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= SUPPLEMENTARY METHODS
Diatom-specific destination vector cloning

Restriction cloning was performed to create a new diatom-specific destination vector for fusion
protein expression in T. pseudonana. The cloning required three steps. Unique restriction sites were
added as indicated below.

First, the ER trafficking sequence was added to pTpfcp/nat plasmid containing an extra T.
pseudonana fcp terminator (fcpT:pTpfcp/nat; an intermediate construct from [1]). Complementary,
overlapping olignonucleotides ASN_Sil3ER_F and XSS_Sil3ER_R (see Table S1) were used in an
untemplated PCR reaction to create a 98 bp amplicon of the 21 amino acid Sil3 ER trafficking
sequence flanked upstream by Apal, Smal, and Nsil restriction sites and downstream by Xhol, Stul,
and Sbfl restriction sites. All six restriction sites are unique in the fepT:pTpfcp/nat plasmid
sequence. Both the ER trafficking sequence amplicon and the fcpT:pTpfcp/nat plasmid were
digested with Apal and Xhol (New England Biolabs) and ligated together. The ER trafficking site
was now located upstream of the fcp terminator.

Second, the T. pseudonana fcp promoter was added immediately adjacent to the ER trafficking
sequence. The fcp promoter was amplified using primers SA_fcpP_F and XZN_fcpP_R (see Table
S2). This reaction created a 1006 bp fcp promoter amplicon that was flanked upstream by Smal and
Apal restriction sites and downstream by Xhol, Zral, and Nsil restriction sites. Both the fcp
promoter amplicon and plasmid created above were digested with Apal and Nsil (New England
Biolabs) and ligated together. The pTpfcp/nat plasmid now contained an additional fcp promoter —



ER trafficking sequence — fcp terminator cassette, where the fcp promoter and ER trafficking
sequence were separated only by an Xhol restriction site.

Finally, the tightly coupled fcp promoter — ER trafficking sequence were moved into the pDDV1
diatom-specific Gateway destination vector [1]. The fcp promoter + ER trafficking sequence cassette
was amplified using primers SA_fcpP_F and SA_Sil3ER_Rb (see Table S2). This reaction created a
1067 bp fcp promoter amplicon that was flanked upstream by Smal and Apal restriction sites and
downstream by Apal and Smal restriction sites. Both the fcp promoter — ER trafficking sequence
amplicon and pDDV1[1] were digested with Apal (New England Biolabs) and ligated together.
Presence and orientation of fcp promoter — ER trafficking sequence were confirmed by BamHI (New
England Biolabs) restriction diagnostic.

Expression clone construction

Invitrogen’s Multi-Site Gateway Pro cloning protocol was used to construct entry clones (Tables S2
and S3) and expression clones containing two or three inserts (Table S4) according to manufacturer
instructions. All entry and expression clones were verified by DNA sequencing (Genewiz). All
diatom expression clones created for this work contain the T. pseudonana constitutive fcp promoter
[2], Sil3ts (a truncated version of the T. pseudonana silaffin 3, which has greater silica targeting
efficiency than the full-length Sil3 protein [3,4]), the tetracysteine tag for binding AsCy3 [5], V5 and
6xHis epitope tags, and the T. pseudonana fcp terminator [2].

Bacterial strains used

All plasmids produced for this work were transformed into and propagated in E. coli strain DH5«a
[F- ¢80lacZAM15 A(lacZY A-argF)U169 recAl end Al hsdR17(rx-, mx*) phoA supE44 A- thi-
1 gyrA96 relAl] from Zymo Research.

Expression of the EA1-EGFP antigen was performed in E. coli strain T7 Express lysY/Iq [MiniF lysY
lacli(CamR) / fhuA2 lacZ:: 17 genel[lon] ompT gal sulA11 R(mcr-73::miniTn10—Tet5)2 [dem] R(zgb-
210::Tn10—TetS) endA1 A(mcrC-mrr) 114::1510] from New England Biolabs, as described previously

[1].



