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Supplementary Note 1: The orthogonality of proteomes. E. coli and S. cerevisiae are both
well-developed platforms for the production of pharmaceutically relevant natural products'=.
We chose to use E. coli for this study because its machinery for phosphorylating proteins is
dissimilar from that of eukaryotic cells and thus less likely to interfere with the function of
genetically encoded systems that link the inhibition of PTP1B to cellular growth*. By contrast,
the overexpression of Src kinase in S. cerevisiae is lethal and is mitigated by PTP1B?; these
effects are inconsistent with our biochemical objective. More broadly, S. cerevisiae and humans,
despite having evolved from a common ancestor approximately 1 billion years ago®, share many
functionally equivalent proteins; orthologous genes, in fact, account for more than one-third of
the yeast genome’. Most strikingly, a recent study found that nearly half (47%) of 414 essential
genes from S. cerevisiae could be replaced with human orthologs without growth defects®. This
finding suggests that yeast is a particularly restrictive host for genetically encoded systems that

link arbitrary changes in the activities of human regulatory enzymes to fitness advantage.
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Supplementary Note 2. Identification of sites for saturation mutagenesis. The active sites of
terpene synthases contain constellations of amino acids that guide catalysis by controlling the
conformation space and the solvation environment available to reacting substrates®''. We
identified “plastic” residues likely to modulate these attributes by carrying out the following
steps: (1) We aligned the crystal structures of ABS and TXS. (ii) We selected all residues within
8 A of the substrate analog (2-fluoro-geranylgeranyl diphosphate) of the class I active site of
TXS, and we identified a subset of sites that differed between ABS and TXS. (ii1)) We aligned the
sequences of ABS, TXS, GHS, §-selenine synthase (DSS), and epi-isozizaene synthase (EIS)'2.

(iv) We used Eq. S1 to score each site from step 2 by its variability in volume and hydrophilicity

2
0 0,
§="4 Y (Eq.S1)
n, MNpw

across the five enzymes. In this equation, ¢i% is the variance in volume, 6, is the variance in
Hopp-Woods index!?, and n, and nyw are normalization factors (i.e., the highest variances
measured in this study). (v) We ranked each site according to S and selected the six highest-
scoring sites. We note: We chose ABS and TXS as starting points because they are structurally
similar enzymes (i.e., both possess a, B, and y domains) with crystal structures; we chose GHS,

DSS, and EIS, in turn, because they exhibit mutation-responsive product profiles'®!4.
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Supplementary Fig. 1 | Optimization of the bacterial-two hybrid (B2H) system. We

optimized the transcriptional response of the B2H system by adjusting the strength of various

genetic elements. In three sequential phases, we changed (1) the promoter for Src/CDC37, (2)

the ribosome binding site (RBS) for Src/CDC37, and (3) and the RBS for PTP1B. In phases 1

and 2, we used a PTP1B-deficient system with either a wild-type (WT, EPQYEEIPYL) or a

phosphorylation-deficient (Mut, EPQFEEIPYL) substrate domain. In this figure, “none”

indicates the absence of an additional promoter, and the promoter Prol controls the transcription

of all five genes to its left. In phase 3, we used a complete B2H system with either a wild-type

(WT) or catalytically inactive (C215S, Mut) variant of PTP1B. The remaining B2H components

of each phase are detailed in Supplementary Tables 2 and 7. Error bars denote standard error

with n > 3 biological replicates with exact sample sizes reported in Supplementary Table 8.
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Supplementary Fig. 2 | Analysis of different selection conditions. A comparison of the
antibiotic resistance conferred by B2H systems with different RBSs for PTP1B (see
Supplementary Tables 2 and 8 for the remaining components of each system). Images show the
growth of E. coli on agar plates (LB) seeded from drops of liquid culture (10 pL) with two
biological replicates for each condition. The RBS bb034 confers a greater sensitivity to
spectinomycin on agar plates; concentrations of spectinomycin in the liquid culture, by contrast,
do not have a strong influence on bacterial growth. Informed by this analysis, we incorporated

bb034 into our “optimized” B2H system and ceased adding spectinomycin to liquid culture.
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Supplementary Fig. 3 | Analysis of the products of different terpene synthases. a, Total
terpene titers generated by each TS-specific strain in the absence (red) and presence (blue) of the
B2H system. These results indicate that the B2H system does not disrupt terpenoid biosynthesis.
b, GC/MS chromatograms of the terpenoids generated by the diterpene synthases in the absence
(top) and presence (bottom) of the B2H system ( m/z=272). ¢, GC/MS chromatograms of the

terpenoids generated by the sesquiterpene synthases in the absence (top) and presence (bottom)
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of the B2H system (m/z=204). Similar profiles in b and ¢ indicate that the B2H system does not
alter product distributions. d, Analysis of the contributions of either (i) TS activity or (ii) B2H
function to the death and survival of GHS, ADS, and ABA strains. Inactivation of GHS does not
enhance survival, an indication that this enzyme does not produce growth-inhibiting terpenoids.
Inactivation of either ADS, ABA, or the B2H system, by contrast, weakens the antibiotic
resistance of the ADS and ABA strains; maximal resistance thus requires both terpenoid
production and B2H activation. Labels denote the following controls: D/A, an inactive terpene
synthase (contains a D/A mutation at the catalytic aspartic acid, preventing the initial metal-
binding step in terpene cyclization) ; *, a constitutively active B2H (contains PTP1Bc2iss,
preventing dephosphorylation); X, an inactive B2H (contains a substrate domain with a Y/F
mutation, prohibiting phosphorylation and thus binding with the SH2 domain). Images show LB
plates seeded with drops of liquid culture (10 uL) from two biological replicates. Supplementary
Tables 2 and 8 detail the B2H systems used for these analyses. Error bars in a denote standard
deviation for n > 3 biological replicates with exact sample sizes reported in Supplementary Table

10.
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Supplementary Fig. 4 | Identification and analysis of uncharacterized terpene synthases. a,
We annotated the PF03936 family with Enzyme Commission (EC) numbers from Uniprot. b, We
created a cladogram of this family and selected uncharacterized genes from different clades. c,
We transformed E. coli with plasmids harboring both (i) the B2H system and (ii) terpenoid
pathways (i.e., pMBIScmr + pTS with the selected genes) and grew the transformants in liquid
culture. d, We used drop-based plating (10 pL) of the liquid cultures to evaluate the resistance
conferred by each terpene synthase gene. We note: a B2Hx control for each gene allowed us to
ensure that enhanced resistance came from B2H activation. We selected strains with antibiotic
resistance exceeding 400 pg/ml as hits. e, We grew up hits in liquid culture, extracted their
products with a hexane overlay, and concentrated this overlay by drying it in a rotary evaporator

and/or with compressed air. f, We used GC/MS to identify and quantify the products

(Supplementary Figs. 12-17).
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Uncharacterized

Supplementary Fig. 5 | An annotated cladogram of terpene synthases. This cladogram of the
PF03936 family is surrounded by a heatmap that shows the presence/absence of known EC
numbers of the form 4.2.3.# (which includes terpene cyclization reactions) from the Uniprot
database. We selected three genes from each of eight clades: six with no characterized genes

(red) and two with characterized genes (blue). Supplementary Table 1 summarizes the genes.
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Supplementary Fig. 6 | Analysis of selected genes. We searched for sesquiterpene inhibitors of
PTP1B by screening each of the 24 uncharacterized genes alongside the FPP pathway (i.e.,
pMBIS). These pictures show the antibiotic resistance conferred by each gene. We selected
strains with antibiotic resistance exceeding 400 ug/ml as hits (blue). Importantly, for these genes,
the reduced survival of B2Hx controls indicates that enhanced resistance requires activation of

the B2H system. In the top diagrams, n.m. indicates conditions that were not measured.
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Supplementary Fig. 7 | Product profiles of selected hits. The product profiles of selected hits
(extracted ion chromatograms, m/z = 204). In brief, we grew up hits (i.e., pB2Hopt, pMBIScumgr,
and pTS) in liquid culture for 72 hours. With the exception of AOA0OG2ZSL3, all hits were
grown in 10 mL of 2% TB; AOA0G2ZSL3 was grown in a 4-mL culture of 2% TB. Notably,
both AOAOC9VSL7 and AOA2H3DKU3 generate one dominant product: (+)-1(10),4-
cadinadiene and B-farnesene, respectively. We focused on AOAOC9VSL7 because (+)-1(10),4-

cadinadiene is a structural analog of amorphadiene, an inhibitor identified in our initial screen.
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Supplementary Fig. 8. Evidence of multiple bound conformations. a-b, The 2Fo-Fc¢ electron
density contoured at 0.92 o for the structures of PTP1B bound to (d) amorphadiene (AD) and (e)
a-bisabolol (ABOL). The electron density is different between ligands but does not match a
single bound conformation in either instance and, thus, suggests that both ligands adopt multiple
bound conformations. ¢, Estimates of the average root-mean-square deviation (RMSD) of the
complete system (PL), the protein (P), and the ligand (L) over molecular dynamics (MD)
simulations indicate that both ligands are mobile, while the protein remains relatively fixed. For
both ligands, the average RMSDs of both (i) the re-centered ligand (Int)}—a metric for rotational
and vibrational fluctuations—and (i1) the center of mass (COM) of the ligand—a metric for its
positional deviation—are large, an indication that the ligand can adopt multiple bound
conformations and/or positions. d-e, Crystal structures of PTP1B bound to (d) AD and (e) ABol
show residues that undergo high-frequency contacts. Here, contacts have residue-ligand

distances <4 A, and high frequencies exceed 10% of all snapshots in the MD simulations.
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Supplementary Fig. 9 | Summary of kinetics analyses. a, Aligned crystal structures of PTP1B

