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Supporting Methods

Cloning and protein purification. The orf//* and dbv8 genes were amplified and
subcloned into the expression vector pET-28a(+). These clones were transformed into
E. coli BL21(DE3) for protein over-expression. The typical procedure is described as
follows: One liter of LB medium containing 50 mg/L kanamycin was inoculated with
10 mL of an overnight culture grown in LB medium (containing 50 mg/L kanamycin),
induced with 1 mL 1.0 M IPTG (to give 1.0 mM; exact concentrations varied from
one to the other) at an OD600 of 0.7, and grown for further 8 hours at 16°C. Cells
were harvested by centrifugation at 6000 rpm for 20 min at 4°C, resuspended in 30
mL binding buffer (50 mM Tris at pH 8.0, 500 mM NaCl, 10 mM imidazole, 10%
glycerol) and disrupted by microfluidizer. The cell lysate was centrifuged at 18000
rpm for 30 minutes to remove cell debris. The supernatant was applied to a Ni*"-NTA
agarose resin column (2 mL, Novagen) pre-equilibrated with binding buffer. The
column was washed sequentially with 20 mL of binding buffer and 10 mL washing
buffer (50 mM Tris at pH 8.0, 500 mM NaCl, 50 mM imidazole, 10% glycerol). The
bound protein was then eluted with 10 mL of elution buffer (50 mM Tris at pH 8.0,
500 mM NaCl, 250 mM imidazole, 10% glycerol). Gel filtration was performed using
an Akta FPLC system equipped with an S-200 Superdex column (Amersham
Bioscience) under an isocratic condition (50 mM Tris at pH 8.0, 500 mM NaCl). The
buffer was exchanged using Millipore centrifugal filters and HEPES buffer (50 mM,
pH 8.0). Protein purity was determined by SDS-PAGE and Western blotting, and
electrospray mass spectrometry (ESI-MS). Protein concentrations were estimated by

the Bradford assay.

Site-directed mutagenesis. Site-directed mutagenesis was carried out using
QuickChange (Stratagene). The wild-type Orfl1* was used as the template for single
mutation. For multiple mutations, the single or double mutant was used as the
template. All mutations were confirmed by DNA sequencing. Mutant proteins were

purified with the same protocol as wild-type Orf11%*.

S2



Primer list (primers used in this study)

Mutants Primer

Orfl1*-E145L F: 5-CCTGACGCAGTTGGGGGCGCTGGTGGCCATTCATC-3
R: 5-GATGAATGGCCACCAGCGCCCCCAACTGCGTCAGG-3

Orfl11*-W163S | F: 5-CGGCATGAACATGCAGTCGTGGACCACCTACCACC-3
R: 5-GGTGGTAGGTGGTCCACGACTGCATGTTCATGCCG-3

Orf11*-W164S | F: 5-CATGAACATGCAGTGGTCGACCACCTACCACCTGC-3
R: 5-GCAGGTGGTAGGTGGTCGACCACTGCATGTTCATG-3

Orfl11*-H196A | F: 5-GCCGCACCTCGGCCTGGCCGTTCCCGAGTGGGGCG-3
R: 5-CGCCCCACTCGGGAACGGCCAGGCCGAGGTGCGGC-3

Orfl11*-S236A F: 5-GGTGGCCTGGGGAAGCGCGTGGATGCTCGATCCGC-3
R: 5-GCGGATCGAGCATCCACGCGCTTCCCCAGGCCACC-3

Orf11*-W237A | F: 5-GGCCTGGGGAAGCTCGGCGATGCTCGATCCGCAAC-3
R: 5-GTTGCGGATCGAGCATCGCCGAGCTTCCCCAGGCC-3

Enzymatic activity assay. The Orfl1*/Dbv8 enzymatic activity was determined by
using LC-MS. The assay mixture containing Orfl1*/Dbv8 (10 pg) and given
substrates (1 mM acyl-CoAs/acyl-NACs, 1 mM Tei-pseudoaglycone or vancomycin)
in a buffer solution (50 mM Tris pH 8.0, 100 mM NaCl, 1 mM DTT) in a total
volume of 150 pl was incubated for 2 h at 25 °C. Each reaction mixture was
centrifuged at 16,000g for 5 min (Heraeus Biofuge Pico) and filtered through an
ultracentrifugal filter unit (5 kDa cut-off membrane, Millipore) in due course. The
filtrate was directly subjected to HPLC-ESI-LTQ (Agilent 1200 Series interfaced with
an ESI source coupled to a Thermo-Finnigan LTQ-XL ion trap spectrometer) on a
gradient of 0-60% acetonitrile in 0.1% TFA in water over 30 min. Online LC-MS

spectra were monitored and recorded using Xcalibur (Thermo Fisher Scientific, Inc.).

Analytical ultracentrifuge analysis. The sedimentation velocity experiments were
performed with a Beckman-Coulter XL-I analytical ultracentrifuge. Samples and
buffers were loaded into 12-mm standard double-sector Epon charcoal-filled
centerpieces and mounted in an An-60 Ti rotor. We introduced 400 pl of 1 mg/ml
sample into the cell. Sedimentation velocity experiments were performed at a rotor
speed of 42,000 r.p.m. at 20 °C. The signals of samples were monitored at 280 nm

and collected every 3 min for 6 h. The experimental raw data were processed by using
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the SedFit software. The density and viscosity of buffers were calculated by using the

Sednterp software (http://www.jphilo.mailway.com/default.htm).

