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[bookmark: _Toc67128139]Figure S21. Expanded and annotated 1H NMR spectrum of 1.
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[bookmark: _Toc67128140]Figure S22. Expanded and annotated 1H NMR spectrum of 1.
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[bookmark: _Toc67128141]Figure S23. Expanded and annotated 1H NMR spectrum of 1.
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[bookmark: _Toc67128142]Figure S24. Expanded and annotated 1H NMR spectrum of 1.
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[bookmark: _Toc67128143]Figure S25. Expanded and annotated HSQC spectrum of 1.
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[bookmark: _Toc67128144]Figure S26. Expanded and annotated HSQC spectrum of 1. 
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[bookmark: _Toc67128145]Figures S27. Annotated HSQC spectrum of 1.








[bookmark: _Hlk66829359]
Figure S28. Key cross-peaks in the COSY, HMBC, and ROESY spectra of the bis-thioethane unit of 1, indicating an unprecendented bis-thiothane cross link has been found to be present in 1. 
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[bookmark: _Toc67128146]Figure S29. Assignment of NHs in key amino acid residues using COSY correlations between  to NH of amino acid residue.
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[bookmark: _Toc67128147]Figure S30. Key correlations in the ROESY spectrum showing link between Ala(S1)-11 and aminoethane-1,2-dithiol group.






[bookmark: _Toc67128148]Figure S31. The planar structure of 1 with COSY/HSQC-TOCSY, HMBC (HC) observed correlations of 1.
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[bookmark: _Hlk66829554]Figure S32. a. EIC chromatography of proteinogenic amino acids residues from kintamdin from advanced Marfey’s derivatization. b-h. EIC chromatography of individual derivatized proteinogenic amino acid residues, Trp, Ser, Glu, Ile, Leu, Val, Asp and Ala, respectively.
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Figure S33. EIC chromatography of derivatized Ala residues from 1 (top), standard L-Ala (middle) and standard D-Ala, indicating the presence of three D-Ala residues in 1.
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[bookmark: _Toc67128149]Figure S34. Observed ROE correlation between Aaa-7-2 and the methyl group of Abu(S2)-22-4.
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[bookmark: _Toc67128150]Figure S35. Observed ROE correlation between Ala-21-2 and Asp-24-3A.
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[bookmark: _Hlk66830375][bookmark: _Toc67128151]Figure S36. Observed ROE correlation between Ala-21-2 and Leu-14-3A.
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[bookmark: _Hlk66830411][bookmark: _Hlk66730231]Figure S37. Scheme of a modified TAR cloning strategy by inserting two arms into the original pCAP03-acc(3)IV plasmid to generate pCAP03-kinLR construct. To improve the capture efficiency, two 1kb homologous arms that flank the upstream and downstream regions of the BGC of interest were amplified and inserted into the SpeI site and the KpnI site of pCAP03-acc(3)IV, respectively. In this construction method, the pADH-ura3 counter selection system was kept for counteracting plasmid recircularization in yeast due to nonhomologous end joining (NHEJ).
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[bookmark: _Toc67128152]Figure S38. MS analysis of 1 identified from heterologous expression system.
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[bookmark: _Toc67128153]Figure S39. Tandem MS analysis of 1 identified in the heterologous expression system.




[image: ]
[bookmark: _Toc67128154]Figure S40. EIC extraction of 1 in the variants.
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[bookmark: _Toc67128155]Figure S41. Tandem MS analysis of the intermediate 2 accumulated in the kinO variant.
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[bookmark: _Toc67128156]Figure S42. Tandem MS analysis of the intermediate 3 accumulated in the kinI variant.
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Figure S43. SDS page analysis of recombinant KinI (Right) and KinO (Left) with the corrected molecular weights, respectively.
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[bookmark: _Toc67128157]Figure S44. EIC analysis of the product generated in the assay of incubation of KinO with 2 accumulated.
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[bookmark: _Toc67128158]Figure S45. Proposed biosynthetic pathway to form kintamdin.
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Figure S46. Conserved genome context suggested that a group of hypothetical protein are the kintamdin-like precursor peptides with characteristic motifs.
image5.png
@
Trp-23-9
@ < Trp-23-7
Trp-23-6 _
STrp-23-8
@
Trp-23-11 Dhb-2-3
@‘/
© < Dhb-20-3
=2
T Dhb-6-3
= T Dhb-4-3
AZ7b Dhb-3-3