(gray, pdb entry 5k9w) and TC-PTP (blue, pdb entry 118k). Highlights on PTP1B: a competitive

inhibitor (orange), the a7 helix (red), and truncation points used for kinetic studies (281 and 283,

the 281-equivalent of TC-PTP). b, Sequence alignment of the a6/7 regions of PTP1B and TC-

PTP. The truncation points used in our kinetics analysis. ¢, aligned structures of the binding sites

of BBR (gray, pdb entry 1t4j), amorphadiene (blue), and a-bisabolol (red). d-m, Initial rates of
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pNPP hydrolysis by various PTP in the presence of increasing concentrations of (d-g)
amorphadiene, (h-k) a-bisabolene, (1) dihydroartimesinic acid, and (m) a-bisabolol inhibition. In
all figures, lines show the best-fit models of inhibition (Supplementary Table 13). Error bars in
d-m represent standard error of at least 3 measurements (Supplementary Table 10). Error in
ICs0’s represent 95% confidence intervals determined from fits to models of inhibition

(Supplementary Table 13).
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Supplementary Fig. 10 | Analysis of PTP1B-mediated IR dephosphorylation . a, A depiction
of insulin signaling in HEK293T/17 cells. Extracellular insulin binds to the transmembrane
insulin receptor (IR), triggering phosphorylation of its intracellular domain. PTP1B, which
localizes to the endoplasmic reticulum (ER) of mammalian cells, dephosphorylates this domain
to regulate downstream signaling pathways. In starved cells, exogenously supplied inhibitors can
permeate the cell membrane and inhibit PTP1B-mediated dephosphorylation of the IR. b, A
screen of inhibitor concentrations for enzyme-linked immunosorbent assay (ELISAs)

An enzyme-linked immunosorbent assay (ELISA) of IR phosphorylation in HEK293T/17 cells
incubated with various concentrations of amorphadiene, a-bisabolene, and their structural

analogues. We used this screen to identify biologically active concentrations of amorphadiene
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and a-bisabolene to study further. ¢, ELISA-based measurements of IR phosphorylation in
HEK293T/17 cells incubated with amorphadiene (AD), a-bisabolene (AB), dihydroartimesnic
acid (DHA), and a-bisabolol (ABOL). Curves denote fits to the four-parameter logistic equation:
y = d+(a-d)/(1+(x/c)"b), where y is absorbance at 450 nm, and x is the sample dilution (e.g., 1
denotes no dilution, 0.5 denotes a 2-fold dilution, and so on; Supplementary Table 12). These
signals indicate that amorphadiene and a-bisabolene can increase IR phosphorylation over a
negative control (3% DMSO) and their less inhibitory analogs. Error bars denote standard error

with n > 3 biological replicates.
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Supplementary Fig. 11 | Full datasets for B2H-mediated antibiotic resistance. a, Biological
replicates for Fig. 2c. b, Biological replicates for Fig. 5a. ¢, Biological replicates for Fig. 5b.

Orange highlights correspond to the data displayed in Figs. 2¢ and 5a-b.
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Supplementary Fig. 12 | GC/MS analysis of amorphadiene production. a, A GC/MS
chromatogram of amorphadiene (95% purity, manufacturer spec; Ambeed). b, The mass

spectrum of the indicated peak from a.
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Supplementary Fig. 13 | GC/MS analysis of y-humulene production. a, A GC/MS
chromatogram shows the production of y-humulene by a strain of E. coli engineered to produce

it (i.e., pMBIS + pGHS). b, The mass spectrum of the indicated peak from a.
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Supplementary Fig. 14 | GC/MS analysis of abietadiene production. a, A GC/MS
chromatogram shows the production of abietadiene by a strain of E. coli engineered to produce it

(i.e., pMBIS + pABS). b, The mass spectrum of the indicated peak from a.
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Supplementary Fig. 15 | GC/MS analysis of taxadiene production. a, A GC/MS
chromatogram of taxadiene standard (70% pure by GC/MS; a kind gift from Phil Baran). b, The

mass spectrum of the indicated peak from a.
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Supplementary Fig. 16 | GC/MS analysis of a-bisabolene production. a, A GC/MS
chromatogram shows the production of a-bisabolene by a strain of E. coli engineered to produce

it (i.e., pMBIS + pABA). b, The mass spectrum of the indicated peak from a.
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Supplementary Fig. 17 | GC/MS analysis of (+)-1(10),4-Cadinadiene. a, A GC/MS
chromatogram shows the production of (+)-1(10),4-Cadinadiene by a strain of E. coli engineered

to produce it (i.e., pMBIS + pAOAOCI9VSL7). b, The mass spectrum of the indicated peak from

a.
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Supplementary Fig. 18| A standard curve for p-nitrophenol (p-NP). We dissolved different
amounts of p-nitrophenol (p-NP) in 100 pL buffer (50 mM HEPES, pH=7.3) and measured the
absorbance of the resulting solutions with a SpectraMax M2 plate reader. A linear fit to this

curve allowed us to convert absorbance measurements taken during kinetic assays (pNPP) to p-

NP concentrations.
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Supplementary Table 1. Gene Sources

Component Organism Plasmid Source
Src H. sapiens pDONR223 SRC WT Addgene: 82165
CDC37 H. sapiens  pBACgus4x/cdc37/RocCOR LRRK2 1867- Addgene: 40398
2176
PTPIB H. sapiens pGEX-2T PTP-1B Addgene: 8602
TC-PTP H. sapiens pBG100-TCPTP Addgene: 33365
LuxAB pABO078d8 Addgene: 79206
RpoZ Escherichi pAB094a Addgene: 79241
a coli
cl434 Escherichi pABO078d8 Addgene: 79206
a virus
Lambda
SH2 Rous Addgene: 78302
sarcoma
virus
pl130cas H. sapiens Synthetic Integrated DNA
Technologies, Inc.
midT H. sapiens Synthetic Integrated DNA
Technologies, Inc.
EGFR H. sapiens Synthetic Integrated DNA
Technologies, Inc.
ShcA H. sapiens Synthetic Integrated DNA
Technologies, Inc.
MBIS S. pMBIS Addgene: 17817
cerevisiae
ADS Artemisia pADS Addgene: 19040
annua
GHS Abies pTrcHUM Addgene: 19003
grandis
ABS Abies pSBET/AgAs Reuben Peters, lowa State
grandis University
XS Taxus M60 David W. Christianson,
brevifola University of
Pennsylvania
ABA Abies pTrc99a Addgene: 35153
grandis
GGPPS Taxus gBlock Integrated DNA
canadensis Technologies, Inc.
S. Synthetic Twist Bioscience
Suecicum
HHBI1020
A0A16645J3 7 ss-3
A040D9X487 | L. perrieri Synthetic Twist Bioscience
F2DRF] H. vulgare Synthetic Twist Bioscience
A2XI80 O. sativa Synthetic Twist Bioscience
0. Synthetic Twist Bioscience
glumipatul
A0A0DY9ZGDI a
S. Synthetic Twist Bioscience
AOAOK9RZTS olaracea
A2 aquim Synthetic Twist Bioscience
AO0AIIIAC30 arinus
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AOAIS3IXW43

A0A0OD3ID8G7

BIIF04
A0A067L3D3

AOAOC2TFL3
A04022S1C8
G4TNA6

AOAIL7TWMZS
A0A0781ZJ5

AOAOCYIVSL7

G20RS0
A0A2H3DKU3

AOAOD2L718

590922
TILTVI
A0A287XU99

A0A0G2ZSL3

N.
tabacum
B.
oleracea
P.
trichocarp
a
J. curcas

A.“Muscar
ia Koide
BX008
E. guttata

S. indica

P.
subalpine
B. napus

S. stellatus
SS14
T.
terrestris
ATC
38088
A2 gallica

H.
sublateriti
um FD-
334 SS-4
C. Fuscus
DSM 2262
T. urartu

H. vulgare

A.Cgephyr
a

Synthetic
Synthetic

Synthetic

Synthetic
Synthetic

Synthetic
Synthetic
Synthetic

Synthetic
Synthetic

Synthetic

Synthetic
Synthetic

Synthetic

Synthetic
Synthetic
Synthetic
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Supplementary Table 2. Plasmids

