SUPPLEMENTAL MATERIAL

Recursive genome engineering decodes the evolutionary origin
of an essential thymidylate kinase activity in Pseudomonas putida KT2440
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Table $1. Oligonucleotides used in this study.

Name Sequence (5—3) Application Template Product
pSNW-USER_F AGTCGACCUGCAGGCATGCAAGCTTCT Linearization of suicide vector pPSNW2 Vector pPSNW2 (1) Linearized bSNW2
pSNW-USER_R AGGATCUAGAGGATCCCCGGGTACCG Linearization of suicide vector pSNW2 Vector pSNW2 (1) P

stitch_tmk_HA1_F

AGATCCUCGCAGCAAGAGGCCAAG

Amplification of HA1 for the deletion of tmkC®' to
restore tmk

P. putida KT2440 genomic DNA

stitch_tmk_HA1_R

AGGTGGCGUCCGTGAAACGGTCACACAGC

Amplification of HA1 for the deletion of tmk®' to
restore tmk

P. putida KT2440 genomic DNA

stitch_tmk_HA2_F

ACGCCACCUATGCCTATCAG

Amplification of HA1 for the deletion of tmk€' to
restore tmk

P. putida KT2440 genomic DNA

stitch_tmk_HA2_R

AGGTCGACUAAGCAACCACCGTCTGAAC

Amplification of HA1 for the deletion of tmk®' to
restore tmk

P. putida KT2440 genomic DNA

pSNW2:-stich-tmk

Construction of pPSNW2-AtmkS! and

del-tmk_HA1_F AGATCCUGGTATGATGCTGCAGACCG o il P. putida KT2440 genomic DNA
Construction of pPSNW2-AtmkS! and . .
del-tmk_HA1 R ACAGGCAGUCCTTAATGTTGTTC i ol P. putida KT2440 genomic DNA
Construction of pPSNW2-AtmkS! and . .
del-tmk_HA2_F ACTGCCTGUGGCTGAGGCCTACCCT ol P. putida KT2440 genomic DNA
i . |
del-tmk_HA2 R AGGTCGACUCTGGGCCAGACTGGG Construction of pSNW2:Atmk and P. putida KT2440 genomic DNA

PSNW2: AtmkS"::tmke;

pSNW2:AtmkS!

ins-tmkec _HA1_R

ATAGGCAGUCCTTAATGTTGTTCG

Construction of pSNW2: Atmk®'::tmke.

P. putida KT2440 genomic DNA

tmkee_F ACTGCCTAUGCGCAGTAAGTATATCGTCAT Construction of pSNW2-Atmk®"::tmkes E. coliMG1655 genomic DNA . "

tmke: R AGCCATCAUGCGTCCAACTCCTTCAC Construction of pSNW2- Atmk6!:tmke: E. coli MG1655 genomic DNA PSNW2-Afmk®.tmhee
ins-tmkec _HA2_F ATGATGGCUGAGGCCTACCCTTGG Construction of pSNW2:Atmk®::tmkec P. putida KT2440 genomic DNA

LP_HA1_F AGATCCUCAAGGCCAATGACCTTCTGG Construction of pPSNW2-xyIS/Pm—PP_1964 P. putida KT2440 genomic DNA

LP_HA1R ATCCCTGUGTTCAACCACCGATG Construction of pPSNW2-xyISIPm—PP_1964 P. putida KT2440 genomic DNA pSNW2:xyIS/Pm—PP_1964

SEVA-cargo_F

ACAGGGAUCTCAAGAAGATCCTTTGATCTT

Construction of pPSNW2:xyIS/Pm—PP_1964

Vector pS628(BCD2)—msfGFP (2)

SEVA-xylS-Pm_R

ATATGTUTTTCCTCCTAAACATGCG
TGCATAAAGCCTAAGGGGTAGG

Construction of pPSNW2:xyIS/Pm—PP_1964

Vector pS628(BCD2)—msfGFP (2)