Aaa-7-4

Dha-8-3A
)

@ (-]

Dhb-8-3B

"76 7.4 7.2 7.0 6.8 6.6 64 6.2 60 58 56 54 5.2

f2 (ppm)

r100
r105
r110

1115
a

=y

L1207
1125
1130

F135




image6.png
JWLM

AN

=
Gly-26-2 r44
e Abu(S,)-22-3 I
Ala-17-2  Ala-18-2 r48
Asp-24-2 Ala-21-2 = [
sp¢ Ala-13-2 52
Leu-14-2 [
= ¢ Ala-16-2 56
=4 = = . r
A AIa(Sl;}Ll-Z /@> Amlnoetl’ljlne-CH = L
Ser-25-2 Glu-9-2 =% Abu(S,)-22-2 [ 60
4 lle-10-2
Trp-23-2 ©\© ’\;al-ls-z 6
Val-5-2 S'\zs ; . i
er-25- =
Val-12-2 [
Val-19-2 68
& 72
= NMe,-lle-1-2 L

46 45 44 43 42 4.1 40 3.9 3.8 3.7 3.6 3.5 3.4
f2 (ppm)




image7.png
JAUMMWM_MWAM

r10
Dhb-64 10 6 [
Dhb-2-4 et 1>
} 4 Dhb-20-4 Val-19-5
Ala-17-3/Ala-18-3 o
t Ehb_4_4 i NMe,lle-1-5 14
Dhb-3-4 (O PEENETE o F
H16E
] Ile-10-5 5
Ala-21-3  Ala-16-3 Z
ri8¢
3 r20
F22
% Leu-14-s» 24

"185 1.75 1.65 1.55 1.45 1.35 1.25 1.15 1.05 0.95 0.85
f2 (ppm)




image8.emf
O

N

H

O

O

NH

HN

HN

S

S

Trp

Asp

Ser

Lys

Val

Ala

Leu

Val

Ala

Ala

Ala

Val

Dhb

Ala

Ile

COSY

HMBC

ROESY



image9.png
HN-0T-3ll
HN-8T-ely—>

HN-ZTHBA
HN-TT-(*S)ery —»

HN-G-eA 7
HN-GT-BA

HN-G¢-13S

HN-7T-na7

HO-§Z-13
HN-ZZ-(°s)nav

HN-LT-elY

(wad) 14

APYRVTIR

A
0

o

14

o

a'q}‘_ff"

o

&__p__o__
&

2 (ppm)




image10.png
Aminoethane-1,2-dithiol-2B

S

Ala(s,)-11-3B

Aminoethane-1,2-dithiol-2A —*

Ala(S,)-11-3A
Val-12-2 —»
Abu(S,)-22 >

Aminoethane-1,2-dithiol-o. —

Ala(s,)-11-2 —»

-1,2-dithiol-NH

4]
c
I

<

=
©
o
c
€
<<

Ala(s,)-11-NH

r2.7
_____________ — Ala(S1)-11-NH-Aminoethane- [,
i1 1,2-dithiel-28 [0
= F3.0
________________

[31
— [
_____ = =D
i__;____|____ s == Amlnoethaneé,zolthlol Ala(S,)-3B »
R =
= 3.6
fa7
fas
[30
L0

