET-natGFP
FTTO0806 in pRSET-natGFP
FTT0807 in pRSET-natGFP
FTT0918 in pRSET-natGFP
FTT0919 in pRSET-natGFP
FTT1156 in pRSET-natGFP
FTT1258 in pRSET-natGFP
FTT1406 in pRSET-natGFP
FTT1416 in pRSET-natGFP
FTT1525 in pRSET-natGFP
FTT1573 in pRSET-natGFP
FTT1724 in pRSET-natGFP
E183L in pRSET-natGFPHis
E183L in pRSET-natGFP
EP153R in pRSET-natGFP
EP402R in pRSET-natGFP

pJET-LEE-Thio-FTT0759aa59-128
pJET-LEE-Thio-EP402Raa10-202

pRSET-FTT0583
pRSET-FTT1156
pRSET-FTT1258
pRSET-FTT1525
pCDF-BAD-EcBamA-FTT1573

FtCD00696798
FtCD00670280
FtCD00670285
FtCD00696799
FtCD00696800
FtCD00696801
FtCD00696803
FtCD00670299
FtCD00670304
FtCD00696806
FtCD00696808
FtCD00670317
AsCD00696703
AsCD00670286
AsCD00697195
FtCD00697197
FtCD00670296
FtCD00696717
FtCD00670303
FtCD00670309
FtCD00696720
FtCD00670316
FtCD00696702
FtCD00670279
FtCD00670284
FtCD00670288
FtCD00670292
FtCD00696713
FtCD00670297
AsCD00670283
AsCD00670298
AsCD00670310
AsCD00697198
FtCD00697194
AsCD00697924
FtCD00665298
FtCD00665309
FtCD00665312
FtCD00665315
FtCD00696810

Thioredoxin-tagged expression
Thioredoxin-tagged expression
Thioredoxin-tagged expression
Thioredoxin-tagged expression
Thioredoxin-tagged expression
Thioredoxin-tagged expression
Thioredoxin-tagged expression
Thioredoxin-tagged expression
Thioredoxin-tagged expression
Thioredoxin-tagged expression
Thioredoxin-tagged expression
Thioredoxin-tagged expression
Thioredoxin-tagged expression
Thioredoxin-tagged expression
Thioredoxin-tagged expression
GFP-tagged expression

GFP-tagged expression

GFP-tagged expression

GFP-tagged expression

GFP-tagged expression

GFP-tagged expression

GFP-tagged expression

GFP-tagged expression

GFP-tagged expression

GFP-tagged expression

GFP-tagged expression

GFP-tagged expression

GFP-tagged expression

GFP-tagged expression

GFP-His-tagged expression

GFP-tagged expression

GFP-tagged expression

GFP-tagged expression

PCR template for generation of LEE DNA
PCR template for generation of LEE DNA
Expression of the tag-free target in E. coli
Expression of the tag-free target in E. coli
Expression of the tag-free target in E. coli
Expression of the tag-free target in E. coli
Expression of the tag-free target in E. coli

This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
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Supplementary Table 3. Representative oligonucleotide primers used to generate subclones.

