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Supplementary Fig. S1 | Detection of substrates of Dpa enzyme in cellular extracts. (a) The
natural substrate of the Dpa enzyme is present in 4. baumannii cellular extract, but not in E. coli.
The cellular extracts were prepared from late exponential phase bacteria as described in the methods

section.



a motility

N
2 'l‘l llll__

WT Adpa WT Adpa WT Adpa WT Adpa WT Adpa WT Adpa
+1,3-DAP  + PUTR. + CADAV. + SPMD. + SPMN.

area, cm?

o

biofilm formation

AL B B
| s B g B B8

WT Adpa WT Adpa WT Adpa WT Adpa WT Adpa WT Adpa
+1,3-DAP  + PUTR. + CADAV. + SPMD. + SPMN.

OD 580/600 nm
N

Supplementary Fig. S2 | Effect of polyamines on motility and biofilm formation. (a) The
twitching motility of A. baumannii. Bacterial growth zone (in cm?) around the inoculation site of
bacteria were grown with or without 0.1 mM of different polyamines added to the media. The first
four bar graphs correspond to the same data presented in Figure 1 b and are shown here for the
reference. Experiments were executed at the same time for all the conditions shown. (b) Biofilm
formation of 4. haumannii and its dpa mutant in presence of different polyamines. Biofilms were
allowed to grow for 18 h at 37 ° C, planktonic cells were removed and biofilms were quantified by
crystal violet staining. Values were normalized to the optical density of the planktonic bacteria
recovered from the well. Top and bottom of the box plot whiskers show maximum and minimum
values, top and bottom of the box - 75th percentile and 25th percentile and line through the box
with x markers show the median and the mean of the sample respectively. Each condition has been
tested four times in biologically independent experiments, first four conditions of motility have

been tested nine times. Source data is provided at the end of the Supplementary information file.
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Supplementary Fig. S3 | Dpa Kkinetics. (a) Temperature dependent and (b) pH dependent
acetylation of 1,3-DAP by Dpa, as compared to the spontaneous acetylation. (c) kinetics of 1,3-
DAP acetylation by Dpa; Vmax and Km are indicated. Each reaction was performed three times
over independent experiments. Source data is provided at the end of the Supplementary information

file.
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Supplementary Fig. S4 | Aminoglycoside antibiotic resistance and acetylation. (a) E. coli cells
transformed with pKK223.3 vectors carrying difference GNAT acetyltransferases (4. baumannii
Dpa, E. coli SpeG, A. baumannii Hpa2 or S. enterica Aac(6’)-1 5y) were grown to mid-exponential
phase, acetyltransferase production was induced with 0.5 mM IPTG for 2 hours and pre-induced
bacteria were spread on solid LB agar containing 0.5 mM IPTG. Whatman discs soaked in series of
2-fold dilution of antibiotics (final concentrations of 256, 128 and 64 pg/mL of Streptomycin; 128,
64 and 32 pg/mL of Kanamycin; 64, 32 and 16 pg/mL of Gentamicin, Amikacin or Tobramycin)
were then deposited on the bacterial loans. Plates were incubated overnight at 37 °C and zones of
inhibition were visualized. (b) Expression of acetyltransferases was controlled by western-blot
against his-tag. Experiments were performed four times independently; representative pictures and
western blot are shown. (¢) In vitro acetylation of 5 mM of antibiotics in presence of 0.5 mM
acCoA, with 2 uM of enzyme at 30 °C for 30 min. Acetylation was quantified with DTNB reagent
as described in the methods section. Each reaction was performed three times over independent

experiments. Source data are provided at the end of the Supplementary information file.
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Supplementary Fig. S5 | A. baumannii Hpa2 is homologous to S. aureus SACOL1063 and
acetylates a subset of amino acids. (a) AlphaFold2 model of 4. baumannii Hpa2 colored by
confidence from blue (100% confident) to red (not confident). TM-score (pTM = 0.9) was obtained
for the best-ranked model shown here. (b) Structure alignment with closest structural homologue S.
aureus SACOL1063 (PDB: 5JPH), based on DALI sever (Z score 24.0, rmsd 1.2). Alignment was
executed with Chimera; R.m.s.d. between 115 pruned atom pairs is 0.734 A; across all 137 pairs —
2.495 A. (c) Structure alignment of 4. baumannii Hpa2 model and Dpa; R.m.s.d. between 52 pruned
atom pairs is 0.752 A; across all 130 pairs - 8.271 A. (d). Alignment of AbHpa2 with yeast Hpa2;
R.m.s.d. between 48 pruned atom pairs is 0.928 A and across all 127 pairs is 7.111 A. (e) In vitro
acetylation of 5 mM different amino acids in presence of 0.5 mM acCoA, with 2 uM of the enzyme
at 30 °C for 30 min. Acetylation was quantified with DTNB reagent as described in the methods
section. Cysteine was omitted due to reactivity with DTNB. In addition to canonical amino acids,
the B-alanine (B-Ala) and polyamine precursor agmatine (Agmt) were included. Each reaction was
performed three times over independent experiments. Source data is provided at the end of the