Plasmid Description Antibiotic* Availabiity
F-plasmid | The F-plasmid from the S1030 strain of E. coli. T AG: 105063*
pB2H» | An early version of B2H that lacks PTP1B and contains K Fox Lab
LuxAB as the GOIL.
pBADiv.s- | Enables inducible expression of Src and CDC37 P AG: TBD
pBADibsu2 | Enables inducible expression of the SH2 domain. P Fox Lab
pBADibs | Enables inducible expression of the substrate domain. B Fox Lab
pBAD .4 | Enables inducible expression of Src, CDC37, the SH2 P Fox Lab
domain, and the substrate domain.
PB2H cp1s0cas | An early version of B2H that (i) lacks PTP1B and Src, (ii) K Fox Lab
contains LuxAB, and (iii) includes a substrate from
p130cas.
PB2Hcmiar | An early version of B2H that (i) lacks PTP1B and Src, (ii) K AG: TBD
contains LuxAB, and (iii) includes a substrate from midT.
PpB2Hicsnes | An early version of B2H that (i) lacks PTP1B and Sr, (ii) K Fox Lab
contains LuxAB, and (iii) includes a substrate from ShCA.
pB2H cecrr | An early version of B2H that (i) lacks PTP1B and Srec, (ii) K Fox Lab
contains LuxAB, and (iii) includes a substrate from EGFR.
pBAD/a | Enables inducible expression of Src and PTP1B. P AG: TBD
pBAD1amu | Enables inducible expression of Src and catalytically P Fox Lab
inactive PTP1B (C215S).
PpB2Hsi.ipror | An early version of B2H that (i) lacks PTP1B, (ii) contains K Fox Lab
LuxAB, (iii) places expression of Src, CDC37, the SH2
domain, and the substrate domain under control of the
same Prol promoter, and (iv) uses the BB034 RBS for Src.
PB2Hsi.1pro1.m | 1dentical to pB2Hs1.1pro1 except for a mutation in the K Fox Lab
u | substrate (Y4F)
pB2Hs1.1pop | An early version of B2H that (i) lacks PTP1B, (ii) contains K AG: TBD
LuxAB, and (iii) includes the ProD promoter and pro RBS
for Src.
PpB2Hsi.1prop.m | 1dentical to pB2Hsi.1prop except for a mutation in the K AG: TBD
u | substrate (Y4F)
PB2Hsi.2pr0 | An early version of B2H that (i) lacks PTP1B, (ii) contains K Fox Lab
LuxAB, and (iii) includes the pro RBS for Src.
PB2Hsi.2promu | 1dentical to pB2Hs1.2pr0 except for a mutation in the K Fox Lab
substrate (Y4F)
pB2Hsi.2sa28 | An early version of B2H that (i) lacks PTP1B, (ii) contains K AG: TBD
LuxAB, and (iii) includes the Sal28 RBS for Src.
PB2Hsi.2sa12s.m | 1dentical to pB2Hs1 2sa128 except for a mutation in the K AG: TBD
u | substrate (Y4F)
pB2Hsi.3res30 | An early version of B2H that (i) contains LuxAB and (ii) K AG: TBD
includes the bb030 RBS for PTP1B.
PB2Hsi sres30 | 1dentical to pB2Hs1.3rBs30 except for a mutation in the K AG: TBD
substrate (Y4F)
PB2Hsi.sres34 | An early version of B2H that (i) contains LuxAB and (ii) K Fox Lab
includes the bb034 RBS for PTP1B.
PB2Hsi srps34 | 1dentical to pB2Hs1.3rBs34 except for a mutation in the K Fox Lab
substrate (Y4F)
PpB2Hs2rps30 | An early version of B2H that (i) contains SpecR and (ii) K Fox Lab
includes the bb030 RBS for PTP1B.
PB2Hs2res30.m | 1dentical to pB2Hs2rBs30 except for an inactivating K Fox Lab
« | mutation in PTP1B (C215S)
pB2H,;: | Final, optimized B2H that (i) contains SpecR and (ii) K AG: TBD

includes the bb034 RBS for PTP1B.
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pBZHopt*
pBZHoth

PpB2H:
PpB2H>+

pB2H>x

pB2Hs
pB2Hs+
pB2Hsx

pB2H >
PpB2H 2+

pB2H 2x

pMBIS

PMBIScmr

pTrc99t

pTSaps
PTSupsn2994)
pTScus
pTScrsms434)
pTSas4
pTSuBawsesa)
pTSass
PpTSussp1044/D
6214)

pTStxs
pTSa04166453
PpTSua040p9x187
PTSr2prRFI
pTSazxis0
PpTS1040092G6D1
DPTSa040k9rz18
pTSa0air1acso
PpTSa04is3xw43
PpTS4040p308G7
pTSBorros
PpTSua0406713D3
pTSa0a0c21rL3
pTSa04022s1C8
pTScatnas
pTSaoa1L7wmzs
pTSa040781275
pTSua0a0covsL7
PpTSG20rs0

Identical to pB2Hopt except for an inactivating mutation in
PTP1B (C215S)

Identical to pB2Hopt except for a mutation in the substrate
domain (Y4F)

Identical to pB2Hopt with TC-PTP in place of PTP1B
Identical to pB2H> except for an inactivating mutation in
TC-PTP (R222M)

Identical to pB2H:2 except for a mutation in the substrate
domain (Y4F)

Identical to pB2Hopt with SHP1 (catalytic domain) in place
of PTP1B

Identical to pB2Hs except for an inactivating mutation in
SHP1 (R459M)

Identical to pB2Hs except for a mutation in the substrate
domain (Y4F)

Identical to pB2Hopt with PTPN12 in place of PTP1B
Identical to pB2H12 except for an inactivating mutation in
PTPNI12 (Y64A)

Identical to pB2Hi2 except for a mutation in the substrate
domain (Y4F)

A plasmid that harbors genes for the mevalonate-
dependent isoprenoid pathway from S. cerevisiae and
harbors a tetracycline resistance marker.

A plasmid that harbors genes for the mevalonate-
dependent isoprenoid pathway from S. cerevisiae and
harbors a chloramphenicol resistance marker.

A pTrc99a variant with Bsal removed for use in Golden
Gate cloning

A plasmid that harbors ADS.

A plasmid that harbors ADS (D299A, inactivating).

A plasmid that harbors GHS.

A plasmid that harbors GHS (D343A, inactivating).

A plasmid that harbors ABA.

A plasmid that harbors ABA (D566A, inactivating).

A plasmid that harbors ABS and GGPPS.

A plasmid that harbors ABS (D404A/D621A, inactivating)
and GGPPS.

A plasmid that harbors TXS and GGPPS.

A plasmid that harbors AOA166A5J3 (Clade 1)

A plasmid that harbors AOA0OD9X487 (Clade 1)

A plasmid that harbors F2DRF1 (Clade 1)

A plasmid that harbors A2XI80 (Clade 2)

A plasmid that harbors AOAOD9ZGD1 (Clade 2)

A plasmid that harbors AOAOK9RZTS (Clade 2)

A plasmid that harbors AOA1I1AC30 (Clade 3)

A plasmid that harbors AOA1S3XW43 (Clade 3)

A plasmid that harbors AOAOD3D8G7 (Clade 3)

A plasmid that harbors B9IF04 (Clade 4)

A plasmid that harbors AOA067L.3D3 (Clade 4)

A plasmid that harbors AOAOC2TFL3 (Clade 4)

A plasmid that harbors AOA022S1C8 (Clade 5)

A plasmid that harbors G4TNA6 (Clade 5)

A plasmid that harbors AOA1L7WMZ8 (Clade 5)

A plasmid that harbors AOA078IZJ5 (Clade 6)

A plasmid that harbors AOAOC9VSL7 (Clade 6)

A plasmid that harbors G2QRSO0 (Clade 6)
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AG: TBD

AG: TBD

AG: TBD
AG: TBD

AG: TBD

AG: TBD

AG: TBD

AG: TBD

AG: TBD
AG: TBD

AG: TBD

AG: 17817

Fox Lab

Fox Lab

AG:19040
Fox Lab
AG:19003
Fox Lab
Fox Lab
Fox Lab
AG: TBD
Fox Lab

AG: TBD

Fox Lab
Fox Lab
Fox Lab
Fox Lab
Fox Lab
Fox Lab
Fox Lab
Fox Lab
Fox Lab
Fox Lab
Fox Lab
Fox Lab
Fox Lab
Fox Lab
Fox Lab
Fox Lab
Fox Lab



PpTSa042030KU3
PpTSa040021718
PpTSs90922
pTSriLrvi
PpTS404287x099
PTS4040G2zs13
PET21bppin

PpETI16Brcprp

A plasmid that harbors AOA2H3DKU3 (Clade 7)

A plasmid that harbors AOAOD2L718 (Clade 7)

A plasmid that harbors S9Q922 (Clade 7)

A plasmid that harbors TILTV1 (Clade 8)

A plasmid that harbors AOA287XU99 (Clade 8)

A plasmid that harbors AOA0G2ZSL3 (Clade 8)

A plasmid that encodes a His-tagged catalytic domain of
PTP1B (for protein expression)

A plasmid that encodes a His-tagged catalytic domain of
TCPTP (for protein expression)

O aooacaoaaan

Fox Lab
Fox Lab
Fox Lab
Fox Lab
Fox Lab
Fox Lab
N/A*

Fox Lab

*Antibiotic resistance: carbenicillin (C, 50 pg/ml), kanamycin (K, 50 ug/ml), tetracycline (T, 10 ug/ml),
chloramphenicol (P, 34 pg/ml), and spectinomycin (S, conditional).
"This plasmid was a kind gift from Nicholas Tonks of Cold Spring Harbor Laboratory.
*AG=Addgene accession # (Addgene.com).
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Supplementary Table 3. Components of various B2H systems.