Crystallization and data collection. The purified proteins were crystallized using the
hanging drop vapor-diffusion method. For apo-Orfl1*, pyramidal crystals were
obtained in a solution containing: 0.1 M Tris pH 7.5, 2.5 M NaCl. For
Orfl1*/decanoyl-CoA, hexagonal crystals were obtained in a solution containing: 0.1
mM MES pH 6.5, 0.2 M ammonium sulphate, 30% (V/V) PEG 5000 MME and 1 mM
decanoyl-CoA. For Dbv8/decanoyl-CoA, crystals were obtained in a solution
containing: 0.1 M sodium cacodylate pH 6.5, 0.2 M sodium acetate, 30% (V/V) PEG
8000 and 2 mM decanoyl-CoA. For Orfl1*/octanoyl-CoA, crystals were obtained in a
solution containing: 0.1 mM MES pH 6.5, 0.2 M ammonium sulphate, 28% (V/V)
PEG 5000 MME and 4 mM octanoyl-CoA. The crystals of the
Orfl11*H196A/decanoyl-CoA/Tei pseudoaglycone (pre-acylation),
Orfl11*H196A/decanoyl-CoA-Tei pseudoaglycone (intermediate) and
Orfl11*H196A/CoA/10C-teicoplanin (post-acylation) complexes were obtained by
soaking the Orfl1*H196A/decanoyl-CoA binary complex crystals with
Tei-pseudoaglycone (40 mM) for 1, 4 and 20 hr, respectively. Then the protein
crystals were transferred to a cryoprotectant solution containing glycerol (20%, v/v)
and flash-cooled in liquid nitrogen prior to data collection. X-ray diffraction data sets
were collected on an ADSC Quantum-315 or Quantum-210 CCD detectors at
beamlines 13B1 and 13C1 of the National Synchrotron Radiation Research Center
(Taiwan) and beamlines 12B2 and 44XU of Spring-8 (Japan). Data were indexed and
scaled with the HKL2000 package.' The redundancy independent merging R factor
(Rrim) and the precision indicating merging R factor (Rpim.) were calculated using the
program RMERGE. The contents of asymmetric units were estimated from the
Matthews coefficient.” The data suggest that a value of 2.40 A’ Da ' with 48.7%
solvent corresponds to one molecules per asymmetric unit in the P2,2,2; crystal
(Dbv8/decanoyl-CoA), a value of 3.44 A® Da' with 64.2% solvent content indicates
one molecules per asymmetric unit in the P6s crystal (Orfl1*/octanoyl-CoA,
Orf11*/decanoyl-CoA) and a value of 5.88 A’ Da™' with 79% solvent content

indicates one molecules per asymmetric unit in the P6, crystal (Orfl1%*).

Structure determination and refinement. The initial phase was determined by the
single wavelength anomalous dispersion method. The anomalous diffraction data
were collected by selenium labeled Orfll1*. The single wavelength anomalous
dispersion (SAD) method was used to obtain phase information, and CRANK® was

used to find the phase solution. Other native structures were solved by the molecular
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replacement method using the Se-Orfl1* as the search model. The CRANK pipeline
started with substructure detection and ended with model building, including
procedures of substructure detection by AFRO/CRUNCH?2,* substructure refinement
by BP3,” Hand determination and density modification by SOLOMEN,® and model
building by BUCCANEER.”® Phase extension yielded electron density maps into
which a polypeptide model was built with the program COOT.”'"® The model was
further refined with REFMAC." Figures were generated using PyMOL

(http://www.pymol.org). Detailed refinement statistics are given in Table S1.

Enzymatic synthesis of new Tei analogs. Teicoplanin was purchased from
Sigma/Aldrich Chemical Co. (St. Louis, MO, USA). Acyl-NAC was chemically
synthesized. In brief, the reaction mixture containing Orfl1* (50 pg) and
corresponding substrates (2 mM acyl-CoAs/acyl-NACs and 1 mM teicoplanin) in a
buffer solution (50 mM Tris pH 9.0, 100 mM NaCl, 20% DMSO) was incubated for 6
h at 25 °C. The reaction mixtures were quenched by adding 10% HCI (6N) and
purified by HPLC (Agilent 1200 Series). The collected peak fractions were
lyophilized and confirmed by LC-MS.