SUPPLEMENTARY TABLES

Table S1: PCR primers for cloning and analysis

Primer Name Use? Sequence Location in Gene
, 5" terminus of T. pseudonana Sil3 gene ER trafficking sequence
ASN_SII3ER_F C SG_(?(;A Ai?g%ﬁéi%ﬁiﬁgﬁéégéﬁgéﬁ; (blu.e) [.6] ; intrcht‘lces {%paI (bold), Smal (underlined‘), and Nisil
(italic) restriction sites; complementary to XSS_Sil3ER_R
s | ¢ | STeTCaAGSCCTGCAoAceccacTcacr | e el oo g P s
- - GGCAGCAGTGGTGGCGAGAACGGCAAGCA-3 s e ’ . ’
Sbfl (italic) restriction sites; complementary to XSS_Sil3ER_F
sasiERRy | ¢ | O°GOCOUGGGCCCOLGOOOCICGATGGE | o terit e e ol and Sl (nderlined)
- - AGCAGTGGTGGCGAGAACGGCAAGCA-3 ’ L
restriction sites
SA_fepP_F C 5-GATCCCGGGCCCGCG 5" terminus of T. pseudonana fcp promoter (green) [2]; introduces
- - CTTTTTCCGAGAACTCC-3' Smal (bold) and Apal (underlined) restriction sites
XZN_fepP_R C 5-CTCTCGAGACGTCATGCATT 3’ terminus of T. pseudonana fcp promoter (green) [2]; introduces
- TTGGTATCGGTTTGGTAAATC-3 Xhol (bold), Zral (underlined), and Nisil (italic) restriction sites
fcpP_MP_Fb I 5-GAAGTAACGTATCTTCCCCCTCGACTGGAT-3' ~200 bp upstream of T. pseudonana fcp promoter 3' terminus
BA_MP_F? I 5'-CTGATGTGCAGCTGCAGGCGTCTGG-3' Common 5' terminus of sd Abea: genes
BA_MP_RP I 5'-TGAGGAGACGGTGACCTGGGTCC-3' Common 3' terminus of sd Abea: genes
Sil3_MP_R®P I 5'-CTAGACTCCTTTGAGGCCTTGGCATCG In exon 3 of T. pseudonana sil3 gene (in T8 fragment)

TpGAPDH_MP_Fb

5-GGACAAACCGTCACCCACGATAAG-3

~300 bp downstream of T. pseudonana GAPDH gene 5' terminus
(Thaps protein ID: 257164)

TpGAPDH_MP_R?

5-TGCGTGCACAGATGGTCTCGTA-3'

~200bp upstream of T. pseudonana GAPDH gene 3' terminus
(Thaps protein ID: 257164)

a: C = diatom destination vector, pDDV2, cloning; I = integration verification PCR

b: These primers were used in previously published work [1]




Table S2: PCR primers for Gateway entry clones

Primer Name Sequence:
BA attBl F 5-GGGGACAAGTTTGTACAAAAAAGCAGGCTCTGATGTGCAGCTGCAGGCGTCTGG-3
_ — attB1 sdAbgai ¢
BA attB5 F 5-GGGGACAACTTTGTATACAAAAGTTGCTGATGTGCAGCTGCAGGCGTCTGG-3
_ _ attB5 sdAbgai ¢
BA attB5r R 5-GGGGACAACTTTTGTATACAAAGTTGTTGAGGAGACGGTGACCTGGGTCC-3’
- - attB5r sdAbgai ¢
BA attB2 R® 5-GGGGACCACTTTGTACAAGAAAGCTGGGTATGAGGAGACGGTGACCTGGGTCC-3
- - attB2 sdAbgai ¢
Cy3 TS attB5 F 5'—GGGGACAACTTTGTATACAAAAGTTGTGTGTTGTAAGGCTGAGGCTGCCTGTTGCGGTGGAGCTCGTGAGGCCAAATCGAAG(;AA/GGAAAGACCG—3'
— - — attB5 Cy3Tag ¢ Sil3rs <
TS attBl F 5-GGGGACAAGTTTGTACAAAAAAGCAGGCTCTAAATCGAAGCAAGGAAAGACCG-3
_ _ attB1 Sil3ts
T8 attB2 R 5-GGGGACCACTTTGTACAAGAAAGCTGGGTACTTCCCACTCTTTCCCTTG-3
_ _ attB2 Sil3ts
T8 Cy3 attB5r R 5'-GGGGACAACTTTTGTATACAAAGTTGTGCAACAGGCAGCCTCAGCCTTACAACAGGCCTCACGAGCTCCACCCTTCCCACTCTTTCCCTTG-S'
- - — attB5r Cy3Tagd Sil3rs’ e

g_E Al_attBl_F 5-GGGGACAAGTTTGTACAAAAAAGCAGGCTCTTCGATTAACTTAACAAGGAGGTTTCAGCTTATGGGTAAAAGCTTTCCGGA-3

5-GGGGACAACTTTGTATACAAGTTGTCAGGTITAGGATTATTTAAAACT-3

EA1_attB5r_Rc
~attBor_ attBbor eag (optimized for E. coli)

a: Important features are highlighted (green = attB site; blue = amplicon sequence) and annotated as to their identity.

b: These primers were used in previously published work [1].

