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Supplementary Table 1. Primers used in this study.

Primer Sequence

tet(X2)-F? CGCCATATGATGACAATGCGAATAGATACAG
tet(X2)-RP CGCGGATCCTTATACATTTAACAATTGCTGAAAC
tet(X3)-R CGCGGATCCTTATAGATTCAATAATTTTTGAAACGA
tet(X4)-F CGCCATATGATGAGCAATAAAGAAAAACAAATG
H%®-F ATACAAGCCGATATTCTGCAACCAGAGATAAAC
H%-R GTTTATCTCTGGTTGCAGAATATCGGCTTGTAT
QY¥'H-F CAAGCCGATATTCATCATCCAGAGATAAACTGT
QY¥H-R ACAGTTTATCTCTGGATGATGAATATCGGCTTG
SHA-F AACCGGCTAATGGCAGCACACCAAGGTAATTTA
S2YA-R TAAATTACCTTGGTGTGCTGCCATTAGCCGGTT
S2G-F AACCGGCTAATGGCAGGTCACCAAGGTAATTTA
S?'G-R TAAATTACCTTGGTGACCTGCCATTAGCCGGTT
H?°R-F TACAAAGAATTGATTCGTACGACGTTGTCATTT
H?°R-R AAATGACAACGTCGTACGAATCAATTCTTTGTA
T20S-F AAAGAATTGATTCATAGCACGTTGTCATTTGTA
T#0S-R TACAAATGACAACGTGCTATGAATCAATTCTTT
T20V-F AAAGAATTGATTCATGTGACGTTGTCATTTGTA
T#0V-R TACAAATGACAACGTCACATGAATCAATTCTTT
T#0L-F AAAGAATTGATTCATCTGACGTTGTCATTTGTA
T#L-R TACAAATGACAACGTCAGATGAATCAATTCTTT
L282S-F TTGATTCATACGACGAGCTCATTTGTAGGATTG
L%2S-R CAATCCTACAAATGAGCTCGTCGTATGAATCAA
E2%N-F CGGATATTTCCTTTAAACAAGCCTTGGAAAAGC
E?®N-R GCTTTTCCAAGGCTTGTTTAAAGGAAATATCCG
E?%G-F CGGATATTTCCTTTAGGAAAGCCTTGGAAAAGC
E?G-R GCTTTTCCAAGGCTTICCTAAAGGAAATATCCG
E?%D-F CGGATATTTCCTTTAGATAAGCCTTGGAAAAGC
E?%D-R GCTTTTCCAAGGCTTATCTAAAGGAAATATCCG
K?%N-F ATATTTCCTTTAGAAAACCCTTGGAAAAGCAAG
K?%N-R CTTGCTTTTCCAAGGGTTTTCTAAAGGAAATAT
P¥'D-F TTTCCTTTAGAAAAGGATTGGAAAAGCAAGCGC
P®'D-R GCGCTTGCTTTTCCAATCCTTTTCTAAAGGAAA
P27S-F TTTCCTTTAGAAAAGAGTTGGAAAAGCAAGCGC
P¥’S-R GCGCTTGCTTTTCCAACTCTTTTCTAAAGGAAA
VEBL-F GTAAATAGTGGGTTGCTGGATGCCTTGATATTG
V3PL-R CAATATCAAGGCATCCAGCAACCCACTATTTAC
V3BM-F GTAAATAGTGGGTTGATGGATGCCTTGATATTG
VEM-R CAATATCAAGGCATCCATCAACCCACTATTTAC
ASPT-F TTGTCTGATAATCTAACCGATGGAAAATTTAAT
ASFT-R ATTAAATTTTCCATCGGTTAGATTATCAGACAA
D*N-F TCTGATAATCTAGCCAATGGAAAATTTAATAGC
D3*N-R GCTATTAAATTTTCCATTGGCTAGATTATCAGA
V30)-F AGCATTGAAGAGGCTATTAAAAATTATGAACAG
V30I-R CTGTTCATAATTTTTAATAGCCTCTTCAATGCT
K35E-F ATTGAAGAGGCTGTTGAAAATTATGAACAGCAA
K®1E-R TTGCTGTTCATAATTTITCAACAGCCTCTTCAAT
135°V-F GAACAGCAAATGTTTGTTTATGGCAAAGAAGCA
I35°V-R TGCTTCTTTGCCATAAACAAACATTTGCTGTTC
I3°M-F GAACAGCAAATGTTTATGTATGGCAAAGAAGCA
I**M-R TGCTTCTTTGCCATACATAAACATTTGCTGTTC
tet(X3)-L3?°V-F GTAAATACGGGATTAGTGGATGCTTTGATATTG
tet(X3)-L3°V-R CAATATCAAAGCATCCACTAATCCCGTATTTAC



tet(X3)-TRA/ND -F
tet(X3)-TR?A/N*D -R
tet(X3)-POV/ESIK -F
tet(X3)-POV/ESIK -R
tet(X4)-M32V-F
tet(X4)-M32V-R
tet(X4)-TRA/ND -F
tet(X4)-TR?A/N*D -R
tet(X4)-POV/ESIK -F
tet(X4)-POV/ESIK -R