MIC determination for new analogs. All MIC assays were performed following the
National Committee for Clinical Laboratory Standards recommendations.'? In brief,
broth microdilution MICs were determined in brain heart infusion (BHI) broth. Test
strains were grown overnight on BHI agar at 37°C. They were subcultured into BHI
broth and grown for 4 to 6 h until a turbidity of 0.5 McFarland unit reached. Final
inocula were adjusted to 5 x 10° CFU/ml. Aliquots (0.1 ml) of these suspensions were
introduced into 96-well plates containing twofold dilutions (0.1 ml, the final
compound concentrations ranged from 64 mg/L to 0.0625 mg/L) of testing compound
solutions. The plates were incubated in air at 37°C for 18-24 h. The MICs were
considered to be the lowest compound concentrations at which there was no visible
growth in the wells.
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Figure S1.  Analytical ultracentrifugation  analysis of  Orfll*,
Orfl1*/decanoyl-CoA and Orfl1*/decanoyl-CoA/Tei pseudoaglycone. The AUC
data were analyzed using SedFit (http://www.analyticalultracentrifugation.com/
default.htm). The calculated ¢(M) and ¢(S) distributions are shown in panels (a) (c) (e)
and panels (b) (d) (f), respectively. The insert grayscale bars indicate the residuals

bitmap in each fit.
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a. Orfl1*

b. Dbv8

Figure S2. Schematic topologies of Orfl1* and Dbv8. The topology diagrams were
generated using TopDraw. The secondary structures of a-helix and (-sheet are
colored red and yellow, respectively. Orf11*/Dbv8 is composed of two domains, an
N-terminal all-helix domain (residues 1-170) and a C-terminal GNAT domain
(residues 171-323/residues 171-319 for Orf11*/Dbvs).
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No: Chain Z rmsd lali nres %id PDB Description
l: 2ge3-B 5.0 3.7 93 163 11 PDB MOLECULE: PROBABLE ACETYLTRANSFERASE;
2: 20b0-B 4.8 3.7 95 152 5 PDB MOLECULE: HUMAN MAK3 HOMOLOG;
3: 2ge3-D 4.7 3.9 95 le64 11 PDB MOLECULE: PROBABLE ACETYLTRANSFERASE;
4: 2ge3-C 4.7 4.0 95 lo64 11 PDB MOLECULE: PROBABLE ACETYLTRANSFERASE;
5: lvhs-B 4.7 4.0 91 158 10 PDB MOLECULE: SIMILAR TO PHOSPHINOTHRICIN ACETYLTRANSFERASE;
6: 2idd-a 4.7 2.8 86 145 14 PDB MOLECULE: GLYPHOSATE N-ACETYLTRANSFERASE;
7: 2ge3-A 4.7 4.1 92 164 10 PDB MOLECULE: PROBABLE ACETYLTRANSFERASE;
8: 2bsw-A 4.6 3.1 86 145 15 PDB MOLECULE: GLYPHOSATE N-ACETYLTRANSFERASE;
9: 2i79-Cc 4.6 4.0 94 171 9 PDB MOLECULE: ACETYLTRANSFERASE, GNAT FAMILY;
10: 2i79-E 4.6 4.1 94 168 9 PDB MOLECULE: ACETYLTRANSFERASE, GNAT FAMILY;
11 2idc-A 4.6 2.8 86 145 14 PDB MOLECULE: GLYPHOSATE N-ACETYLTRANSFERASE;
12 2psw-A 4.6 3.7 95 155 5 PDB MOLECULE: N-ACETYLTRANSFERASE 13;
13 3g8w-A 4.6 4.1 96 162 4 PDB MOLECULE: LACTOCOCCAL PROPHAGE PS3 PROTEIN 05;
14 lvhs-2 4.5 3.8 92 165 10 PDB MOLECULE: SIMILAR TO PHOSPHINOTHRICIN ACETYLTRANSFERASE;
15: 2i79-A 4.5 4.1 94 171 9 PDB MOLECULE: ACETYLTRANSFERASE, GNAT FAMILY;

N-termial all-helix domain

No: Chain Z rmsd lali nres %id PDB Description
1: 3ctd-A 3.6 3.2 80 150 6 PDB MOLECULE: PUTATIVE ATPASE, AAA FAMILY;
2: 3uel-C 3.6 4.5 94 319 3 PDB MOLECULE: DNA POLYMERASE ACCESSORY PROTEIN 44;
3: 1sxj-E 3.6 3.9 90 317 4 PDB MOLECULE: ACTIVATOR 1 95 KDA SUBUNIT;
4: 3pvs-C 3.5 3.4 85 420 6 PDB MOLECULE: REPLICATION-ASSOCIATED RECOMBINATION PROTEIN A;
5: 3ctd-B 3.5 3.1 79 158 6 PDB MOLECULE: PUTATIVE ATPASE, AAA FAMILY;
6: 3bge-B 3.5 3.1 81 163 5 PDB MOLECULE: PREDICTED ATPASE;
7: 3u60-D 3.5 3.2 83 319 2 PDB MOLECULE: DNA POLYMERASE ACCESSORY PROTEIN 44;
8: 1sxj-D 3.5 5.1 94 328 4 PDB MOLECULE: ACTIVATOR 1 95 KDA SUBUNIT;
9: 3u6l-E 3.5 3.6 90 294 4 PDB MOLECULE: DNA POLYMERASE ACCESSORY PROTEIN 44;
10: 3u6l-D 3.5 3.3 84 320 4 PDB MOLECULE: DNA POLYMERASE ACCESSORY PROTEIN 44;
11 3u5z-D 3.5 4.9 92 320 2 PDB MOLECULE: DNA POLYMERASE ACCESSORY PROTEIN 44;
12: 3u6e0-B 3.4 3.4 78 319 3 PDB MOLECULE: DNA POLYMERASE ACCESSORY PROTEIN 44;
13: 3u6l-B 3.4 9.1 84 305 4 PDB MOLECULE: DNA POLYMERASE ACCESSORY PROTEIN 44;
14: 3bge-A 3.3 3.3 80 163 5 PDB MOLECULE: PREDICTED ATPASE;
15: 3pvs-B 3.3 4.0 85 417 5 PDB MOLECULE: REPLICATION-ASSOCIATED RECOMBINATION PROTEIN A;