Component

Name

DNA

Amino Acid

Kinase

Chaperone

c-Src

CDC37

ATGGGCTCCAAGCCGCAGACTCAGGGCCTGGC
CAAGGATGCCTGGGAGATCCCTCGGGAGTCGC
TGCGGCTGGAGGTCAAGCTGGGCCAGGGCTGC
TTTGGCGAGGTGTGGATGGGGACCTGGAACGG
TACCACCAGGGTGGCCATCAAAACCCTGAAGC
CTGGCACGATGTCTCCAGAGGCCTTCCTGCAG
GAGGCCCAGGTCATGAAGAAGCTGAGGCATGA
GAAGCTGGTGCAGTTGTATGCTGTGGTTTCAGA
GGAGCCCATTTACATCGTCACGGAGTACATGA
GCAAGGGGAGTTTGCTGGACTTTCTCAAGGGG
GAGACAGGCAAGTACCTGCGGCTGCCTCAGCT
GGTGGACATGGCTGCTCAGATCGCCTCAGGCA
TGGCGTACGTGGAGCGGATGAACTACGTCCAC
CGGGACCTTCGTGCAGCCAACATCCTGGTGGG
AGAGAACCTGGTGTGCAAAGTGGCCGACTTTG
GGCTGGCTCGGCTCATTGAAGACAATGAGTAC
ACGGCGCGGCAAGGTGCCAAATTCCCCATCAA
GTGGACGGCTCCAGAAGCTGCCCTCTATGGCC
GCTTCACCATCAAGTCGGACGTGTGGTCCTTCG
GGATCCTGCTGACTGAGCTCACCACAAAGGGA
CGGGTGCCCTACCCTGGGATGGTGAACCGCGA
GGTGCTGGACCAGGTGGAGCGGGGCTACCGGA
TGCCCTGCCCGCCGGAGTGTCCCGAGTCCCTGC
ACGACCTCATGTGCCAGTGCTGGCGGAAGGAG
CCTGAGGAGCGGCCCACCTTCGAGTACCTGCA
GGCCTTCCTGGAGGACTACTTCACGTCCACCGA
GCCCCAGTACCAGCCCGGGGAGAACCTCTAA
ATGGTGGACTACAGCGTGTGGGACCACATTGA
GGTGTCTGATGATGAAGACGAGACGCACCCCA
ACATCGACACGGCCAGTCTCTTCCGCTGGCGG
CATCAGGCCCGGGTGGAACGCATGGAGCAGTT
CCAGAAGGAGAAGGAGGAACTGGACAGGGGC
TGCCGCGAGTGCAAGCGCAAGGTGGCCGAGTG
CCAGAGGAAACTGAAGGAGCTGGAGGTGGCC
GAGGGCGGCAAGGCAGAGCTGGAGCGCCTGC
AGGCCGAGGCACAGCAGCTGCGCAAGGAGGA
GCGGAGCTGGGAGCAGAAGCTGGAGGAGATG
CGCAAGAAGGAGAAGAGCATGCCCTGGAACGT
GGACACGCTCAGCAAAGACGGCTTCAGCAAGA
GCATGGTAAATACCAAGCCCGAGAAGACGGAG
GAGGACTCAGAGGAGGTGAGGGAGCAGAAAC
ACAAGACCTTCGTGGAAAAATACGAGAAACAG
ATCAAGCACTTTGGCATGCTTCGCCGCTGGGAT
GACAGCCAAAAGTACCTGTCAGACAACGTCCA
CCTGGTGTGCGAGGAGACAGCCAATTACCTGG
TCATTTGGTGCATTGACCTAGAGGTGGAGGAG
AAATGTGCACTCATGGAGCAGGTGGCCCACCA
GACAATCGTCATGCAATTTATCCTGGAGCTGGC
CAAGAGCCTAAAGGTGGACCCCCGGGCCTGCT
TCCGGCAGTTCTTCACTAAGATTAAGACAGCC
GATCGCCAGTACATGGAGGGCTTCAACGACGA
GCTGGAAGCCTTCAAGGAGCGTGTGCGGGGCC
GTGCCAAGCTGCGCATCGAGAAGGCCATGAAG

S30
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DAWEIPRESLRLE
VKLGQGCFGEVW
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KTLKPGTMSPEAF
LQEAQVMKKLRH
EKLVQLYAVVSEE
PIYIVTEYMSKGSL
LDFLKGETGKYLR
LPQLVDMAAGQIAS
GMAYVERMNYV
HRDLRAANILVGE
NLVCKVADFGLA
RLIEDNEYTARQG
AKFPIKWTAPEAA
LYGRFTIKSDVWS
FGILLTELTTKGR
VPYPGMVNREVL
DQVERGYRMPCP
PECPESLHDLMCQ
CWRKEPEERPTFE
YLQAFLEDYFTST
EPQYQPGENL*

MVDYSVWDHIEV
SDDEDETHPNIDT
ASLFRWRHQARYV
ERMEQFQKEKEEL
DRGCRECKRKVA
ECQRKLKELEVAE
GGKAELERLQAE
AQQLRKEERSWE
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Phospha-
tase

Phospha-
tase

PTP1B

TC-PTP

GAGTACGAGGAGGAGGAGCGCAAGAAGCGGC
TCGGCCCCGGCGGCCTGGACCCCGTCGAGGTC
TACGAGTCCCTCCCTGAGGAACTCCAGAAGTG
CTTCGATGTGAAGGACGTGCAGATGCTGCAGG
ACGCCATCAGCAAGATGGACCCCACCGACGCA
AAGTACCACATGCAGCGCTGCATTGACTCTGG
CCTCTGGGTCCCCAACTCTAAGGCCAGCGAGG
CCAAGGAGGGAGAGGAGGCAGGTCCTGGGGA
CCCATTACTGGAAGCTGTTCCCAAGACGGGCG
ATGAGAAGGATGTCAGTGTGTAA
ATGGAGATGGAAAAGGAGTTCGAGCAGATCGA
CAAGTCCGGGAGCTGGGCGGCCATTTACCAGG
ATATCCGACATGAAGCCAGTGACTTCCCATGT
AGAGTGGCCAAGCTTCCTAAGAACAAAAACCG
AAATAGGTACAGAGACGTCAGTCCCTTTGACC
ATAGTCGGATTAAACTACATCAAGAAGATAAT
GACTATATCAACGCTAGTTTGATAAAAATGGA
AGAAGCCCAAAGGAGTTACATTCTTACCCAGG
GCCCTTTGCCTAACACATGCGGTCACTTTTGGG
AGATGGTGTGGGAGCAGAAAAGCAGGGGTGTC
GTCATGCTCAACAGAGTGATGGAGAAAGGTTC
GTTAAAATGCGCACAATACTGGCCACAAAAAG
AAGAAAAAGAGATGATCTTTGAAGACACAAAT
TTGAAATTAACATTGATCTCTGAAGATATCAAG
TCATATTATACAGTGCGACAGCTAGAATTGGA
AAACCTTACAACCCAAGAAACTCGAGAGATCT
TACATTTCCACTATACCACATGGCCTGACTTTG
GAGTCCCTGAATCACCAGCCTCATTCTTGAACT
TTCTTTTCAAAGTCCGAGAGTCAGGGTCACTCA
GCCCGGAGCACGGGCCCGTTGTGGTGCACTGC
AGTGCAGGCATCGGCAGGTCTGGAACCTTCTG
TCTGGCTGATACCTGCCTCTTGCTGATGGACAA
GAGGAAAGACCCTTCTTCCGTTGATATCAAGA
AAGTGCTGTTAGAAATGAGGAAGTTTCGGATG
GGGCTGATCCAGACAGCCGACCAGCTGCGCTT
CTCCTACCTGGCTGTGATCGAAGGTGCCAAATT
CATCATGGGGGACTCTTCCGTGCAGGATCAGT
GGAAGGAGCTTTCCCACGAGGACCTGGAGCCC
CCACCCGAGCATATCCCCCCACCTCCCCGGCCA
CCCAAACGAATCCTGGAGCCACACAATTGA
ATGCCCACCACCATCGAGCGGGAGTTCGAAGA
GTTGGATACTCAGCGTCGCTGGCAGCCGCTGT
ACTTGGAAATTCGAAATGAGTCCCATGACTAT
CCTCATAGAGTGGCCAAGTTTCCAGAAAACAG
AAATCGAAACAGATACAGAGATGTAAGCCCAT
ATGATCACAGTCGTGTTAAACTGCAAAATGCT
GAGAATGATTATATTAATGCCAGTTTAGTTGAC
ATAGAAGAGGCACAAAGGAGTTACATCTTAAC
ACAGGGTCCACTTCCTAACACATGCTGCCATTT
CTGGCTTATGGTTTGGCAGCAGAAGACCAAAG
CAGTTGTCATGCTGAACCGCATTGTGGAGAAA
GAATCGGTTAAATGTGCACAGTACTGGCCAAC
AGATGACCAAGAGATGCTGTTTAAAGAAACAG
GATTCAGTGTGAAGCTCTTGTCAGAAGATGTG
AAGTCGTATTATACAGTACATCTACTACAATTA
GAAAATATCAATAGTGGTGAAACCAGAACAAT
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Phospha-
tase