Supplementary information file.
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Supplementary Fig. S6 | Structure and sequence alignments of different GNAT
acetyltransferases reported to actylate polyamines. (a) A. baumannii Dpa monomer alignment
with E. coli SpeG (PDB:4R9M; r.m.s.d. = 6.88), (b) with V. cholerae SpeG (PDB:4JLY, r.m.s.d. =
4.996), (c) with A. baumannii Hpa2 (AlphaFold2 model, ptm = 0.9; r.m.s.d. = 8.271), (d) with S.
enterica Aac(6’)-ly (PDB:1S5K; r.m.s.d. = 4.077), (e) with mouse SSAT (PDB:3BJ7; r.m.s.d. =
3.79), (f) with human SSAT (PDB:2B5G; r.m.s.d. = 3.649), (g) with yeast Hpa2 (PDB: 1QSO;
r.m.s.d = 2.588.), (h) with B. subtilis PaiA (PDB: 1TIQ; r.m.s.d. = 7.289) and (i) with B. subtilis
BItD (AlphaFold2 model, ptm= 0.85; r.m.s.d. = 6.687). Conserved P-loop structure that coordinates

acCoA binding is boxed, and variable -turn regions and C-terminal elements are indicated.
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Supplementary Fig. S7 | Analytical size exclusion chromatography. (a) Molecular weight
standards (BioRad) migrated on Superdex75 1030 increase column in the same running conditions
as all the following samples. (b) Analytic SEC of Dpa enzyme alone, (¢) acetyl-Coenzyme A, (d)
Dpa premixed with 5-fold molar excess of acetyl-Coenzyme A or (e) 1,3-DAP or (f) both acCoA

and 1,3-DAP an hour before the run. (g) Analytic SEC of 4. baumannii Hpa2 alone or (h) premixed



with 5-fold molar excess of acCoaA. (i) Analytic SEC of S. enterica Aac(6’)-ly, (j) of E. coli SpeG,
(k) of A. baumannii DpaY 128F mutant. (1) SDS-PAGE gel analysis of proteins used for analytic
SEC analysis. Protein purifications have been performed three times for all proteins and more than

five times for Dpa and its mutated derivative, representative SDS-PAGE migration is shown.
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Supplementary Fig. S8 | 1,3-DAP acetylation kinetics. Dpa wild-type (WT), mutated Dpay12sr
enzyme or Dpa treated with 50 mM EDTA overnight and re-purified by SEC, were used at a
concentration of 2 uM with 10 mM of 1,3-DAP, 0.5 mM acCoA and 0.2 mM of DTNB. 10 mM
EDTA was additionally added to the reaction of EDTA-pre-treated enzyme (Dpa WT + EDTA
condition). Reactions were measured with microplate reader every 2 minutes for 1 hour. The
average of three measurements is plotted; error bars show standard deviations. Each reaction was
performed three times over independent experiments. Source data is provided at the end of the

Supplementary information file.



Supplementary Fig. S9 | Differences between monomers in Dpa crystal structures. (a)

Alignment of acCoA bound Dpa monomers shown in blue and yellow; r.m.s.d.= 0.402. (b)

Alignment of 1,3-DAP and acetyl-1,3-DAP bound monomers; r.m.s.d. = 0.302. (c) Alignment of

free and (ac)-1,3-DAP bound dimers shown in darker and lighter tones of blue and yellow; r.m.s.d.

=0.282.

Supplementary Table S1 | X-ray data collection and processing.

The CCi; criterion was used to determine the resolution range. Values for the outer shell are given

in parentheses.