PP_1964_for_LP_F

AACATAUGCCAACCATCATCGGCCTC

Construction of pSNW2-xyIS/Pm—PP_1964

P. putida KT2440 genomic DNA

PP_1964_for_LP_R

ACGTTAAUCGACGCGAACGCAGCT

Construction of pSNW2:xyIS/Pm—PP_1964

P. putida KT2440 genomic DNA

LP_HA2_F

ATTAACGUCGTAGGAGCGGGTTTAC

Construction of pPSNW2:xyIS/Pm—PP_1964

P. putida KT2440 genomic DNA

LP_HA2 R

AGGTCGACUGATCCGCACCACCTACTC

Construction of pPSNW2:xyIS/Pm—PP_1964

P. putida KT2440 genomic DNA

DSNW2-xy/S/Pm—>PP_1964
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open_pSNW2-xyIS/Pm—PP_1964_F

ACGGGTGGCUTGATTACGAACGTTTAATTAA

Linearization of pSNW2-xylS/Pm—PP_1964 to

Vector pSNW2-xyISIPm—PP_1964

insert araC/Paras
open_pSNW2-xyISIPm—PP_1964 R ACCCCGCAUGTTTAGGAGGAAAAACATATG | -inearization OfﬁSQ:xzr;g/’g/ P ;"_’P P-196410" | ector pSNW2-xyISIPm—PP_1964 |pSNW2-araClPaas—>PP_1964
aral
araClParas_F AGCCACCCGUCAAGCCGTCAATTGTC Amplification of araC/Paras Vector pPS39 (3)
araClParas_R ATGCGGGGUACCGAGCTCGAATTC Amplification of araClParas Vector pPS39 (3)

Linearization of pSNW2-xylS/Pm—PP_1964 to

del_xyiS_F AGGAGTUGCAAGAAGCGGATACAGGAG Vector pSNW2:xyiSIPm—PP_1964
remove xyIS OSNW2-Pm—PP_1964
. . . : —> —
del_xyIS R AACTCCUGAGTTGCCTTCCGACACCC Linearization of p?:ﬂgi;‘{ﬁ’sp m—PP_196410 |\ e ctor pSNW2-xy/SIPm—sPP_1964