<: Since the sdAbea1 nucleotide sequences are identical at their termini, the same primers could be used to amplify both clone G10 and clone Al.

d: The binding site for the biarsenical probe AsCy3. See [1] for our previous work with AsCy3. The scope of this short communication, however, does
not include work with this small molecule probe.

e: Only the silica-targeting peptide is included in Sil31s sequence.




Table S3: Gateway entry clones

Entry Clone Name pDONR Forward Primer Reverse Primer PCR Template Ref.2
pENTR3/2-sd Abea1/G10 pDONR221 P3-P2 BA_attB3_F BA_attB2_R pET22B(+)-BA G10 [7]
pENTR1/5r-sd Abea1/G10 pDONR221 P1-P5r BA_attB1_F BA_attB5r_R pET22B(+)-BA G10 [7]
pENTR1/5r-sd Abeai/Al pDONR221 P1-P5r BA_attB1_F BA_attB5r_R pET22B(+)-BA Al [7]
pENTR5/2-Cy3Tag-Sil31s’ pDONR221 P5-P2 Cy3_T8 _attB5_F T8_attB2_R DDV1-{/TSCEKG [1]

pENTR1/5r-5il31s’-Cy3Tag pDONR221 P1-P5r T8 _Cy3_attB1_F T8_attB5r_R DDV1-{/T8CEKG [1]
pENTR5/2-sd Abeai/G10 pDONR221 P5-P2 BA_attB5_F BA_attB2_R pET22B(+)-BA G10 [7]
pENTR5/2-sd Abeai/Al pDONR221 P5-P2 BA_attB5_F BA_attB2_R pET22B(+)-BA Al [7]

pENTR1/5r-e-EA1 pDONR221 P1-P5r e_EA1_attB1_F EA1_attB5r_R pUC57-eag [1]

a: All citations refer to the first description of the PCR template.
Table S4: Gateway expression clones
. Destination
Expression Clone Name Vector Entry Clone 1 Entry Clone 2 Entry Clone 3 Ref.
pDDV2- pENTR1/51- PENTR5/2-Cy3Tag- i .
sdAbra1/G10-5il31s pbDV2 sdAbra1/G10 Sil3rs This study
pDDV2- pENTR1/5r-Sil31s - ] ] ,
Sil315/-sd Abeat/G10 pDDV2 Cy3Tag PENTR5/2-sd Abeay/cio This study
pDDV1- i . PENTR4r/3r-Sil3T8- ) .
Sil31s-sd Abeat/G10 pDDV1 pENTR1/4-fcpP Cy3TAG® PENTR3/2-sd Abeai/cio This study
pDDV2- i pENTR5/2-Cy3Tag- i .
sdAbray/A1-Sil31s’ pDDV2 PENTR1/5r-sd Abeai/Al Sil3rs This study
pDDV2- pENTR1/5r-Sil31s'- i i .
Sil315/-sd Abrat/Al pDDV2 Cy3Tag PENTR5/2-sd Abgai/a1 This study
pDDV1- i . PENTR4r/3r-Sil3T8- i .
Sil31-sd Abrat/Al pDDV1 pENTR1/4-fcpP Cy3TAG PENTR3/2-sd Abkai [1]
pEXP2-¢-EA1-EGFP pEXP2-DEST pENTR1/5r-e-EA1 pENTR5/2-EK-EGFP » - This study

a: All citations refer to the creation of the expression clone.

b: These entry clones were created as part of previously published work. See Ref. [1].
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Figure S1. SignalP prediction of ER trafficking sequence. T. pseudonana Sil3 amino acid sequence shown along with
SignalP-5.0 probability for Sec Signal Peptide (SP) at each amino acid position shown in red, Cleavage Sequence (CS)
shown in green, and absence of any kind of signal peptide (Other) shown in yellow. Amino acid positions that are
predicted to be part of a signal peptide are denoted “S,” the predicted signal sequence cleavage site is denoted “C”,

and amino acid positions not predicted to form a signal peptide sequence are denoted “X.”



Figure S2. Illustration of two single domain antibodies bound to antigen. In order to confirm homology modeling
of antigen binding for sdAbeai/Al and sd Abea1/G10 presented in Figure 4 of the text, the best matching sdAbs that
had available structures with bound antigen are shown. (A) sd Abeai/Al-analogous sdAb (rainbow ribbon structure)
bound to Rpn8 and Rpn11 of the 26S proteasome’s deubiquitylation module (purple ribbon structure). The antigen
binds at the side of the sdAb, away from the N-terminus of the sdAb. (B) sd Abea1/Gl0-analogous neutralizing sdAb
(rainbow ribbon structure) bound to Shiga toxin (purple ribbon structure). The antigen binds at the top of the sdAb,
adjacent to the N-terminus of the sdAb. The pdb bank ID of these structures are 4OCN [8] and 4P2C [9], respectively.