_ s
1 fa2
r = Ala(S,)-11-NH-Aminoethane- Las
s e 1,2-dithiot=—
_______ _— = pas

800 7.99 7.98 7.97 7.96 7.95 7.94 7.93 7.92 7.91 7.90 7.89 7.88 7.87 7.86 7.85 7.84 7.83 7.82 7.81 7.80 7.79 7.78 7.7
f2 (ppm)

f1 (ppm)




image11.emf
O

H

N

O

N

H

O

H

N

N

H

O

O

N

H

O OH

O

H

N

O

N

H

O

HN

O

HN

O

NH

O

HN

O

H

N

O

N

H

O

H

N

O

NH

O

HN

O

HN

O

NH

O

HN

HN

O

NH

O

HO

O

N

H

OH

O

H

N

HN

O

N

H

O

H

N

O

N

S

S

H

N

O

COSY/HSQC-TOCSY

HMBC



image12.png
vigs IR

v141-na1
VIG-1-di-1
VIg4-71-811

V1041191
-7-dsy -
N 25

30
30
30
30
30
30
30
30

25
25
25
25
25
25
25

20
20
20
20
20
20
20
20

15
15
15
15
15
15
15

Retention time (min)

10
10
10
10
10
10
10
10





image13.png
FDLA-D-Ala

FLAL AR Peptide sample

Standard L-ala

’\ Standard D-ala




image14.emf
5.3 5.3 5.3 5.4 5.4 5.4 5.4 5.4 5.5 5.5 5.5 5.5 5.5

f2 (ppm)

1.2

1.2

1.2

1.2

1.2

1.2

1.3

1.3

1.3

1.3

1.3

1.3

1.3

f

1

 

(

p

p

m

)


image15.emf
5.3 5.3 5.3 5.4 5.4 5.4 5.4 5.4 5.5 5.5 5.5 5.5 5.5

f2 (ppm)

1.2

1.2

1.2

1.2

1.2

1.2

1.3

1.3

1.3

1.3

1.3

1.3

1.3

f

1

 

(

p

p

m

)


image16.emf
4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.3

f2 (ppm)

3.0

3.0

3.1

3.1

3.2

f

1

 

(

p

p

m

)


image17.emf
4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.3

f2 (ppm)

3.0

3.0

3.1

3.1

3.2

f

1

 

(

p

p

m

)


image18.emf
1.9 1.9 1.9 1.9 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.1 2.1

f2 (ppm)

3.8

3.8

3.8

3.9

3.9

3.9

3.9

3.9

f

1

 

(

p

p

m

)


image19.emf
1.9 1.9 1.9 1.9 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.1 2.1

f2 (ppm)

3.8

3.8

3.8

3.9

3.9

3.9

3.9

3.9

f

1

 

(

p

p

m

)


image20.png
Putative kintamdin biosynthetic gene cluster

Left arm Rightarm

Streptomyces sp. RK44 genome DNA ’ !

ARSH4/CENG
Linearization ARSH4/CENG
CAPO3-kinLR i
| \o r _ PCAPO3-kinLR —>  pCAPD-kin
\ Xhol + Ndel
\ anp
xonr (RP4)
o o
N b

In-Fusion
Cloning

/

PCR Reacti
eaction \/
A ace(3)1v
»
| oriT ®P4) URA3 \
‘ PCAPO3-ace(3)IV Kprl
\ ARSH4/CENG

/ [N streptomyces integration elements
pucon -~ B . coli lements
N Yeast elements





image21.png
Intens,
xtob

20

15

10 M1152: pCAPO3-kin2

05

M1152: pCAPO3

00

7 8Time [min]

ot

mers2

[M+3H]*

[M+2H]2*

ad
10

s
o8
o

02

o0

370860

2551769 ios pira oL it v, s amin b2

17106 p1.72_01_1645.6: 0, 5.2min 423

w84

sas7s02

000 1800

1255269 12306 P1.72.01 1645, 1,5 2min 3323

1sss279
12546253

preesen]

12566298

729 127 6301

£ CraHarNasOni, M, 836.7520 24 CoHuNiOuSs, M, 12546243
8370863 12551258
N o Koo paternsimaon . Kcipicpatn smsbton
8367520 12sdb2es e ad
3 2+
i uskione
> 2+
wlieo o, wdin
™ s 2 [
P T e ey IR T T e rr e e P rrs




image22.png
Intens.