open-pSNW2:Pm—PP_1964_F

ATGTTTGCAUTGACGCAGGGTGTCG

Linearization of pSNW2:-Pm—PP_1964 to
replace A T1 with the strong terminator TS

Vector pSNW2-Pm—PP_1964

open-pSNW2:-Pm—PP_1964 R

ATGCGCTCGGUTTACCCGCGAAGAAGCC

Linearization of pSNW2-Pm—PP_1964 to
replace A T1 with the strong terminator TS

Vector pSNW2-Pm—PP_1964

TS F

ACCGAGCGCAUGCTCGAGTACTTC

Amplification of TS

Synthetic oligonucleotide

TSR

ATGCAAACAUCCGGCTCTGTCACAGC

Amplification of TS

Synthetic oligonucleotide

pSNW2-TS|Pm—PP_1964

del-PP_1964_HA1_F

AGATCCUCGCTTGCCAATACCCTG

Amplification of HA1 for the deletion of
PP_1964

P. putida KT2440 genomic DNA

del-PP_1964_HA1_R

ATTCATTTTTGGCTCCAGGCCC

Amplification of HA1 for the deletion of
PP_1964

P. putida KT2440 genomic DNA

del-PP_1964_HA2_F

AATGAAUCCGCTTGGAGCTGCGT

Amplification of HA2 for the deletion of
PP_1964

P. putida KT2440 genomic DNA

del-PP_1964_HA2_R

AGGTCGACUGGCTCTGCTTGGTCAACAG

Amplification of HA2 for the deletion of
PP_1964

P. putida KT2440 genomic DNA

pSNW2-APP_1964

del-tmk.A_HA1_F

AGATCCUGGTATGATGCTGCAGACCG

Amplification of HA1 for the deletion of fmk.A

P. putida KT2440 genomic DNA

del-tmk.A_HA1_R

ACAGGCAGUCCTTAATGTTGTTC

Amplification of HA1 for the deletion of fmk.A

P. putida KT2440 genomic DNA

del-tmk.A_HA2_F

ACTGCCTGUGAGCTAGGTTTGGTCGC

Amplification of HA2 for the deletion of fmk.A

P. putida KT2440 genomic DNA

del-tmk.A_HA2_R

AGGTCGACUTCTGACATAGCTGCCTCCG

Amplification of HA2 for the deletion of tmk.A

P. putida KT2440 genomic DNA

pSNW2-Atmk.A

ATCGAGGTCTCCGTGGGTCAGACCACGCTTC

Amplification of a gRNA fragment to construct

PP_1964_STOPspacer_1_F GGCATGTTTTAGAGCTAGAAATAGC olasmid pMBEC6-PP_1964 Vector pEX128-gRNA
PP 1964 STOPspacer 1 R ?ngéGGTCTCCCTCGTTTCTTAGCTGCCTA AmpIificagT;r; r(:]fi : gﬁgé\ é?%r;ir;; t604 construct Vector pEX128-gRNA
oo STopsn 2 NOCASEICICCCICOOINTOONTOCSD | rplor S aGM FIOsns | ez gon
PP_1964 STOPspacer 2 R ﬁg(é%AGGTCTCCCATATTTCTTAGCTGCCTAT Amplificagg; rc:]fi 3 gagé é?%rgf% té>4construct Vector pEX128-gRNA
oo TP 7 (OCACETCTCNGCCMATICICOATIA | plfcior o GM I omsos |y gon
PP 1964 STOPspacer 3 R ATCGAGGTCTCCAAACTTTCTTAGCTGCCTAT | Amplification of a gRNA fragment to construct Vector pEX128-gRNA

ACGG

plasmid pMBEC6-PP_1964

pMBEC6-PP_1964
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open-pSNW2-Atmke'::tmkec_F

ATTAATGGCUGAGGCCTACCCTTG

Linearization of plasmid pSNW2-Atmk®"::tmke.
to replace tmke: with PP_1964

Vector pSNW2:Atmke"::tmke.

open-pSNW2-Atmke'::tmke._R

ATAGGCAGUCCTTAATGTTGTTCG

Linearization of plasmid pSNW2-Atmk®"::tmke.
to replace tmke: with PP_1964

Vector pSNW2-Atmke"::tmkec

PP_1964_F

ACTGCCTAUGCCAACCATCATCGGCC

Amplification of PP_1964

P. putida KT2440 genomic DNA

PP_1964_R

AGCCATTAAUCGACGCGAACGCAGC

Construction of plasmid
pSNW2:AtmkC'::PP_1964

P. putida KT2440 genomic DNA

pSNW2:Atmke'::PP_1964

del-PP_3363_HA1_F

AGATCCUCGAATTCGAGGATTGCCGTG

Amplification of HA1 for the deletion of fmk.A

P. putida KT2440 genomic DNA

del-PP_3363_HA1_R

ACATCGUGCAATACCAGTTGGC

Amplification of HA1 for the deletion of fmk.A

P. putida KT2440 genomic DNA

del-PP_3363_HA2_F

ACGATGUGAGGCCTGGGTGAGTACG

Amplification of HA2 for the deletion of tmk.A

P. putida KT2440 genomic DNA

del-PP_3363_HA2_R

AGGTCGACUGACGGCAAGCTTATCAAGGG

Amplification of HA2 for the deletion of tmk.A

P. putida KT2440 genomic DNA

pSNW2-APP_3363

Sequences used for the construction of the same plasmid via USER assembly (4) or Golden Gate cloning (5) are shaded in the same tone; primers used for

USER assembly contain U residues as indicated.
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Fig. S1 - As(V) tolerance in wild-type and engineered P. putida strains. Cells were cultured in microtiter

Growth rate (

plate readers in de Bont minimal medium supplemented with 20 mM glucose and varying concentrations

(conen.) of KH2AsO4 as indicated in the diagram. The experiments were carried out with (A) wild-type P.