Sample DpA DpA-1,3DAP complex
Diffraction source Soleil PX2 Soleil PX2
Wavelength (A) 0.98015 0.9801
Temperature (K) 100.0 100.0

Detector Eiger-X 16M Eiger-X 16M
Crystal-detector distance (mm) 189.6 216.0

Rotation range per image (°) 0.1 0.1

Exposure time per image (s) 0.01 0.01

Space group P2, P2,

a, b, c(A) 43.3 69.3 55.8 42.9 68.1 55.7
a, B,y (°) 90.0 109.1 90.0 90.0 109.1 90.0
Mosaicity (°) 0.2 0.2

Resolution range (A) 69.30 - 1.59 41.66 - 1.85
Total N°. of reflections 261030 (13389) 114641 (8723)
N°. of unique reflections 37959 (2163) 25128 (2407)
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Supplementary Table S2 | Primers used in the study.

Primer name Sequence 5°-3° Purpose Reference
SFR F CAACAGTTATTTGCAGATCGT Amplification of upstream This work
SFR R ACTCACTGTCTCTAATAAACCTAGG | region of dpa

CGCTCCTTGTATTTATG
3FR F GGTTTATTAGAGACAGTGAGT Amplification of downstream | This work
3FR R GTCGAGGCATTTCTGTCCTAGGTGA | region of dpa

TCTTACCCACTACA
F Dpa AcOR | TATTGCATGCTTGTAAGACGAGCGA | Amplification of dpa gene This work

I Ptac

for complementation plasmid




R _Dpa AcOR

GATGGTACCGGGATTGGGTATATTT

I Ptac GTCG

F-hisDpa-Eco | GATCGAATTCATGCACCACCACCAC | Amplification of 4. This work
CACCACATGATTGTAAGACGAGCG | baumannii dpa gene for

R-Dpa-Pst GATCCTGCAGTTATTTAAGAAAACA | protein expression
ATGAAATGT

F-SpeG-Eco GATCGAATTCATGCACCACCACCAC | Amplification of E. coli speG | This work
CACCACATGCCAAGCGCCCACAGT | gene for protein expression
GTTA

R-SpeG-Pst GATCCTGCAGCTATTGTGCGGTCGG
CTTCAGG

F-abHpa2-Eco | GATCGAATTCATGCACCACCACCAC | Amplification of 4. This work
CACCACATGTATAAAGTTATAGCG | baumannii hpa2 gene for
GGTAG protein expression

R-abHpa2-Pst | GATCCTGCAGTCAACTTAACGCTAA
AGTCATATCAA

F-Aac6p-Eco | GATCGAATTCATGCACCACCACCAC | Amplification of S. This work
CACCACATGGACATCAGGCAAATG | enterica aac(6')-ly gene for
AACA protein expression

R-Aac6p-Pst GATCCTGCAGTCAACAACGCTTTCG
GTAGAA

F-Dpa- Y128F | TTCGAAAAAATGGGGTTTATTAGA | Y128F mutation in Dpa This work
G

R-Dpa- Y128F | GAGGCGGTGAGATTCATGA

dpa_gF TAGATGATGTATATGTTACTCC gPCR This work

dpa_qR GGGTTTCTAGGCTAATACGT

rpoB_gF

CGATTCGTACAGAACATTCTT

gPCR (housekeeping gene)




rpoB_gR

TAAAGCAGCATTGCCAGAATA

tuf qF

GAAGCGAAAGATTACTCACAA gPCR !

tuf gqR

CAGTGATCATGTTTTAACGTA

Supplementary Table S3 | Amino acid sequences of acetyltransferases used in this study.

Host

Protein

Protein sequence

A. baumannii

His-Dpa

MHHHHHHMIVRRATYEDLSQLAVLFDEYRQFYGASSNLEESH
HFLKQRFENKESVFFIHIKDEKITGFVLLYLGFSSVACSTYYILD
DVYVTPLFRRQGSAKQLIDTAILFAKQENALRISLETQSNNHES

HRLYEKMGFIRDSEFQTFHCFLK

E. coli

His-SpeG

MHHHHHHMPSAHSVKLRPLEREDLRYVHQLDNNASVMRYWF
EEPYEAFVELSDLYDKHIHDQSERRFVVECDGEKAGLVELVEIN
HVHRRAEFQIIISPEYQGKGLATRAAKLAMDYGFTVLNLYKLY