Figure S3. Structural alignments for Orfll* and its N-terminal domain.
Structural alignment was performed using the DALI server. The overall structure of
Orfl1* belongs to the protein family of acetyltransferases. The N-terminal all-helix
domain belongs to the protein family of AAA ATPases. Z score: the statistical
significance of the similarity between protein-of-interest and other neighborhood
proteins. RMSD: the root-mean-square deviation of C-alpha atoms in the
least-squares superimposition of the structurally equivalent C-alpha atoms. Lali: the
number of structurally equivalent residues. Nres: the total number of amino acids in
the hit protein. % 1id: the percentage of identical amino acids over structurally

equivalent residues.
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Figure S4. Ligplot diagram of the interaction between decanoyl-CoA and Orf11*.

This plot was generated using the Ligplot software.
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Figure SS. Isothermal titration calorimetry (ITC) analysis of Orfll1*. ITC
thermograms of Orfl1* versus CoA, acetyl-CoA, butyryl-CoA, hexanoyl-CoA,
octanoyl-CoA, decanoyl-CoA, lauroyl-CoA, myristoyl-CoA, palmitoyl-CoA,
stearoyl-CoA or Tei pseudoaglycone. Each exothermic heat pulse corresponds to an
injection of 2 ul of ligands (I mM~5 mM) into a protein solution (0.1 mM);
integrated heat areas constitute a differential binding curve that was fitted with a

standard single-site binding model (Origin 7.0, MicroCal iTCyq).
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Figure S6. Stereoview for superposition of the teicoplanin class glycopeptides.
Teicoplanin 13 (green, PDB code 4MFQ, this study), dalbavancin (cyan, PDB code
3RUL, in couple with ubiquitin), teicoplanin 1 (yellow, PDB code 2XAD, in the
Orf2* complex), desulfo-A47934 (magenta, PDB code 4EEC, in the Stal. complex),
teicoplanin aglycone (orange, PDB ID code 3MGB, in the Tegl2 complex) and
teicoplanin 1 (purple, PDB code 4K3T, in the Dbv29 complex) are superposed using
residues 4—7 of the scaffold.
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Figure S7. The binding site of r4-glucosamine of Tei pseudoaglycone in Orfl1*.
(a) The binding site of r4-glucosamine of Tei pseudoaglycone in the structure of
Orf11* H196A/decanoyl-CoA/Tei pseudoaglycone complex. (b) The Ligplot diagram
shows the binding site of the r4-glucosamine in the complex.
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Figure S8. Superimposition of unary, binary and ternary structures. Unary
structure: native Orfl1* (colored green). Binary structure: Orfl1* in complex with
decanoyl-CoA (colored gold). Ternary structures: Orfl1* in complex with

decanoyl-CoA and Tei pseudoaglycone (colored magenta).
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Figure S9. The active site of Orfl1*H196A/decanoyl-CoA/Tei pseudoaglycone
complex structure. The HI196A is modeled back to His196 based on the

corresponding geometry at the active site of the binary wild-type structure. The

difference electron density maps (F,-F.) are contoured at 2.0 o.

517



Figure S10. The active site of Orfl1*H196A/decanoyl-CoA-Tei pseudoaglycone
complex structure. The HI196A is modeled back to His196 based on the
corresponding geometry at the active site of the binary wild-type structure. The The

difference electron density maps (F,-F.) are contoured at 2.0 o.
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Figure S11. The active site of Orfl1*H196A/CoA/10C-teicoplanin complex
structure. The HI96A is modeled back to His196 based on the corresponding

geometry at the active site of the binary wild-type structure. The difference electron

density maps (F,-F.) are contoured at 2.0 0.
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'H COSY spectrum for compound 7
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"HC HMBC spectrum for compound 7
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Figure S13. NMR information for compound 7. NMR spectra include 'H, "°C,

COSY, HSQC, HMBC, and NOESY.