Phospha-
tase

SHP1

PTPN12

ATCTCACTTTCATTATACTACCTGGCCAGATTT
TGGAGTCCCTGAATCACCAGCTTCATTTCTCAA
TTTCTTGTTTAAAGTGAGAGAATCTGGCTCCTT
GAACCCTGACCATGGGCCTGCGGTGATCCACT
GTAGTGCAGGCATTGGGCGCTCTGGCACCTTCT
CTCTGGTAGACACTTGTCTTGTTTTGATGGAAA
AAGGAGATGATATTAACATAAAACAAGTGTTA
CTGAACATGAGAAAATACCGAATGGGTCTTAT
TCAGACCCCAGATCAACTGAGATTCTCATACAT
GGCTATAATAGAAGGAGCAAAATGTATAAAGG
GAGATTCTAGTATACAGAAACGATGGAAAGAA
CTTTCTAAGGAAGACTTATCTCCTGCCTTTGAT
CATTCACCAAACAAAATAATGACTGAAAAATA
CAATGGGAACAGATAA
ATGGCTGACATTGAGAACCGAGTGTTGGAACT
GAACAAGAAGCAGGAGTCCGAGGATACAGCC
AAGGCTGGCTTCTGGGAGGAGTTTGAGAGTTT
GCAGAAGCAGGAGGTGAAGAACTTGCACCAGC
GTCTGGAAGGGCAACGGCCAGAGAACAAGGG
CAAGAACCGCTACAAGAACATTCTCCCCTTTG
ACCACAGCCGAGTGATCCTGCAGGGACGGGAC
AGTAACATCCCCGGGTCCGACTACATCAATGC
CAACTACATCAAGAACCAGCTGCTAGGCCCTG
ATGAGAACGCTAAGACCTACATCGCCAGCCAG
GGCTGTCTGGAGGCCACGGTCAATGACTTCTG
GCAGATGGCGTGGCAGGAGAACAGCCGTGTCA
TCGTCATGACCACCCGAGAGGTGGAGAAAGGC
CGGAACAAATGCGTCCCATACTGGCCCGAGGT
GGGCATGCAGCGTGCTTATGGGCCCTACTCTGT
GACCAACTGCGGGGAGCATGACACAACCGAAT
ACAAACTCCGTACCTTACAGGTCTCCCCGCTGG
ACAATGGAGACCTGATTCGGGAGATCTGGCAT
TACCAGTACCTGAGCTGGCCCGACCATGGGGT
CCCCAGTGAGCCTGGGGGTGTCCTCAGCTTCCT
GGACCAGATCAACCAGCGGCAGGAAAGTCTGC
CTCACGCAGGGCCCATCATCGTGCACTGCAGC
GCCGGCATCGGCCGCACAGGCACCATCATTGT
CATCGACATGCTCATGGAGAACATCTCCACCA
AGGGCCTGGACTGTGACATTGACATCCAGAAG
ACCATCCAGATGGTGCGGGCGCAGCGCTCGGG
CATGGTGCAGACGGAGGCGCAGTACAAGTTCA
TCTACGTGGCCATCGCCCAGTTCATTGAAACCA
CTAAGAAGAAGCTGTGA
ATGGAGCAAGTGGAGATCCTGAGGAAATTCAT
CCAGAGGGTCCAGGCCATGAAGAGTCCTGACC
ACAATGGGGAGGACAACTTCGCCCGGGACTTC
ATGCGGTTAAGAAGATTGTCTACCAAATATAG
AACAGAAAAGATATATCCCACAGCCACTGGAG
AAAAAGAAGACAATGTTAAAAAGAACAGATA
CAAGGACATACTGCCATTTGATCACAGCCGAG
TTAAATTGACATTAAAGACTCCTTCACAAGATT
CAGACTATATCAATGCAAATTTTATAAAGGGC
GTCTATGGGCCAAAAGCATATGTAGCAACTCA
AGGACCTTTAGCAAATACAGTAATAGATTTTTG
GAGGATGATATGGGAGTATAATGTTGTGATCA
TTGTAATGGCCTGCCGAGAATTTGAGATGGGA
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Substrate

Substrate

Substrate

Substrate
Substrate

Substrate
Promoter

Promoter

Promoter

Promoter

RBS
RBS
RBS
RBS
GOI

p130cas
midT

ShcA

EGFR
p130cas
Y/F
midT Y/F
pBAD

Prol

placZopt!®

ProD"?

Pro
Sal28*
BB030
BB034
LuxAB

AGGAAAAAATGTGAGCGCTATTGGCCTTTGTA
TGGAGAAGACCCCATAACGTTTGCACCATTTA
AAATTTCTTGTGAGGATGAACAAGCAAGAACA
GACTACTTCATCAGGACACTCTTACTTGAATTT
CAAAATGAATCTCGTAGGCTGTATCAGTTTCAT
TATGTGAACTGGCCAGACCATGATGTTCCTTCA
TCATTTGATTCTATTCTGGACATGATAAGCTTA
ATGAGGAAATATCAAGAACATGAAGATGTTCC
TATTTGTATTCATTGCAGTGCAGGCTGTGGAAG
AACAGGTGCCATTTGTGCCATAGATTATACGTG
GAATTTACTAAAAGCTGGGAAAATACCAGAGG
AATTTAATGTATTTAATTTAATACAAGAAATGA
GAACACAAAGGCATTCTGCAGTACAAACAAAG
GAGCAATATGAACTTGTTCATAGAGCTATTGCC
CAACTGTTTGAAAAACAGCTACAACTATATGA
AATTCATGGAGCTTAA
TGGATGGAGGACTATGACTACGTCCACCTACA
GGGG
GAACCGCAGTATGAAGAAATTCCGATTTATCT
G

GATCATCAGTATTATAACGATTTTCCGGGC

CCGCAGCGCTATCTGGTGATTCAGGGCGAT
TGGATGGAGGACTTTGACTTCGTCCACCTACAG
GGG
GAACCGCAGTTTGAAGAAATTCCGATTTATCTG
AGAAACCAATTGTCCATATTGCATCAGACATT
GCCGTCACTGCGTCTTTTACTGGCTCTTCTCGC
TAACCAAACCGGTAACCCCGCTTATTAAAAGC
ATTCTGTAACAAAGCGGGACCAAAGCCATGAC
AAAAACGCGTAACAAAAGTGTCTATAATCACG
GCAGAAAAGTCCACATTGATTATTTGCACGGC
GTCACACTTTGCTATGCCATAGCATTTTTATCC
ATAAGATTAGCG
TTCTAGAGCACAGCTAACACCACGTCGTCCCTA
TCTGCTGCCCTAGGTCTATGAGTGGTTGCTGGA
TAACTTTACGGGCATGCATAAGGCTCGGTATCT
ATATTCAGGGAGACCACAACGGTTTCCCTCTAC
AAATAATTTTGTTTAACTTTTACTAGAG
CATTAGGCACCCCGGGCTTTACTCGTAAAGCTT
CCGGCGCGTATGTTGTGTCGACCG
TTCTAGAGCACAGCTAACACCACGTCGTCCCTA
TCTGCTGCCCTAGGTCTATGAGTGGTTGCTGGA
TAACTTTACGGGCATGCATAAGGCTCGGTATCT
ATATTCAGGGAGACCACAACGGTTTCCCTCTAC
AAATAATTTTGTTTAACTTTTACTAGAG
GTGCAGTTAAAGAGGAGAAAGGTC
CGAAAAAAAGTAAGGCGGTAATCC
TCTAGAGATTAAAGAGGAGAAATACTAG
TCTAGAAAAGAGGAGAAATACTAG
ATGAAATTTGGAAACTTTTTGCTTACATACCAA
CCTCCCCAATTTTCCCAAACAGAGGTAATGAA
ACGTTTGGTTAAATTAGGTCGCATCTCTGAGGA
GTGTGGTTTTGATACCGTATGGTTACTGGAGCA
TCATTTCACGGAGTTTGGTTTGCTTGGTAACCC
TTATGTCGCTGCTGCATATTTACTTGGCGCGAC
TAAAAAATTGAATGTAGGAACTGCCGCTATTG
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GATKKLNVGTAAI
VLPTAHPVRQLED