putida KT2440 and (B) its AtmkC!::tmke. derivative, P. putida NTW1701.
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Fig. S2 - Effect of genetic context of PP_1964 and chemical inducers on the growth of engineered P.
putida. The data in panels (A) to (C) represent optical density measured at 600 nm (ODgoo nm)-converted
absorption measurements from 96-well microtiter plate experiments. In all of these experiments, cells were
cultured in microtiter plate readers in de Bont minimal medium supplemented with 30 mM glucose and varying
concentrations of chemical inducers as indicated. (A) Growth of a P. putida strain variant in which PP_1964
was artificially regulated by the XylS/Pm system, induced by 3-methylbenzoate (3-mBz), and the tmk®
segment was removed from the chromosome. Mean values + standard deviation from three biological
replicates are shown in the diagram. (B) Growth of a P. putida strain variant in which PP_1964 was controlled
by the L-arabinose—inducible AraC/Pgap expression system in addition to removal of the tmk® segment. Mean
values * standard deviation from five biological replicates are shown in the diagram. (C) Growth of wild-type
strain KT2440 and a strain derivative in which the strong terminator sequence TS was placed upstream of a

chromosomally-encoded Pm—PP_1964 element in the absence of xyIS or any chemical inducer. Mean
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values * standard deviation from three biological replicates are shown in the diagram. (D) Overview of the
genetic architecture around the tmk© locus in all of the tested strains (please refer to Table 1 for further

details on the strains genotype).
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Fig. S3 - Tmk complementation assays in E. coli JHR114. The selection E. coli strain was transformed
with derivatives of plasmid pRHA-CDC8 encoding either tmke., Pseudomonas aeruginosa tmk (tmkea) or the
native PP_1964 gene controlled by the L-rhamnose-inducible RhaRS/Prmasap expression system (please
refer to Table 1 for further details on the strains genotype). Overnight cultures, grown in LB medium
supplemented with 0.2% (w/v) L-arabinose, were diluted 1:100 in M9 minimal medium supplemented with 20
mM glucose and 0.2% (w/v) L-arabinose or 0.2% (w/v) L-thamnose as indicated. Cultures were incubated in
a 96-well microtiter plate with periodic measurement of the absorbance at 630 nm (Absgso). Mean values +

standard deviation from five biological replicates are shown in the diagram.
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Fig. S4 - Alignment of the genetic context around the dNMPK gene in different species. The gene clusters are centered to the essential holB gene. The top
three strains shown in the diagram (i.e. Pseudomonas vancouverensis BS6989, P. putida KT2440 and Pseudomonas salomonii iPO3765) have a tmk gene
disrupted by a genetic island of varying size. P. putida DOT-T1E was added as a reference pseudomonad with an intact t{mk and without any other dNMPK-
encoding gene. In the bottom three strains (i.e. Methylomicrobium lacus LW14, Parapusillimonas granuli strain DSM 18079 and Alcaligenes faecalis strain JQ135),
no tmk homologue could be identified and, instead, a ANMPK gene flanks holB. Genome sequences were retrieved from the Pseudomonas database (6) and

other bacterial genome databases (7); the figure was created using clinker (8). Homologous genes are highlighted with identical fill colors.
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Fig. S5 - Structure alignment of the AlphaFold-predicted structure for dNMPKp,. The dNMPKp,
structure (orange) was imposed over that of the E. coli bacteriophage T4 dNMPK (blue), as well as the crystal
structure of T4 dNMPK (1DEK, green). The loop obstructing the substrate binding pocket in the AlphaFold-
predicted dNMPKp, structure is highlighted in yellow. The analysis and graphical display was executed with

AlphaFold (9).
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Fig. S6 - Stereo-view of the NMP binding pocket in dNMPKp, in complex with dGMP (back side). The

structure shown represents a homology model with INMPK from the E. coli bacteriophage T4 (1DEK).
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Fig. S7 - Stereo-view of the NTP binding pocket in dNMPKp, in complex with ATP (back side). The

structure shown represents a homology model with ANMPK from the E. coli bacteriophage T4 (1DEK).
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