e L7106_P1-F-2_01_1645.d: +M52(1255.1269), 40 1eV, 5 2min #424
7582027
¥8
25
20 y12 b13
) 10704727 1226 6246
15
yi4
VI3 hasaeasbld o
10 b5 vii 11695415 [1330.7089 P15
o 02a ssoassa| 14387780
w6 7 " b16
os iy conar 812558 10 15008152 b19
i b b6 » o b1l y15 big 17519618
b7 | b8 v16
00 " | " lh\ IO WY | \ 1l \A [ e | ¥ v 020 b2t
200 400 600 800 1000 1200 1400 1600 1800 mz
b3 b4 DbS b6 b7 b8 b1l b12 b13 b4 b15S b16 b17 b1S b19 b20 b21

16

yis yia

¥13 y12 yi1

¥10

¥
~

s-





image23.png
\ Aorf(-1)
A Aorf(-2)
Aorfl
STD

40 45 50 55 60 65
Time [min]




image24.png
Intens.

X105 7582022 17121_P1-C-5_01_2524.d: +MS2(1241.1112), 39.8eV, 5.1min #394
20 f v8
AkinO
15
yiz
10 -
1070.4725
bs
w2700 Y6 i1 s M
05 b4 6042177 999.4347 | 11605002 12826246
b3 3632018 9104337 b13 b15
280.1651 8483966 | 1 b19
b6 1‘ \310 b12 D14 14107443,
3 ¥o i 1 16 b17 bI8 17229236

00l N \ u“llb7u " B 70 e S TN RS0 N S | b20

200 400 600 800 1000 1200 1400 1600 1800 m/z

b3 b4 bS5 b6 b7 b8 b1l b12 b13 bl4 bl5 bl6 bl7 bl8 bl9 b20 b21

¥16 y15 yi4

¥13 yl12 yi1
S





image25.png
Intens.
x104

15

10

05

00

12122_P1-C-6_01_2525.d: +MS2(1278.1297), 40.6eV, 4.7min #367
¥8
v6  soezoms AkinI
6502238
b5 ¥i2 b3
903012 11164788 12266237
b4 . y11 .
y7 10454414 . yi4
Soraees 2 b6 7212603 yo  y10 b12Yh 13286334 pi5
5733386 905 3642 972403 1414387777 10
1 { b7, i t b1l ylsl ble 17519593 21
Y ‘yS\ FAITL RV TR l Lo L ® L | y1q P17 p18 i b20
400 600 800 1000 1200 1400 1600 1800 m/z
b3 b4 b5 b6 b7 b11 b12 b13 b14 b15b16 b17 b18 b19 b20 b21

¥16 y15 y14 y13 y12 y11y10 y9 y8 y7 y6 y5 y4





image26.png
KinO M Kinl
S5

40
33 kDa — .""
<«—26 kDa
i)

10




image27.png
[ntens. Intens.
x106 x106
0 1.25
’ The mature kintaridin The nonmethylated substrate
08 1.00
06 075
04 KinO 050 KinO
0.2 - 0.25 )
Boiled enzyme Boiled enzyme
004 - 000+ - - - -

2 3 4 5 6 7 Time min] 2 3 4 5 6 7 Time [min]




image28.png
Leader peptide_n_®®@ vat ) ser)ser) o) e )(Gr3) Vet )(ser) Leu) vai) ser) ) ser) val (e %@@@@@—coou

@ Dehydration and serine rearrangement

@ Hydrogenation on Dha to D-ala

@ Cyclization on bis-thioether crosslink

@ Proteolysis and di-methylation

D —





image29.png
Trp) AsP) Ser) Gy,
)‘ ﬁr

Proteolytic cleavage site  g-Aaa

10 2[0 30 s 40 \ . 5|0 s l QO s 70 , §0

.- -VNAADQLLEGYTAYTTAEEFGVAAESDAPA- I--WTAVT----- BSE IBVSLVSA- - -SNTARNDSEE
- MNIEADQESFAGH TANGE SAEEFGYV TAECDARA - T - - BPS | LVS IDMSSAABGA - T 1G - - YSISKEVNGEE
- MNTADQISFAGY| TAYER S SEEFGV TAEGDARA - T- - IPS | LAS IDTSSAABGA-TIG- -YS |1 SQif | HGB8