= PEPTIDE SEQUENCES OF FUSION CONSTRUCTS

> pDDV1-derived Sil31s-sdAbga1/G10

MHPTFLYKVAMKTSAIVLLAVLATTAAGTKSKQGKTEMSVADAKASKESSMPSSKAAKIFKGKSGKGGAREACCKAEA
ACCTTLYNKVADVQLQASGGGLVQPGGSLKLSCVASGSTFSPDMMRWYRQAPGKQRDLVAWISTSGFTMYADSVKGRFTISR
DNAKNTVYLQMNSLKPEDAAVYYCNANRFSGPDYWGQGTGVTVSSYPAFLYKVVDNSKLEGKPIPNPLLGLDSTRTGHHHHH
H

> pDDV2-derived Sil31s’-sdAbga1/G10

MHMKTSAIVLLAVLATTAATEPRGPELSTSLYKKAGSKSKQGKTEMSVADAKASKESSMPSSKAAKIFKGKSGKGGARE
ACCKAEAACCTTLYTKVADVQLQASGGGLVQPGGSLKLSCVASGSTFSPDMMRWYRQAPGKQRDLVAWISTSGFTMYADSVK
GRFTISRDNAKNTVYLQMNSLKPEDAAVYYCNANRFSGPDYWGQGTGVTVSSYPAFLYKVVDNSKLEGKPIPNPLLGLDSTRTG
HHHHHH

> pDDV2-derived sdAbga1/G10-Sil31s’

MHMKTSAIVLLAVLATTAATEPRGPELSTSLYKKAGSDVQLQASGGGLVQPGGSLKLSCVASGSTFSPDMMRWYRQA
PGKQRDLVAWISTSGFTMYADSVKGRFTISRDNAKNTVYLQMNSLKPEDAAVYYCNANRFSGPDYWGQGTGVTVSSTTLYTKV
VCCKAEAACCGGAREAKSKQGKTEMSVADAKASKESSMPSSKAAKIFKGKSGKYPAFLYKVVDNSKLEGKPIPNPLLGLDSTRTG
HHHHHH

> pDDV1-derived Sil3rs-sdAbga1/Al

MHPTFLYKVAMKTSAIVLLAVLATTAAGTKSKQGKTEMSVADAKASKESSMPSSKAAKIFKGKSGKGGAREACCKAEA
ACCTTLYNKVADVQLQASGGGLVQAGGSLELSCVVVGESIIDYQMAWFRQMPVGREREFVAAITGDSHYSDYSASASGRFTISR
DNAKKTVSLOMNHLKPEDTALYYCAARKGFGINRLSTAFDYWGHGTGVTVSSYPAFLYKVVDNSKLEGKPIPNPLLGLDSTRTGH
HHHHH

> pDDV2-derived Sil3ts’-sdAbgai/Al

MHMKTSAIVLLAVLATTAATEPRGPELSTSLYKKAGSKSKQGKTEMSVADAKASKESSMPSSKAAKIFKGKSGKGGARE
ACCKAEAACCTTLYTKVADVQLQASGGGLVQAGGSLELSCVVVGESIIDYQMAWFRQMPVGREREFVAAITGDSHYSDYSASAS
GRFTISRDNAKKTVSLQMNHLKPEDTALYYCAARKGFGINRLSTAFDYWGHGTGVTVSSYPAFLYKVVDNSKLEGKPIPNPLLGL
DSTRTGHHHHHH

> DDV2-derived sdAbga1/A1-Sil31s’

MHMKTSAIVLLAVLATTAATEPRGPELSTSLYKKAGSDVQLQASGGGLVQAGGSLELSCVVVGESIIDYQMAWFRQMP
VGREREFVAAITGDSHYSDYSASASGRFTISRDNAKKTVSLOQMNHLKPEDTALYYCAARKGFGINRLSTAFDYWGHGTGVTVSST
TLYTKVVCCKAEAACCGGAREAKSKQGKTEMSVADAKASKESSMPSSKAAKIFKGKSGKYPAFLYKVVDNSKLEGKPIPNPLLGL
DSTRTGHHHHHH

Color coding corresponds to Figure 1 in the main text: the ER trafficking sequence is shown in orange font, the
silica-targeting portion of Sil3+s is shown in green font, sdAb sequences are shown in purple font. AsCy3 binding
site as well as V5 and His6 epitope tags are noted in bolded black font.
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