Subclone name Forward and reverse primer sequences (5’ to 3’) @

pCDF-BAD-EcBamA-FTT1573 AAGGAGATATACATATGGCGATGAAAAAGTTGCTCATAG

GCGCCCTCGAGCATACTATTAGAAATTTTGTCCTAATGAGAATTG

pRSET-FTT1156 (tagless) GAAGGAGATATACATATGTTTTTTGCAAAAAAGAAGTTATTAGTTGTTC

CGGAACCTGCTGATCCTCATTTTTGGACTCTTGACTCAATGATTTTTG

FTT1156 in pCMVi-LSrCOMPTT GGTAGCGGAGATCTGATGTTTTTTGCAAAAAAGAAGTTATTAGTTGTTC

GCCATGCAAGCTTATTCATTTTTGGACTCTTGACTCAATGATTTTTG

E183L in pCMVi-UB CGCCTGAGAGGTGCAATGGATTCTGAATTTTTTCAACCGGTTTATC

ATGCCACCCGGGATCCTACAAGGAGTTTTCTAGGTCTTTATGC

FTT1156 in pET-32b-TEV GCGATATCGGATCCGATGTTTTTTGCAAAAAAGAAGTTATTAGTTGTTC
CGGCCGCAAGCTTTCATTTTTGGACTCTTGACTCAATGATTTTTG

FTT1156 in pRSET-natGFP GAAGGAGATATACATATGTTTTTTGCAAAAAAGAAGTTATTAGTTGTTC

CGGAACCTGCTGATCCTTTTTGGACTCTTGACTCAATGATTTTTG

@ Primers were designed for ligation-independent cloning as described in the Methods. Underlined sequence
corresponds to the parent vector, italicized sequence corresponds to the membrane protein, and bold
sequence indicates a stop codon.
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Supplementary Table 4. Oligonucleotide primers used for construction of LEEs.

Primer name @ Sequence (5’ to 3°) ©

Primers for LEE fragments flanking the ORF

T7Pro-FOR GCGAAATTAATACGACTCACTATAGG

GIGGSA-REV GGCGCTTCCGCCTATACCGGCCAGGTTAGCGTCGAGG

IGGSGL-REV CAATCCGCTTCCGCCTAT

T7Ter-REV ATCCGGATATAGTTCCTCCTTTCAG

EQKLISEED-FOR GAACAGAAACTGATTAGCGAAGAAGACCATCATCATCATCATTAATAAAAGGGCG
TQPPS-FOR ACCCAACCTCCCTCCCAC

IGGSGL-fragment-FOR primers

FTTO759aa1F ATAGGCGGAAGCGGATTGATGAACTCTTCATTAACAAAAGGCTACG
FTT0759aa149F ATAGGCGGAAGCGGATTGGCGGAATGCTTAAATGGTGTTCAG
FTT0759aa59F ATAGGCGGAAGCGGATTGAAGACATTC * TTC*CCACGGCTTAATC ©
FTTO0759aa179F ATAGGCGGAAGCGGATTGAAGTGTTGTGTTAGAGAAGGTGTAC
FTTO0759aa120F ATAGGCGGAAGCGGATTGAATCTCAAAGTAAATCAACAAGCTAAAATTGG

TQPPS-fragment-REV primers

FTT0759aa158R GGAGGGAGGTTGGGTGTTAATCTGAACACCATTTAAGCATTCC
FTT0759aa305R GGAGGGAGGTTGGGTATTGCCAGACTTACGATTAACTGCAG
FTT0759aa250R GGAGGGAGGTTGGGTACCTATTTCTTCAAGAGCTCCTAAATAC
FTT0759aa220R GGAGGGAGGTTGGGTATCGGTATATGCTAACTGAGAAAAATCAG
FTT0759aa128R GGAGGGAGGTTGGGT TTTAGCTTGTTGATTTACTTTGAGATTAAAAATATAG
FTT0759aa192R GGAGGGAGGTTGGGTATTTATTGTGATCATGTGTACACCTTCTC

GIGGSA-fragment-FOR primers

CD2vaa10F GGTATAGGCGGAAGCGCC TCTAACATAGTTTTAAGTATTGATTATTGGGTTAG

CD2vaa170F GGTATAGGCGGAAGCGCCGCTACATGTATAATTAATAATACAATTAGTACATC

EQKLISEED-fragment-REV primers

CD2vaa202R GTCTTCTTCGCTAATCAGTTTCTGTTCAAAAGTATAAAAATAGTTAGATGACAATGTTAAATAAG

CD2vaa355R GTCTTCTTCGCTAATCAGTTTCTGTTCGTGAATAAGCGAAATATTTTGGGTAGATAATG

@ Coloring corresponds to that used in Supplementary Fig. 5a,d. The underlined protein sequences in the left
column of the table correspond to the underlined primer sequences in the right column of the table.

b |talicized sequences correspond to FTT0759 or CD2v.
¢ “C*” indicates modification from a T nucleotide in order to adjust the Tr of the primer. The protein sequence
was not affected.
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