KinA/1-57
WP_071383936.1/1-62
WP_093682639.1/1-62

WP_015659228.1/1-61 - - - -MNTAEQEFAGY A AN NAEEFGASAGPDARA - | - -l ITTV- - - - -S8PEBVYFSLSAVSG- - -S| ATEKSWEE
WP_060892876.1/1-62 - - - -MNWTEQERAGY TANCINAEEFCASAESDARAS | - - VT TV - -88CGE@VYFSLSAVSG- - -S| ATHKAWEE
WP_122818067.1/1-59 - - - -MSHKD - BRSGYABIDAAELG - TAHADARA - | - - BPTV T - -88SAF@VATSAAVVSA- - - SNDNEIFDHEBE
SIR64717.1/1-55 - - - -MOE TEQEFAGY TANSIDAEE | GVPVEGEAPA - T - - BPTL - --8TAVEAS-AVS- - -VTVARWY Y BB
ATZ25984.1/1-49 ----MOSMD - EFAGY AR TPEELAASEATDARA - | - -ITTVT-----88EIB------- - - - I TIHVGWEE
WP_060892875.1/1-66 - - - -MNTAEQEAGY TANCINAEEFGACATAENPA - | - -PTVLSF | GGESAGEBGG - AVSA | SG- - AGNTARVNNEE
WP_015659229.1/1-66 - - - -MNWAEQISFAGN TANGINAEEFGACATAENPA - | - -IPTLLSF | GGESGGEGG - AVSA | SG- - ASVAGHVNWEE
SDP74697.1/1-55 - - - -MSHQD - BNRAGN A BNGINAAEL HAG - EDDARA - | - -BPTTT- - - - - 88FPBGV - SVG - - ASVNAElIVDNEE
SDP74668.1/1-55 - - - -MSEQD - EFAGY A ANTENAAEL HAG - EDEBRA - V - - BPTAT - - - - -S8VPESL | SAA- - - SVDN[FDHEE
WP_093682638.1/1-60 - - - -MNTADQEAGY | ANISAEEFGV TAEGDARA - T- -PVTVTTV- - SSTEQVSLTAS - - -VNGTHILSGHE
WP_071383935.1/1-60 - MNITADQEFACY TANGESAEEFGY TAEGDARA - T - - BPVTVTTV - - S§PEEBVQVSIT - --VNGTH | SGNE
SDP74684.1/1-55 B ----MSTOD PAGY A ANGINAAEL HAG - EDEARA - V - - lIPSTT- - - - - S8§FP@GV - TVG - -ASVTERLNSEE

SOE29366.1/1-79 MTTRSDR | PKGNHVNIADQEFAGY| TANSEO AADFGASAGGQARA - T - - BPT | LSV | AESTPABGG - AVSAVSA - - SANGF RAHNVEE
WP_053560634.1/1-65 - - - - - -MNASAHIERAGY TANSR TRAAEFEDAS | TADARAVTPAMPS | ALS | AESSYABGA -GVG - -AS1GI[F TKEE
SDS42376.1/1-59 METQTENSEMANMRTPSA | SNAVADEARA - | - - SPTATVTT- -88QABIT-TIS- -MTMTAN IDNEE
WP_054237385.1/1-66 - MNIADQISFAGY| TANGID AADFGASAAGEMBA - T- -lPS | I TA- - -S8SPEBGAFS I SAASG | LTSVS | lIHGAGE
WP_079089964.1/1-66 - - - - - - MNTADQIEFAGY TANTIDAADEGASAGGQARA - T- - PT | LSV I AESTPABGG - AVSAVSA - - SAVGF [JAHWEE





image1.png
+26

22
18
14

10

CTTIBN —»

€-¢z-(‘s)nqv—»
z-ze-(Ss)nay —»

CST-IBA—>

C6T-IBA —»

g€-9¢-4S —»