S23

F2 [ppm]

F1 [ppm]

50

200



a. b. C.
100 246.07 100 27412 100- 302.19
90 90 904
80 80 801
g70 870 8703
g T 60 $60]
2 s <50 <507
<50 / o o s—{ o o
= ° £ 40 o 2403 el
T 40 >/NH % ) s o &b
& 30 HaC @ 30 NH 303
HsC HyC
20 20 201 303.20
247.13 275.12
10 10 104 304.22
248.15 276.23
0+ T T T T 0 T L T 0 T T rrrrr
220 230 240 250 260 250 260 270 280 290 280 290 300 310 320
m/z m/z m/z
d. e. f.
252.05
100 32 10 1001 314.06
90 90 901
80 80 807 ~ I
[
270 HO § 70 §70- = ] N
S 3 © N
260 00 2607
a 3 S
<50 5 <50 s 2501 57 o
Che 20 o g
© © o =401
2 £0] O %
30 30 Had 304 Hat
20 319.37 20 253,06 201 315.07
10 320.38 10 254.07 | 107 316.09
0 0 *rr r ' r poretd 01
300 310 320 330 340 230 240 250 260 270 200 300 310 320 330
m/z m/z m/z
g. h. i.
100 208.12 100 294.12 308.14
40
90 F 90
80 80 35
870 870 830
c ] c
[} S [}
260 g 60 B25
3 = s— 3
<50 o <50 ) <
° 0 H 20
> = 0, >
£40 T40 N g
o) Q o) 15
X 30 X 30 HsC x
10
20 200.07 20 295.16
10 300.15 10 296.20 5
et r I + r 0
280 290 300 310 320 270 280 290 300 310 330
m/z m/z

Figure S14. Structure and mass spectra of chemically synthesized acyl-NAC. (a)
octanoyl-NAC (b) decanoyl-NAC (c) lauroyl-NAC (d) 12-hydroxydodecanoyl-NAC
(e) dihydrocinnamoyl-NAC (f) 4-biphenylacetyl-NAC (g) 5-(4-fluoro-phenyl)
valeryl-NAC (h) 6-phenyl hexanoyl-NAC (1) 7-phenyl heptanoyl-NAC.

S24



"H NMR spectrum for compound 10
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"H COSY spectrum for compound 10
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"H"C HMBC spectrum for compound 10
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Figure S15. NMR information for compound 10. NMR spectra include 'H, "°C,
COSY, HSQC, HMBC, and NOESY.
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"H NMR spectrum for compound 11
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"H COSY spectrum for compound 11
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"H"C HMBC spectrum for compound 11

o QHF? — E
o o
NS \’”w Oﬁ\o)l\/ o~ i
‘ " v . e w
c
oH RORS PR 1 r
> I R w g
H()O‘i O o (/O il - o p . ma o L
8 .
" OAN 70\/\,\',)11 \g/Hy\ (I . e @ . '
i |\ lr//\ﬂ _ NH, “‘ L L
HO,C / HO™ "0 —(
= 0, OH a ' o
HoT o OTNeon 0 DL « = ©
on OH STV e = L
[Tl ! )
LY ;“ L -.'
s o
[ » o
y s £ (I -
4 " e A L
L] ' .
Y LK L
i teg g [ ’
et . T [
0
S . ' '
[ Y [ LI ’ !
; op O gy v g
. ’
é * ﬁ " |
[ g K
[} . < e e » "- . L
o
o
«
T T T T T T T T T T T T T T T T T T T T T T
10 8 6 a 2 0 F2 [ppm]

Figure S16. NMR information for compound 11. NMR spectra include 'H, "°C,
COSY, HSQC, HMBC, and NOESY.
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V.
Figure S17. The active site of Orfll1*/octanoyl-CoA/teicoplanin complex
structure. The glucosamine moiety with its C6-OH points to the acyl-CoA carbonyl

carbon. The difference electron density maps (F,-F.) are contoured at 2.0 oO.
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..

Figure S18. The active site of Orfl1*/CoA/O6-decanoyl-teicoplanin complex
structure. The glucosamine moiety has its amine group covalently linked to the acyl

group. The difference electron density maps (F,-F.) are contoured at 2.0 o.
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"H NMR spectrum for compound 20
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"H COSY spectrum for compound 20
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"H"C HMBC spectrum for compound 20
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Figure S19. NMR information for compound 20. NMR spectra include 'H, "°C,
COSY, HSQC, HMBC, and NOESY.
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d. compound 25 (Cs-Tei)
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g. compound 27 (C;4-Tei)

100
90

W A OO N
o O O © O

o

Relative Abundance

0 +r—rrrrrr1rrr

1936.89

1935.90

1934.80

1938.54 Exact Mass: 1933.62

1939.34
| 1940.28

1925 1930
h. compound 28 (Cy6-Tei)

100
90

®
o O

W A O O N
o O O O

Relative Abundance

= N
© o o

)
1935
m/z

1963.80

1962.69

T L e e e LB
1940 1 945 1950 1955

1966.05

1966.74 Exact Mass: 1961.65

1967.60

r196852
AL gy

L) 1 T T T L] .l = T
1945 1950 1955

i. compound 29 (Cys-Tei)