TTCTTCCCACAGCCCATCCAGTACGCCAACTTG
AAGATGTGAATTTATTGGATCAAATGTCAAAA
GGACGATTTCGGTTTGGTATTTGCCGAGGGCTT
TACAACAAGGACTTTCGCGTATTCGGCACAGA
TATGAATAACAGTCGCGCCTTAGCGGAATGCT
GGTACGGGCTGATAAAGAATGGCATGACAGAG
GGATATATGGAAGCTGATAATGAACATATCAA
GTTCCATAAGGTAAAAGTAAACCCCGCGGCGT
ATAGCAGAGGTGGCGCACCGGTTTATGTGGTG
GCTGAATCAGCTTCGACGACTGAGTGGGCTGC
TCAATTTGGCCTACCGATGATATTAAGTTGGAT
TATAAATACTAACGAAAAGAAAGCACAACTTG
AGCTTTATAATGAAGTGGCTCAAGAATATGGG
CACGATATTCATAATATCGACCATTGCTTATCA
TATATAACATCTGTAGATCATGACTCAATTAAA
GCGAAAGAGATTTGCCGGAAATTTCTGGGGCA
TTGGTATGATTCTTATGTGAATGCTACGACTAT
TTTTGATGATTCAGACCAAACAAGAGGTTATG
ATTTCAATAAAGGGCAGTGGCGTGACTTTGTAT
TAAAAGGACATAAAGATACTAATCGCCGTATT
GATTACAGTTACGAAATCAATCCCGTGGGAAC
GCCGCAGGAATGTATTGACATAATTCAAAAAG
ACATTGATGCTACAGGAATATCAAATATTTGTT
GTGGATTTGAAGCTAATGGAACAGTAGACGAA
ATTATTGCTTCCATGAAGCTCTTCCAGTCTGAT
GTCATGCCATTTCTTAAAGAAAAACAACGTTC
GCTATTATATTATGGCGGTGGCGGTAGCGGCG
GTGGCGGTAGCGGCGGTGGCGGTAGCGGCGGT
GGCGGTAGCAAATTTGGATTGTTCTTCCTTAAC
TTCATCAATTCAACAACTGTTCAAGAACAGAG
TATAGTTCGCATGCAGGAAATAACGGAGTATG
TTGATAAGTTGAATTTTGAACAGATTTTAGTGT
ATGAAAATCATTTTTCAGATAATGGTGTTGTCG
GCGCTCCTCTGACTGTTTCTGGTTTTCTGCTCG
GTTTAACAGAGAAAATTAAAATTGGTTCATTA
AATCACATCATTACAACTCATCATCCTGTCCGC
ATAGCGGAGGAAGCTTGCTTATTGGATCAGTT
AAGTGAAGGGAGATTTATTTTAGGGTTTAGTG
ATTGCGAAAAAAAAGATGAAATGCATTTTTTT
AATCGCCCGGTTGAATATCAACAGCAACTATTT
GAAGAGTGTTATGAAATCATTAACGATGCTTT
AACAACAGGCTATTGTAATCCAGATAACGATT
TTTATAGCTTCCCTAAAATATCTGTAAATCCCC
ATGCTTATACGCCAGGCGGACCTCGGAAATAT
GTAACAGCAACCAGTCATCATATTGTTGAGTG
GGCGGCCAAAAAAGGTATTCCTCTCATCTTTAA
GTGGGATGATTCTAATGATGTTAGATATGAAT
ATGCTGAAAGATATAAAGCCGTTGCGGATAAA
TATGACGTTGACCTATCAGAGATAGACCATCA
GTTAATGATATTAGTTAACTATAACGAAGATA
GTAATAAAGCTAAACAAGAGACGCGTGCATTT
ATTAGTGATTATGTTCTTGAAATGCACCCTAAT
GAAAATTTCGAAAATAAACTTGAAGAAATAAT
TGCAGAAAACGCTGTCGGAAATTATACGGAGT
GTATAACTGCGGCTAAGTTGGCAATTGAAAAG
TGTGGTGCGAAAAGTGTATTGCTGTCCTTTGAA
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ISDYVLEMHPNEN
FENKLEEIIAENAV
GNYTECITAAKLA
IEKCGAKSVLLSF
EPMNDLMSQKNV
INIVDDNIKKYHT
EYT*



GOI

SpecR

CCAATGAATGATTTGATGAGCCAAAAAAATGT
AATCAATATTGTTGATGATAATATTAAGAAGT
ACCACACGGAATATACCTAA
ATGAGGGAAGCGGTGATCGCCGAAGTATCGAC
TCAACTATCAGAGGTAGTTGGCGTCATCGAGC
GCCATCTCGAACCGACGTTGCTGGCCGTACATT
TGTACGGCTCCGCAGTGGATGGCGGCCTGAAG
CCACACAGTGATATTGATTTGCTGGTTACGGTG
ACCGTAAGGCTTGATGAAACAACGCGGCGAGC
TTTGATCAACGACCTTTTGGAAACTTCGGCTTC
CCCTGGAGAGAGCGAGATTCTCCGCGCTGTAG
AAGTCACCATTGTTGTGCACGACGACATCATTC
CGTGGCGTTATCCAGCTAAGCGCGAACTGCAA
TTTGGAGAATGGCAGCGCAATGACATTCTTGC
AGGTATCTTCGAGCCAGCCACGATCGACATTG
ATCTGGCTATCTTGCTGACAAAAGCAAGAGAA
CATAGCGTTGCCTTGGTAGGTCCAGCGGCGGA
GGAACTCTTTGATCCGGTTCCTGAACAGGATCT
ATTTGAGGCGCTAAATGAAACCTTAACGCTAT
GGAACTCGCCGCCCGACTGGGCTGGCGATGAG
CGAAATGTAGTGCTTACGTTGTCCCGCATTTGG
TACAGCGCAGTAACCGGCAAAATCGCGCCGAA
GGATGTCGCTGCCGACTGGGCAATGGAGCGCC
TGCCGGCCCAGTATCAGCCCGTCATACTTGAA
GCTAGACAGGCTTATCTTGGACAAGAAGAAGA
TCGCTTGGCCTCGCGCGCAGATCAGTTGGAAG
AATTTGTCCACTACGTGAAAGGCGAGATCACC
AAGGTAGTCGGCAAATGA

IRBS designed computationally using the Ribosome Binding Site Calculator.'”
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Supplementary Table 4. Primers used to assemble the bacterial two-hybrid system.

Component F Primer R Primer
RpoZ/HA4 with | GTGCAGTAAGGAGGAAAAAA GTCAGGGGCGGGGTTTTTTTTTAGG
pABO78d8 overhangs GCCCTACTGACTGTTAGCAGGTGC

PpABO78d8 with
RpoZ/HA4 overhang
piece 1

pABO78d8 with
RpoZ/HA4 overhang
piece 2

Sre/CDC37 into
pABO78d8

Insulin Receptor
Substrate_ RpoZ fusion
into pAB078d8*
Insulin Receptor
SH2 cl fusion into
pABO78d8*

Sre/CDC37 into
pBAD33t

RpoZ/pl30cas substrate
into pBAD33t

cl/SH2 into pBAD33t

pB2H 1 Gibson piece 1

pB2H b Gibson piece 2

pB2H b Gibson piece 3

PpB2H b Gibson piece 4

B2H ShcA substrate

CAGTCAGTAGGGCCCTAAAA

TAGCTAAAGCAACCAGAGAG

CAATTCCCCTCTAGAAATAATTTTG

CGCTGTAGAGAAAATTGGTA

GACGCGGAATGGTACTGGGG

ATATGGTCTCACATGTCCAAGCCG
CAGACTCAG

ATATGGTCTCACATGGCACGCGTA
ACTGTTC

ATATGGTCTCACATGAGTATCAGC
AGCAGGGTAAAAAG

ATGACTACGTCCACCTACAGGGGT
AATAACAATTCCCCTCTAGAAATA
ATTTTGTTTAAC

TGAGTTATACACAGGGCTGG

GTGCAGTAAGGAGGAAAAAAAAA
TGGC

TAAAATTCGTAGACTACAAGGACG
ACGATGACAAGTGGTATTTTGGGA
AGATCACTCGT

TAATAACAATTCCCCTCTAGAAAT
AATTTTGTTTAACTTTAAG
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GGTAATTGA

CACAGTTCTCGTCATCAGCTCTCTG
GTTGCTTTAGCTAATACACCATAAG
CATTTTCC

CAGTTACGCGTGCCATTTTTTTTTC
CTCCTTACTGCACTTAGCGTTTCGG
CGCCGGAT

GTCAGGGGCGGGGTTTTTTTTTAGG
GCCCTACTGACTG
TTACACACTGACATCCTTCTCATCG

CAGGGGCGGGGTTTTTTTTTAGGGC
CCTACTGACTGTTATTAGCCAAGAT
CCATCTTCA

GTTACGCGTGCCATTTTTTTTTCCT
CCTTACTGCACTTATTACGAAACCG
GATACAACA

ATATGGTCTCATTTACACACTGACA
TCCTTCTCATCG

ATATGGTCTCATTTACCCCTGTAGG
TGGACG

ATATGGTCTCATTTAGCAGACGTTG
GTCAGGC

AAGATAAAAAGAATAGATCCCAGC
CCTGTGTATAACTCACTACTTTAGT
CAGTTCCGCA

CCCCTGTAGGTGGACGTAGTCATA
GTCCTCCATCCACGCAGCTGCACG
ACGA

GCCCATGGTATATCTCCTTCTTAAA
GT

ACAGTTACGCGTGCCATTTTTTTTT
CCTCCTTACTGCACTTAGCAGACGT
TGGTCAGGC

GGGAATTGTTATTAGCCCGGAAAA
TCGTTATAATACTGATGATCCGCAG
CTGCACGACG



B2H EGFR Substrate

B2H MidT Substrate

BB034 PTP1Bi-321 into
pBAD .