TTGTCTGAAAACCTTGCCGATGGAGAATTTACAAGT
ACTTGTAAATTCTCCATCGGCAAGGTTTTCAGACAA
AGTATTGAAAATGCCGTTAAAAACTACGAACAACAA
TTGTTGTTCGTAGTTTITTAACGGCATTTTCAATACT
GTAAACAGCGGGTTGGTGGATGCCTTGATATTG
CAATATCAAGGCATCCACCAACCCGCTGTTTAC
TTGTCGGATAATCTGGCCGATGGGAAATTTAACAGC
GCTGTTAAATTTCCCATCGGCCAGATTATCCGACAA
AGCATTGAAGAGGCTGTTAAAAATTATGAACAGCAA
TTGCTGTTCATAATTTTTAACAGCCTCTTCAATGCT

Note: ® tet(X2)-F used for tet(X3) forward primer; ® tet(X2)-R used for tet(X4) reverse primer.
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Supplementary Figure 1. Michaelis—Menten plot of Tet(X) variants and mutants. a
Tet(X2), b Tet(X3),c Tet(X4), d S?'A, e T2V, £ T205 g 12825 h E?®N, i V3L, j VM, k
AT 1 K3IE, m ABOT/D3ON, n VEOK/IBLE, o VIOL/ASPT/DMON, p VEOL/NVEOKBIE, q
V3BM/ABIT/DHON, r V32OV /\/350) K IBLE S AROT/DHON/\/350| /K 3SLE, ¢
V328 /ABST/D3ON/ VO K 35LE, u  VEEM/ABIT/DMON/NVEOYKBIE, v Tet(X3)-
L 329V T33O A/N3OD/IBOV/E3SIK, w Tet(X4)-L32V/T3¥A/N34OD/I30V/ESIK,
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Supplementary Figure 2 Protein expression levels of TetX variant and mutant enzymes.
M is the protein ladder, Ve is vector control, X2 is Tet(X2) as a positive control and shown in
black. 1 is Tet(X3) and shown in grey, 2 is Tet(X4) and shown in orange, 3 is H®L, 4 is Q'°"H,
5is S?YA, 6is S?'G, 7 is H*°R, 8 is T8V, 9 is T#0L, 10 is T20S, 11 is L?82S, 12 is E?*G, 13
is E?®N, 14 is E?°D, 15 is K*°N, 16 is P¥'D, 17 is P?°'S, 18 is I°°*M, 19 is IV, 20 is V3%L,
21 is V35M, 22 is AT, 23 is D¥ON, 24 is V3, 25 is K3®E , 26 is A¥9T/D30N, 27 is
VOKBIE, 28 is V32OL/ASOTID34ON, 29 is V32OL/ V30K, 30 is V3PM/AS®T/D3ON, 31 is
V3EIM/V3OK3BLE, 32 is ASOT/D3ON/VO0K3SLE, 33 is V32OL/AZT/D3ON/V3CI/KSLE, 34 is
V3EM/ASST/D3ON/VIC/KBLE, 35 is Tet(X3)-L32V/T3¥A/N3D/I30V/E®SIK and shown in
purple, 36 is Tet(X4)-M32PV/T3®A/N34D/I30V/E®IK and shown in red. Single mutants are in
blue and multiple mutants are in green. Band intensities from two independent experiments

were used to plot the bar graph.



Supplementary Figure 3. Electrostatic potential map of Tet(X2) and the corresponsing
mutants carrying the V3?’M/A3T/D3*'N/V35I/K35'E amino acid changes. The area
between Loop 5 and C terminal o helix is marked by a black rectangle. The color change from

red to blue reflects a shift of electrostatic potential from negative to positive.
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Supplementary Figure 4. Multiple alignment for WP_187008663.1, WP_089056882.1, and WP_185218731.1 with the variant
(WP_075168333.1) of the Tet(X4) class in the same branch.
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Supplementary Figure 5. SDS-PAGE analyses of recombinant TetX variants and mutants.
M protein ladder, 1 Tet(X2), 2 Tet(X3), 3 Tet(X4), 4 5217A, 5 T280V, 6 TZBOS, 7 L2825, 8 E295N,
p

9 V3291, 10 V32°M, 11 AT, 12 K®31E, 13 AT/D3*ON, 14 V3OK/I%E, 15 VERL/ART/D3ON,
16 V329L/V35°I/K351E, 17 V329M/A339T/D340N, 18 V32OM/\/30)/ K351E, 19
A3T/D3ON/V0)/ K351E, 20 V32 A3SIT/D3ON/\/3%0|/ K351E, 21
VE2M/A3OT/D34ON/\V/30|/ K351E, 22 Tet(X3)-L329V/T339A/ N340D/I3%0\// E351K, 23 Tet(X4)-
L329v/T339A/N340 D/|3SOle351 K.