100
90

Relative Abundance
= N W D O O N ©
O O O O O O O o

1990.85

T = T T T
1960
m/z

1992.24

|1991I.65

L |
1965

L0
1993.72 HO&&O %
1992.88 e NEN HNE{’
MHHA O 0 - INH,

1970 1975 1 980

QO

1994.53
Exact Mass: 1989.68

1995.48
1 9%6.53

o T T
1986 1988

e L
1990

e
1992
m/z

S38

s b e T 1
1994 1996 1998 2000
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p. compound 36 (4-biphenthyl acetyl-Tei)
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s. compound 39 (12-hydroxydodecanoyl-Tei)
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Figure S20. LC traces (a) and mass spectra (b-t) for major acylated Tei
derivatives generated in the Orfl1* catalysed reactions. (i) LC trace of C,-Tei 23.
(11) LC trace of Cs-Tei 25. (ii1) LC trace of Cg-Tei 10. (iv) LC trace of Ci,-Tei 26. (v)
LC trace of Cy4-Tei 27. (vi) LC trace of Cj6-Tei 28. (vii) LC trace of C;g-Tei 29. (viii)
LC trace of phenyl acetyl-Tei 35. (ix) LC trace of 4-biphenthyl acetyl-Tei 36.
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b. compound 15 (dihydrocinnamoyl-Tei)
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c. compound 18 (2N-decanoyl, 60-dihydrocinnamoyl-Tei)
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d. compound 16 (5-(4-fluoro-phenyl) valeryl-Tei)
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e. compound 19 (2N-decanoyl, 60-5-(4-fluoro-phenyl) valeryl-Tei)
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f. compound 17 (6-phenyl hexanoyl-Tei)
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g. compound 20 (2N-decanoyl, 60-6-phenyl hexanoyl-Tei)
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Figure S21. LC traces (a) and mass spectra (b-g) for the Tei analogs used in the
MIC assays. (i) LC trace of dihydrocinnamoyl-Tei 185. (i1) LC trace of 2N-decanoy],
60-dihydrocinnamoyl-Tei 18. (iii) LC trace of 5-(4-fluoro-phenyl) valeryl-Tei 16. (iv)
LC trace of 2N-decanoyl, 60-5-(4-fluoro-phenyl) valeryl-Tei 19. (v) LC trace of
6-phenyl hexanoyl-Tei 17. (vi) LC trace of 2N-decanoyl, 60-6-phenyl hexanoyl-Tei
20. (vii) LC trace of Cg-Tei 10. (viii) LC trace of 2N-decanoyl, 60-octanoyl-Tei 12.
(ix) LC trace of teicoplanin 1. (x) LC trace of vancomycin 6. (xi) LC trace of
C6-decylaminated Tei 21. (xi1) LC trace of C6-benzylamine-Tei 22.
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Orfll~* MDPETVRIALGLEERTAAWLTELDELGPPAEPVRLPRGEEARDLLRRLEVPELDAEEIVA 60

Dbv8 MDAESVRRQLRLGENATAWLSRLEELGPPPEPVRLPQGDEARDLLHRLEVPAPDVEEIVA 60
Kk Kakk Kk K K _sakkhs KakkhAA FAAKA Ak hARAAAAAARA K KAKAK
Orfll~* AAPDPDRDPALWWLLERTHHAIVRHMGDHRAKPRGGPPLPYEGGAAARYFHVYVEFLATVP 120
Dbv8 ATPGPDRDPALWWLLERAHHELVRHMGDYKVKVRGGPTLPYETGAAARYFHVYVFLATLP 120
Kok KrkhAAAAAAAA AR kA shAAAAAa: K KAAA FAAK FARAAARAFARAKAK K
Orfll~* AVRRFHAERGIPDEVGWETLSRLGELVAIHRRKYGQGGMNMQWWTTYHLRGILYRLGRLQ 180
Dbv8 ALRRFHATRDIPEATTWETLTQLGESVAIHRRKYGEGGTNMPWWLTLLVRGLVYRLGRLQ 180
Kekhkkk K K*h: | Kkkks:khk *AAEAAAAK.AK *A *F* ckA . sk AAEAAA
Orfll~* FSLATGKDGTPHLGLHVPEWGGPLLPKAYDESLHRARPFFDRHFPEHGARVAWGSSWMLD 240
Dbv8 YNLAVAKDGTPVLGLHIPEVGGPLIPDIYYDSLRRARPFFERHFPEHGARAATGTSWLLD 240

- * % EE o o e S o S I S S S o o T * LI I S o o o o R S e o S e e o o S TR S R

Orfll~* PQLEEYLTEDSNIIQLARFWTLTDSAPEPGNADGDSSILEFVFRYNGQPLDELPQRSSLE 300

Dbv8 PQLAEYLAEDSHILQLRRGWTLLDSEPQ-———-DGDDAILEFVFRYNGQPLEELPQRSTLE 296
kkk Krkkekhrkkak:ikk K KAK KA Ko Kkk sk k kAR A A AEA A ARk AEA KA KK

Orfll~* RAVIAHLKAGRHWHMRTGFVKLP 323

Dbv8 KAVVTHLLAGRHWYQRSGRIELP 319

Figure S22. Sequence alignment results of Orfl1* and Dbv8. The sequence
identity and similarity are 71% (228/323) and 82% (265/323), respectively.
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Table S1. Data collection, phasing and refinement statistics for structures of Dbv8, Orfl11* and mutants thereof.