LIVDKENEKAIHIYRKLGFSVEGELMHEFFINGQYRNAIRMCIFQ

HQYLAEHKTPGQTLLKPTAQ

S. enterica

His-Aac(6)

MHHHHHHMDIRQMNRTHLDHWRGLRKQLWPGHPDDAHLAD
GEEILQADHLVSFIAMADGVAIGFADASIRHDY VNGCDSSPVVF
LEGIFVLPSFRQRGVAKQLIAAVQRWGTNKGCREMASDTSPEN

TISQKVHQALGFEETERVIFYRKRC

A. baumannii

His-Hpa2

MHHHHHHMYKVIAGSWTQFEEDAKYIREQVFIQEQGIEPKDE
WDDFDSTAVHFMVYDKEQPIATARLLPQHSVGRVAVLMLYRK
QGIGKILMQHIIEYARQHKLPYLKLSAQTYVTAFYEALGFKVQ

GEVYQDCGIPHIDMTLALS




Supplementary Methods

Antibiotic resistance tests.

For antbiotic resistance tests, cultures of DJ624Aara cells transformed with pKK223.3 vectors
carrying different acetyltransferase enzymes were grown to optical density of 400 = 0.5, induced
with 0.5 mM IPTG for 2 hours and a quantity of 0.5 OD unit of cells was spread on the solid LB
agar containing 0.5 mM IPTG. Sterile Whatmann discs soaked in different concentrations of
antibiotics were placed on the agar with bacteria and plates were incubated overnight revealing
zones of growth inhibition. Amount equal to 0.1 OD unit of cells used for these experiments were
boiled in protein loading buffer, migrated on 15% SDS-PAGE gel, proteins were transferred onto
PVDF membrane, and expression of enzymes weas confirmed by western-blot with antibodies
against his-tag (Sigma, ref. no. H1029, diluted 1:5000) followed by recognition with goat anti-
mouse [gG-Alkaline Phosphatase antibodies (Sigma, A3562, diluted 1:5000) and detection with

BCIP/NBT chromogenic substrate (Roche).
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Supplementary Source Data.

Supplementary Figure S2a. Twitching motility

condition

WT Adpa

WT +DAP

Adpa +DAP

WT PUT Adpa PUT

WT CAD

Adpa CAD

WT SPD

Adpa SPD

WT SPM

Adpa SPM

0.68

1.87

1.24

0.74

1.829 2.5

2.033

3.297

1.785

1.932

1.063

1.343

1.21

2.01

133

0.98

1.252 2.683

2.222

2.248

1.239

1.651

0.942

1.258

1.14

3.33

1.61

1.51

1.645 2.864

1.754

2.207

1.916

2.434

1.267

1.473

1.75

2.20

1.69

1.51

2.009 3.444

0.947

2.807

1.882

2.601

0.957

0.93

1.31

3.58

1.45

0.95

1.155

2.863

2.873

1.854

2.415

2.822

2.157

1.16

2.017

3.342

2.751

1.613

area 1.727

3.067

3.008

1.993

Supplementary Figure S2b. Biofilm formation

condition

WT Adpa

WT +DAP

Adpa +DAP

WT PUT

Adpa PUT

WT CAD

Adpa CAD

WT SPD

Adpa SPD

WT SPM

Adpa SPM

4.1442682

1.83035672

4.47494198

1.29200025

4.16247868

1.68693533

3.87947314

3.49770757

4.83572185

2.15234544

4.4340171

1.69093651

4.6313483

1.495617

5.20078991

1.17698387

4.63626979

1.09033186

4.83734775

2.47414235

4.64174068

1.53865329

4.16871309

1.17047403

3.51391879| 2.12

134291

2.9201305

2.53212873

3.32132712

1.91638488

3.44512704

1.86421387

5.12065639

2.49397309

4.07657786

2.272399

OD 580/600 nm | 5.07853736| 1.49

Supplementary Figure S3c

116318

Raw data for enzyme kinetics
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Acetylation of antibiotics by DTNB method
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Supplementary Figure S5e
Acetylation of amino acids by DTNB method
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Supplementary Figure S8.

1,3-DAP kinetics measured by DTNB method
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Uncropped gels, western blots and autoradiography scans of supplementary figures. Area used

for preparing the figures is boxed. Source data for main figures is provided in a separate source data

file.