TET-ElY

™
TOoT-3ll
TT-3|I-%NN >
(%'7s) joiyup-z T-aueyIzoUIWy

C-9T-BlV —»
zotho

¢-8T-ely —*
VE-S¢-13S —»

3.98 3.92 3.86 3.80 3.74 3.68 3.62 3.56 3.50 3.44 3.38

fi (ppm)




image2.png
n o wm o
N N +H-H — W1n O

VE-¥T-na1 —»

v
pT-na1~

E6ND
ETTeA ——— >
e T
€-0T-3l1 —»
ESIeN/EST-BA

C6T-IBA —>

-lle-1

ge-yz-dsy

gg-aueylaoulwy >
—>

NMe
A/ 2

agz-TT-(1s)ey
veE—prdsy >
L

vz-oueyoujwy

€-g-dil —>

VEC-TT-(1S)ely —»

3.33.23.13.02928272625242322212.0

f1 (ppm)




image3.png
<——Dhb-3-4
<+——Dhb-2-4

Dhb-6-4
< Dhb-4-4

<—— Dhb-20-4

<«——lle-10-4A

«

<« NMe,-lle-1-4A

Leu-14-3B

<— Ala-18-3

NMe,-lle-1-4B

« Abu (S;)-22-4

65
:55
:45
35
25

r15

90

1.80

170

160 1.50

f1 (ppm)

1.40

130

1.20




image4.png
-80

30
20
10

70
60
50
40

9pT-na1
Spr-nel >

v
—

S-6T-IBA

STTIBA —

9-0T-3|l —>

S-0T-3ll —»

v-CTTIeA —p
S-T-3lI%AN —>

>
9-T-3I%BAIN

S-GIBA
v-S-IBA
S-ST-len — >

4

ST-eA

V-6T-[EA —>

1.13 1.10 1.07 1.04 1.01 0.98 0.95 0.92 0.89 0.86

f1 (ppm)





Supporting information


 


–


 


Figures 


21


-


46


 


Figure S21. Expanded and annotated 


1


H NMR spectrum of 


1


.


 


................................


......................


 


2


 


Figure S22. Expanded and annotated 


1


H NMR spectrum of 


1


.


 


................................


......................


 


3


 


Figure S23. Expanded and annotated 


1


H NMR spectrum of 


1


.


 


................................


......................


 


4


 


Figure S24. Expanded and annotated 


1


H NMR spectrum of 


1


.


 


................................


......................


 


5


 


Figure S25. Expanded and annotated HSQC spectrum of 


1


.
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Figure S26. Expanded and annotated HSQC spectrum of 


1
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Figures S27. Annotated HSQC spectrum of 
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Figure S29. Assignment of NHs in key amino acid 


residues using COSY correlations between 


a


 


to 


NH of amino acid residue.
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Figure S30. Key correlations in the ROESY spectrum showing link between Ala(S1)


-


11 and 


aminoethane


-


1,2


-


dithiol group.
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Figure S31. The planar structure of 


1


 


with COSY/HSQC


-


TOCSY, HMBC (H


®


C) observed correlations 


of 


1


.
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Figure S34. Observed ROE correlation between Aaa


-


7


-


2 and the methyl group of Abu(S


2


)


-


22


-


4.
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Figure S35


. Observed ROE correlation between Ala
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-


2 and Asp


-


24


-


3A.
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Figure S36


. Observed ROE correlation between Ala


-


21


-


2 and Leu


-


14


-


3A.
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Figure S38. MS analysis of 


1


 


identified from heterologous expression s


ystem.
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Figure S39. Tandem MS analysis of 


1


 


identified in the heterologous expression system.
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Figure S40. EIC extraction of 1 in the variants.
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Figure S41. Tandem MS analysis of the intermediate 


2


 


accumulated in the 


kinO


 


variant.
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Figure S42. Tandem MS analysis of the intermediate 


3


 


accumulated in the 


kinI


 


variant.
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Figure S44. EIC analysis of the product generated in the assay of incubation of KinO with 


2


 


accumulated.
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Figure S45. Proposed biosynthetic pathway to form kintamdin.
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