Se-Orfl1* Orfl 1*H196A/ Dbv8/ Orfl 1*H196A/ Orfl 1*H196A/
decanoyl-CoA decanoyl-CoA decanoyl-CoA/ decanoyl-CoA-
Tei pseudoaglycone Tei pseudoaglycone

Data collection
Space group P6, P65 P2,2,2, P65 P65
Cell dimensions

a, b, c(A) 105.5,105.5, 133.9 133.4,133.4,49.5 53.7,68.5,95.1 133.6, 133.6,49.3 133.7,133.7,49.4

a, By (°) 90.0, 90.0, 120.0 90.0, 90.0, 120.0 90.0, 90.0, 90.0 90.0, 90.0, 120.0 90.0, 90.0, 120.0
Wavelength 0.97893 0.97622 0.97622 1.00000 1.00000
Resolution (A) 30.0-2.90(3.00-2.90) 30.0-1.90(1.97-1.90) 30.0-2.10(2.18-2.10) 30.0-1.90(1.97-1.90) 30.0-2.15(2.23-2.15)
Rym O Ryperge (%) 8.6(69.0) 9.3(54.8) 14.2(57.2) 5.1(56.8) 7.8(58.2)
I/ol 33.3(5.1) 16.3(3.5) 13.5(2.3) 38.7(3.9) 25.5(5.3)
Completeness (%) 98.8(99.6) 100.0(100.0) 99.6(97.2) 100.0(100.0) 99.9(100.0)
Redundancy 12.6(12.4) 5.9(6.0) 7.4(5.6) 5.9(6.0) 7.0(7.4)
Refinement
Resolution (A) 2.9 1.90 2.10 1.90 2.15
No. reflections 17598 37919 19900 37841 26394
Ryork/ Riree (%) 18.0/22.9 16.4/20.2 18.9/25.7 17.4/21.1 17.7/21.7
No. atoms

Protein 2643 2671 2586 2670 2699

Ligand/ion -/- 59/0 59/0 180/0 180/0

Water 53 464 272 363 255
B-factors

Protein 67.0 27.6 24.9 31.8 38.2

Ligand/ion -/- 25.3/0 25.1/0 63.7/0 71.8/0

Water 50.9 40.5 31.9 42.8 47.4
R.m.s deviations

Bond lengths (A) 0.0087 0.0119 0.0118 0.0101 0.0122
Bond angles (°) 1.4367 1.3934 1.5415 1.302 1.555

Highest resolution shell is shown in parenthesis.
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Orfl1 1*H196A/
CoA/
10C-teicoplanin

Orfl1%*/
octanoyl-CoA/teicoplanin

Orfl11*/CoA/
06-decanoyl-teicoplanin

Data collection

Space group

Cell dimensions
a,b,c(A)
a By ()

Wavelength
Resolution (A)
Ryym 0T Riperge (%0)
l/ol
Completeness (%)
Redundancy

Refinement
Resolution (A)
No. reflections
Rwork/ Rfree (%)
No. atoms
Protein
Ligand/ion
Water
B-factors
Protein
Ligand/ion
Water
R.m.s deviations
Bond lengths (A)
Bond angles (°)

P6;

133.6, 133.6, 49.3
90.0, 90.0, 120.0

1.00000
30.0-2.00(2.07-2.00)
5.8(59.5)

34.4(3.6)
100.0(100.0)
7.5(7.5)

2.00
32571
17.3/21.7

2658
180/0
311

353
45.5/0
43.9

0.0105
1.456

P6;

133.2,133.2,49.1
90.0, 90.0, 120.0

1.00000
30.0-2.35(2.43-2.35)
6.6(51.6)

24.7(2.9)

99.9(99.9)

5.8(5.2)

2.35
19955
18.5/23.3

2632
81/0
107

48.9
59.3/0
48.7

0.0098
1.3976

P6;

134.4,134.4,49.3
90.0, 90.0, 120.0

1.00000
30.0-2.00(2.07-2.00)
6.9(48.4)

5.8(4.1)

100.0(99.8)

6.6(7.0)

2.00
32849
19.2/22.0

2638
71/0
299

33.5
37.4/0
41.4

0.0075
1.1807

Highest resolution shell is shown in parenthesis.
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Table S2. Structures of acyl-CoAs and their availability in enzymatic reactions.

Acyl-CoA donor Acyl group Activity of Orf11*
acetyl-CoA (Cy), 23 o
o +
%7 CHj,
butyryl-CoA (Cy), 24 0
Il
.C +
7" CH,
hexanoyl-CoA (Cy), 25 0
I
.C +
%S e,
octanoyl-CoA (Cy), 10 e}
I
.C +
%S e,
decanoyl-CoA (Cyy), 13 0O
I
.C +
%S e,
lauroyl-CoA (Cyy), 26 0
I
.C +
%S e,
myristoyl-CoA (Cy4), 27 0
I
.C +
%S e,
palmitoyl-CoA (Ce), 28 0O
I
.C +
%S e,
stearoyl-CoA (Cis), 29 0O
I
+