BB034 Src/CDC37

ProD into B2H

ProD Overhang
ProRBS Src/CDC37

Sal28 RBS Src/CDC37

BB030 PTPIB into
PB2Hsi 250128

BB034 PTPIB into
PB2H | 254128

B2H Swap
LuxAB/SpecR

TAATAACAATTCCCCTCTAGAAAT
AATTTTGTTTAACTTTAAG

TAATAACAATTCCCCTCTAGAAAT
AATTTTGTTTAACTTTAAG

GTCAGTGTGTAAGTGCAGAAAGAG
GAGAAATACTAGATGGAGATGGAA
AAGGAGTTCGAG

TAATCTAGAGAAAGAGGAGAAATA
CTAGATGTCCAAGCCGCAGACTC

CTCTAGTAAAAGTTAAACAAAATT
ATTTGTAGAGGG

AACTTTTACTAGAGGAATTCGAGC
TCTTAAAGAGGAGAAAGGTCATGG
GCTCCAAGCCGC

AACTTTTACTAGAG
CGAAAAAAAGTAAGGCGGTAATCC
ATGGGCTCCAAGCCGC

AGTGTGTAAGTGCAGATTAAAGAG
GAGAAATACTAGATGGAGATGGAA
AAGGAGTTCGAG

TCAGTGTGTAAGTGCAGTCACACA
GGAAAGTACTAGATGGAGATGGAA
AAGGAGTTCGAG

GCGTACATTGGCTCCGTTCA
TTTGCCGACTACCTTGGTGATC

GGGAATTGTTATTAATCGCCCTGA
ATCACCAGATAGCGCTGCGGCGCA
GCTGCACGACG

GAATTGTTATTACAGATAAATCGG

AATTTCTTCATACTGCGGTTCCGCA

GCTGCACGACG

CTCATCCGCCAAAACAGCCTCAAT

TGTGTGGCTCCAGGATTCG

TTACACACTGACATCCTTCTCATCG

TTCTAGAGCACAGCTAACACCAC

AAGATAAAAAGAATAGATCCCAGC
CCTGTGTATAACTCACTACTTTAGT
CAGTTCCGCA

GAACCAATGAATGATTTGATGAGC

GTTTTTTTTTAGGGCCCTACTGACT
GTCAATTGTGTGGCTCCAGGATTC

GTTTTTTTTTAGGGCCCTACTGACT
GTCAATTGTGTGGCTCCAGGATTC

GACCTGCAGATTAAAGAGGAGAAA
ATG AGGGAAGCGGTGATCG

*Insulin receptor substrate/SH2 domains'® were used initially, but failed to activate the operon (data not shown)
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Supplementary Table 5. Primers used to assemble pathways for terpenoid biosynthesis.

Component F Primer R Primer
GGPPS into | TATTGAGCTCCACCGCGGAGGAGGAAT TATTGTCGACTTATTTATTACGCTGGAT
pTrc99t | G GATGTAGTC
TXS into | TATTGGTCTCCCATGAGCAGCAGCACTG TATTGGTCTCCGTCCTTCCAACGCATTC
pTrc99t | GCAC AACATGTTG
ABS into | ATAAAGGTCTCCCATGGTGAAACGAGA TATTAGGTCTCGAGCTCTTA
pTrc99t | ATTTCCTCCAG GGCAACTGGTTGGAAGAGGC
pMBIS | AGATCACTACCGGGCGTATTTTTTGAGT GCCGCCGGCTTCCATTTATTACGCCCCG
TetR->CmR | TATCGAGATTTTCAGGAGCTAAGGAAG CCCTG
CTAAAATGGAGAAAAAAATCACTGGAT
ATACCAC
ABA into | AACAATTTCACACAGGAAACAGACCAT GCCTGCAGGTCGACTCTAGATTACAGC
pTrc99 | GGCGGGTGTTTCTGCG GGCAGCGGTTC
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Supplementary Table 6. Primers used for site-directed mutagenesis.

Mutant F Primer R Primer
PTPIB | GTCCAGTACTTTATTGGGGTTCAGGCG ATCTCGGACATGCTCAGTTCCATCCGCC
(C215S) | GATGGAACTGAGCATGTCCGAGAT TGAACCCCAATAAAGTACTGGAC
TCPTP | CAGAGAGAAGGTGCCAGACATCCCAA TGTAGTGCAGGCATTGGGATGTCTGGCA
(R222M) | TGCCTGCACTACA CCTTCTCTCTG
SHP1 | CAATGATGGTGCCTGTCATGCCGATG CAGCGCCGGCATCGGCATGACAGGCAC
(R459M) | CCGGCGCTG CATCATTG
PTPNI2 | GCTGTGATCAAATGGCAGTATGTCCTT GAAAAAGAAGAAAATGTTAAAAAGAAC
(Y644) | CGCTCTGTTCTTTTTAACATTTTCTTCT AGAGCGAAGGACATACTGCCATTTGATC
TTTTC ACAGC
ABS (D4044) | GAGAGAGAATCCTGTTCCTGATATTG  GAAGGCCCATGGCTGTATCCGCAATATC
CGGATACAGCCATGGGCCTTC AGGAACAGGATTCTCTCTC
ABS (D6214) | ACAAAAACTTCCAATTTCACTGTTATT CCATGGGCGTCATAAAGATCCGCTAAA
TTAGCGGATCTTTATGACGCCCATGG ATAACAGTGAAATTGGAAGTTTTTGT
ADS (D2994) | CGTAAGCATCGTAAGTGTCCGCGATC  GCTGTTATCACCCTGATCGCGGACACTT
AGGGTGATAACAGC ACGATGCTTACG
GHS | CCCATGCGTGTCGTATAAGTCCGCTA CGATCTTGATGACAATGTTAGCGGACTT
(D3434) | ACATTGTCATCAAGATCG ATACGACACGCATGGG
MidT | CAGCTGCGGAACCGCAGTTTGAAGAA ATCGGAATTTCTTCAAACTGCGGTTCCG
Substrate | ATTCCGAT CAGCTG
(Y/F)
pl130Cas | TGGATGGAGGACTTTGACTTCGTCCA GTCAAAGTCCTCCATCCACGCAGCTGCA
Substrate | CCTACAGGGGTAATAACAATTC CGACG
(Y/F)
SH2 | CTCTCCGTTTCTGACTTTGACAACGCC AAGTCAGAAACGGAGAGGGCATAGGCA
(Superbinder | AAGGGGCTCAATGTGCTGCACTACAA CCTTTTACCGTCTCGCTCTCCCG
mutations) | GATCCGCAAGCTG
SH2 (L13K | AAACACTACCTGATCCGCAAGCTGGA  GCTGTCCAGCTTGCGGATCAGGTAGTGT
KI5L)* | CAGC TTCACATTGAGCCCCTTGGC"
pTrc99a | TATTGGTCTCTCGCGGTATCATTGCAG TATTGGTCTCAGTGACCCCACACTACCA

(remove Bsal
sites) piece 1

pTrc99a
(remove Bsal
sites) piece 2

ABA D/A

CAC

TATTGGTCTCATCACCCCATGCGAGA
GTAGG

AGGTGTCGTACATGTCCGCCAGAACG
GTCTGCAG

TCGG

TATTGGTCTCACGCGTGACCCACGCTCA
CCG

CTGCAGACCGTTCTGGCGGACATGTACG
ACACCT

*The original superbinder primer mutated the incorrect lysine residue (13 vs. 15). This primer corrects that error.
The residue numbering system used for this protein matches that of Kaneko et. al.'®
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Supplementary Table 7. Development of the B2H system. The accompanying Excel file
provides measurements of OD-normalized luminescence, including error and sample sizes, for
strains containing various B2H systems.

Supplementary Table 8. Analysis of antibiotic resistance. The accompanying Excel file
describes the growth conditions (i.e., antibiotic concentrations in liquid and solid media) and
give the experimental replicates for all analyses of antibiotic resistance.

Supplementary Table 9. Titers of terpenoid-producing pathways. The accompanying Excel file
provides measurements of titers, including error and sample sizes, for strains containing various
TS-specific pathways for terpenoid biosynthesis.

Supplementary Table 10. Kinetics of terpenoid-mediated inhibition. The accompanying Excel
provides the discrete kinetic measurements made in this study, including standard error and exact

sample sizes.

Supplementary Table 11. The accompanying Excel file provides absorbance measurements
made for the completion of ELISAs, including standard error and exact sample sizes.
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Supplementary Table 12a. Scaling factor for amorphadiene/caryophyllene (m/z=204)

Technical Aswa (counts*min)  Arer(counts*min)  Cow (ng/mL)  Cror (ng/mL) R
Replicate
1 \ 74520 88358 20 0.4 0.017
2 \ 71037 142415 20 0.4 0.010
3 \ 75761 49011 20 0.4 0.031

Avg R 0.019 (0.006)
* R was computed using eq. 2. Standard error is shown in parentheses.