S53



Acyl-CoA donor Acyl group Activity of Orf11*
malonyl-CoA O O
1l
.C -
% JJ\o H
acetoacetyl-CoA, 30 O O
I
.C +
% ch Hs
B-hydroxybutyryl-CoA, 31 O OH
I
.C +
% J\C Hs
isobutyryl-CoA 0
Il
%C YC Hi -
CHj
isovaleryl-CoA, 32 O CHs
I
.C +
% J\C Hs
succinyl-CoA, 33 o
Il
+
122 C WO H
O
glutaryl-CoA, 34 0 0 +
I
.C
?1{ \/\)J\O H
methylmalonyl-CoA O O
1l
.C -
S
CH,
benzoyl-CoA o)
I
“C |
phenylacetyl-CoA, 35
+
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4-biphenyl acetyl-CoA, 36

3-naphthlen propionyl-CoA, ')
37

4-pentynoyl-CoA, 38 O

12-hydroxydodecanoyl-CoA 0
I
, 39 ';_gC WO H +

5-(4-fluoro-phenyl) e}

ValerYI-COA, 16 Q%C\/\/\©\ +
F
6-phenyl hexanoyl-CoA, 17 0
I
5C '

7-phenyl heptanoyl-CoA, 40 0O

The enzymatic activities were determined by LC/MS. “+” represents the given
acyl-CoA can be utilized by Orf11* to generate corresponding acyl Tei derivatives.
Malonyl-, isobutyryl-, methylmalonyl- and benzoyl-CoA cannot be utilized by Orf11*
due to steric hindrance. Major LC traces and mass spectra for positive reactions are
shown in Figure S20.
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Table S3. Relative enzymatic activities of mutants and proposed functions for the

selected residues.

Mutant Relative activity” (%) Expected functions

H196A 5 an active site residue (general base)

S236A 10 an active site residue (general acid)

H196A/S236A 0 active site residues

W163S 38 a sugar binding site residue (r4-glucosamine of
pseudoaglycone)

W164S 46 a sugar binding site residue (r4-glucosamine of
pseudoaglycone)

E145A 79 a residue for salt bridge formation

W237A 8 an acyl-CoA binding site residue (decanoyl-CoA)

F281S 2 a sugar binding site residue (r4-glucosamine of

pseudoaglycone)

a. The activities of mutants were determined by HPLC. The reaction rates were

calculated using the linear regression equation on the basis of averaged peak areas in

triplicate. The relative activities were determined by dividing individual reaction rates
with that of WT, where the relative activity of WT 1s 100%.
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Table S4. NMR assignments for compound 7.

7 reference: 6 (vancomycin)

Position BC-NMR (8 ppm) "H-NMR (8 ppm)
C-1 14.4 0.85m

C-2 22.5 1.28 m

C-3 31.6 1.20 m

C-4 29.5 1.23m

C-5 28.8 1.21m

C-6 24.8 1.47 m

C-7 33.9 220 m

C-8 173.4 —

C-9 63.6 3.28 m

The assignment is based on the spectra shown in Figure S13.
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Table S5. NMR assignments for compound 10.

10 reference: 1 (teicoplanin A2-2)

Position BC-NMR (8 ppm) "H-NMR (8 ppm)
C-1 17.2 0.83 m

C-2 25.3 1.22m

C-3 34.4 1.20 m

C-4 31.7 1.10 m

C-5 32.0 1.23m

C-6 28.2 1.46 m

C-7 39.07 2.08 m

C-8 175.4 —

The assignment is based on the spectra shown in Figure S15.
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Table S6. NMR assignments for compound 11.

"Ro
(0]
iNH,
11 reference: 1 (teicoplanin A2-2)
Position BC-NMR (8 ppm) "H-NMR (8 ppm)
C-1 22.5 0.82d (J 6.6)
C-2 27.4 1.46 m
C-3 38.5 1.07 m
C-4 26.6 1.16 m
C-5 29.2 1.13m
C-6 28.5 1.23m
C-7 24.5 1.47 m
C-8 35.8 2.0m
C-9 172.33 —
C-r 13.9 0.85m
Cc-2 22.1 1.25m
C-3 31.2 1.22m
c-4 26.7 1.08 m
C-5 28.9 1.10 m
C-6’ 25.2 1.38 m
C-7 33.7 222 m
C-8 169.61 —
C-9 63.12 3.35m

The assignment is based on the spectra shown in Figure S16.
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Table S7. NMR assignments for compound 20.

20 reference: 1 (teicoplanin A2-2)
Position BC-NMR (8 ppm) "H-NMR (8 ppm)
C-1 22.4 0.81d(J6.8)
C-2 27.2 1.43m
C-3 38.5 1.05m
C-4 26.6 1.14m
C-5 28.8 1.12m
C-6 28.7 1.23m
C-7 24.4 1.52m
C-8 35.8 1.99 m
C-9 172.33 —
C-1’ 115.8 6.7 m
C-2’ 125.6 7.15m
C-3° 128.26 7.24 m
C-4’ 142.17 —
C-5’ 35.02 2.54m
C-6’ 28.24 1.29m
C-7’ 30.8 1.54m
C-8 24.17 1.526 m
C-9’ 33.54 2276 m
C-10° 169.59 —
C-11° 63.09 3.352m

The assignment is based on the spectra shown in Figure S19.
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