Supplementary Table 12b. Scaling factor for taxadiene/caryophyllene (m/z=93)

Technical Aswa (counts*min)  Arer(counts*min)  Cow (ng/mL)  Cror (ng/mL) R
Replicate
1 \ 1399872 847009 20 10 0.83
2 \ 1247250 605265 20 10 1.0
3 \ 1291028 547740 20 10 1.2
\ Avg R 1.0 (0.10)

Supplementary Table 12¢. Scaling factor for amorphadiene/methyl abietate (m/z=121)

Technical Aswa (counts*min)  Arer(counts*min)  Cow (ng/mL)  Cror (ng/mL) R
Replicate
1 \ 949492 868168 20 3.162 0.17
2 \ 920694 908257 20 3.162 0.16
3 \ 898594 1106474 20 3.162 0.13
\ Avg R 0.15 (0.01)
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Supplementary Table 13a. Analysis of the inhibition of PTP1B1.321 by amorphadiene.

Model SSE (uM?/s?) DF Criteria Reference Fit par. (uM)
Competitive \ 0.14 \ 27 \ Ai=51.2 noncompetitive = Ki=2.85
Uncompetitive 0.023 27 Ai=1.16 noncompetitive | Ki=46.3
Noncompetitive 1 0.023 | 27 \ Ki=52.6*
Mixed 0.022 26 F=0.47 noncompetitive | Ki.=86.2
p=0.972 Kiv=50.1

*The SSEs of the uncompetitive and noncompetitive models are indistinguishable from one another.
“*Blue highlights indicate models of best fit.

Supplementary Table 13b. Analysis of the inhibition of PTP1B;.321 by a-bisabolene.

Model SSE (uM?/s?) DF Criteria Reference Fit par. (uM))
Competitive - 0.082 27 CA=39.1 noncompetitive = Ki=1.05
Uncompetitive 0.023 27 A= 3.81 noncompetitive | Ki=11.7
Noncompetitive \ 0.021 ’ 27 ’ Ki=13.1
Mixed 0.020 26 F=0.24 noncompetitive | Kic=9.51
p=1.0 Kiw=13.7

Supplementary Table 13c. Analysis of the inhibition of PTP1B1.321 by alpha bisabolol.

Model SSE (uM?/s?) DF Criteria Reference Fit par. (uM)
Competitive 0.039 27 | A=34.4 uncompetitive | Ki=178
Uncompetitive 0.011 27 Ki=469
Noncompetitive \ 0.013 ] 27 ’ Ai= 4.65 uncompetitive | Ki=541
Mixed 0.011 26 F=0 uncompetitive | Kic=3.5¢'¢
p=1.0 Kiuw=469

Supplementary Table 13d. Analysis of the inhibition of PTP1B;.321 by dihydroartimesnic acid.

Model SSE (uM?/s?) DF Criteria Reference Fit par. (uM)

Competitive - 0.129 27 - A=60.7 noncompetitive =~ Ki=178

Uncompetitive 0.025 27 A=15.2 noncompetitive | Ki=469

Noncompetitive  0.015 27 ! Ki=541

Mixed 0.013 26 F=2.69 noncompetitive | K;i=3.5¢!
P= 6.96_3 Ki,u:469

Supplementary Table 13e. Analysis of the inhibition of TCPTP;.317 by amorphadiene.

Model SSE (uM?/s?) DF Criteria Reference Fit par. (uM)
Competitive 0.053 27 CA=41.1 uncompetitive Ki=87.2
Uncompetitive 0.012 27 Ki=356
Noncompetitive \ 0.013 ] 27 ] Ai=2.22 uncompetitive | Ki=400
Mixed 0.012 26 F=0 uncompetitive | Kic=3.7¢'
p=1.0 Kiun=356

*The SSEs of the uncompetitive and noncompetitive models are indistinguishable from one another.
“*Blue highlights indicate models of best fit.
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Supplementary Table 13f. Analysis of the inhibition of TCPTP.317 by a-bisabolene.

Model SSE (uM?/s?) DF Criteria Reference Fit par. (uM)
Competitive \ 0.046 \ 27 \ Ai=37.6 uncompetitive Ki=13.7
Uncompetitive 0.012 27 Ki=69.2
Noncompetitive \ 0.012 ] 27 ] Ai=1.12 uncompetitive | Ki=76.2
Mixed 0.012 26 F=0 uncompetitive Kic=3610
p=1.0 Kiun=69.3

Supplementary Table 13g. Analysis of the inhibition of PTP1B1.281 by amorphadiene.

Model SSE (uM?/s?) DF Criteria Reference Fit par. (uM)
Competitive £ 0.010 27 CA=163 noncompetitive =~ Ki=37.9
Uncompetitive 0.006 27 A= 3.51 noncompetitive | Ki=210
Noncompetitive \ 0.006 ’ 27 Ki=244
Mixed 0.006 26 F=0.41 noncompetitive | Ki=157
p=10.99 Kiuw=271

Supplementary Table 13h. Analysis of the inhibition of PTP1B.231 by a-bisabolene.

Model SSE (uM?/s?) DF Criteria Reference Fit par. (uM)
Competitive - 0.012 27 | A=144 noncompetitive = Ki=6.51
Uncompetitive 0.008 27 Ai=1.41 noncompetitive | Ki=40.0
Noncompetitive \ 0.007 ’ 27 ’ Ki=46.3
Mixed 0.007 26 F=0 noncompetitive | Ki=39.0
p=1.0 Kiw=47.7

Supplementary Table 13i. Analysis of the inhibition of TCPTPi.281 by amorphadiene.

Model SSE (uM?/s?) DF Criteria Reference Fit par. (uM)
Competitive ©0.005 27 CA=229 uncompetitive Ki=87.2
Uncompetitive 0.002 27 Ki=356
Noncompetitive \ 0.002 ] 27 ’ Ai= 0.83 uncompetitive | Ki=400
Mixed 0.002 26 F=0.03 uncompetitive | Kic=3.7¢'’
p=1.0 Kiuw=356

Supplementary Table 13j. Analysis of the inhibition of TCPTP-231 by a-bisabolene.

Model SSE (uM?/s?) DF Criteria Reference Fit par. (uM)
Competitive - 0.083 27 CA=39.1 noncompetitive = Ki=13.7
Uncompetitive 0.023 27 A= 3.81 noncompetitive | Ki=69.2
Noncompetitive \ 0.021 ’ 27 ’ Ki=76.2
Mixed 0.020 26 F=0 noncompetitive | Ki=3610
p=1.0 Kiun=69.3

Supplementary Table 13k. Analysis of the inhibition of PTP1B1.321 by (+)1-(10),4-cadinadiene

Model SSE (uM?/s?) DF Criteria Reference Fit par. (uM)
Competitive \ 0.115 \ 27 \ Ai=48.3 uncompetitive Ki=14.75
Uncompetitive 0.020 27 Ki=168.09
Noncompetitive \ 0.022 ] 27 ’ Ai=2.5 uncompetitive | Ki=190.44
Mixed 0.020 26 F=0 uncompetitive Ki=5689.38
p=1.0 Kiu=168.78
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Supplementary Table 14. Data collection and refinement statistics (molecular replacement)

PTP1B:amorphadiene PTP1B:a-bisabolol
(6W30) (6W31)

Data collection
Space group
Cell dimensions

a, b, c(A) 89.03, 89.03, 105.56 89.28, 89.28, 105.51

a, B,y (°) 90.00, 90.00, 120.00 90.00, 90.00, 120.00
Resolution (A) 62.26-2.10 (2.13-2.10)* 77.32-2.11 (2.15-2.11)
Rsym OF Rmerge 0.130 (0.442) 0.086 (0.331)
I /ol 5.4(1.0) 6.7 (1.1)
Completeness (%) 99.8 (93.3) 100.0 (98.5)
Redundancy 10.7 (10.8) 12.1 (12.3)
Refinement
Resolution (A) 44.52-2.10 (2.17-2.10) 62.37-2.11 (2.18-2.11)
No. reflections 28,654 28,479
Rwork / Rfree 0.20/0.24 0.19/0.24
No. atoms

Protein 2355 2320

Ligand/ion 22 17

Water 170 270
B-factors

Protein 37 30

Ligand/ion 90/61 66/37

Water 47 43
R.m.s. deviations

Bond lengths (A) 0.42 0.42

Bond angles (°) 0.56 0.54

*Values in parentheses correspond to the highest-resolution shell.
**Number of crystals used for each structure: 1
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Supplementary Table 15. Details of hypothesis testing

Figure  Null hypothesis Au Test DF t 95% P-value
confidence
intervals
3g AD-(-)=0 0.212 t-test, 2 6.61 (0.092,0.332)  0.02
unequal
variance
3g AB-(-)=0 0.310 t-test, 2 13.5 (0.138,0.482) | 0.005
unequal
variance
3g AD-DHA =0 0.124 t-test, 3 3.59 (0.069,0.179)  0.04
unequal
variance
3g AB-ABOL =0 0.309 t-test, 3 12.6 (0.170,0.447) | 0.001
unequal

variance
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