.CO . =z
el biomolecules @@

Supplementary Information

Identification of a Biosynthetic Gene Cluster
Responsible for the Production of a New
Pyrrolopyrimidine Natural Product—Huimycin

Hui Shuai !, Maksym Myronovskyi?!, Suvd Nadmid 2 and Andriy Luzhetskyy 13*

! Pharmazeutische Biotechnologie, Universitdt des Saarlandes, 66123 Saarbriicken, Germany;
hui.shuai@uni-saarland.de (H.S.); maksym.myronovskyi@uni-saarland.de (M.M.)

2 School of Pharmacy, Mongolian National University of Medical Sciences, S. Zorig street,
14210 Ulaanbaatar, Mongolia; suvdn@yahoo.com (5.N.)

3 Helmbholtz-Institut fiir Pharmazeutische Forschung Saarland, 66123 Saarbriicken, Germany

* Correspondence: a.luzhetskyy@mx.uni-saarland.de; Tel.: +49-0681-70223

Received: 21 June 2020; Accepted: 16 July 2020; Published: 12 August 2020

Biomolecules 2020, 10, 1074; d0i:10.3390/biom10071074 www.mdpi.com/journal/biomolecules



Biomolecules 2020, 10, 1074 2 of 14

Figures

A B

4 5 6 7 8§ 2116 | 2116_LS | 2116_Rs | 2116_4069] 2116_4074 ] 2116_4075] 2116_4076

11195 | 11195 | 8213 | 11195 11195 11195 11195

8213 | 8213 | 7692 8433 7692 9609 8213

. 7692 | 7692 | 6794 7692 7638 7692 7692

10000 “ 6794 | 6505 | 6505 6794 6794 6794 6794
6505 | 5685 | 5685 6505 6505 6505 6505

8000 5685 | 5481 | 5216 5685 5685 5685 5685
5481 | 5216 | 4617 5481 5481 5481 5481

6000 5216 | 4181 | 2802 5216 5216 5216 5216
4617 | 4028 | 2700 4617 4617 4617 4617

5000 4181 | 3979 | 2558 4181 4181 4181 4181
: 4028 | 3480 | 2556 4028 4028 4028 4028

4000 3480 | 3429 | 2530 3480 3480 3480 3480
3500 — 3429 | 2802 | 2291 3429 3429 3429 3429
3000 2802 | 2700 | 2271 2802 2802 2802 2802
2700 | 2291 | 1882 2700 2700 2700 2700

. 2558 | 1920 | 1850 2558 2558 2558 2558

2500 - 2556 | 1850 | 1748 2556 2556 2556 2556
2530 | 1748 | 1014 2530 2530 2530 2530

2291 | 1598 | 906 2291 2291 2291 2291

2000 e 2271 | 1542 | 879 2271 2271 2271 2271
1920 | 1014 | 835 1920 1920 1920 1920

o 1850 | 906 811 1850 1850 1850 1850

1500 wew 1748 | 879 344 1748 1748 1748 1748
1598 | 344 2 1598 1598 1598 1598

1542 22 1542 1542 1542 1542

1014 1014 1014 1014 1249

906 906 906 906 1014

879 879 879 835 879

835 835 835 811 835

811 811 811 344 811

344 344 344 2 344

22 2 22 22

Figure S1. Restriction mapping of the BAC 2116 and its derivatives with gene deletions. (A) Gel electrophoresis
of Kpnl digests of the following BACs: 2—2116, 3—2I16_LS, 4—2116_RS, 5—2116_4069, 6—2116_4074, 7—
2116_4075, 8—2116_4076, 1—DNA ladder. Size of individual fragments in base pairs is shown. (B) The
expected length of DNA fragments in base pairs obtained after Kpnl digestion of the following BACs: 2116,
2116_LS, 2116_RS, 2116_4069, 2116_4074, 2116_4075, and 2116_4076.
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Figure S2. '"H NMR (500 MHz, MeODs) spectrum of huimyecin 1.
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Figure S3. HSQC (500 MHz, MeODx) spectrum of huimyecin 1.
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Figure S4. HMBC (500 MHz, MeOD4) spectrum (CNST 13=2 Hz) of huimycin 1.
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11 Figure S5. HMBC (500 MHz, MeODs) spectrum (CNST 13=6 Hz) of huimycin 1.
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14 Figure S6. HMBC (500 MHz, MeODs) spectrum (CNST 13=10 Hz) of huimycin 1.
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17 Figure S7. 'H-'H COSY (500 MHz, MeODs) spectrum of huimycin 1.
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20 Figure S8. TOSCY (500 MHz, MeODs) spectrum of huimycin 1.
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23 Figure S9. ROESY (500 MHz, MeODs) spectrum of huimycin 1.
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Tables
Table S1. Bacterial strains used in this work.
Strain Description Reference or source
Kutzneria albida DSM The wild type strain; the source of the [1]
43870 huimycin luster

Streptomyces albus
Dell4

S. albus 2116

S. albus 2116_LS
S. albus 2I116_RS
S. albus 2116_4069
S. albus 2116_4074
S. albus 2116_4075
S. albus 2116_4076
Escherichia coli

ET12567 pUB307
Escherichia coli DH10p3

The heterologous host strain; cluster-free
derivative of the S. albus J1074

Derivative of S. albus Del14 harboring the 2116
BAC

Derivative of S. albus Del14 harboring the
2[16_LS BAC

Derivative of S. albus Del14 harboring the
2I16_RS BAC

Derivative of S. albus Del14 harboring the
2116_4069 BAC

Derivative of S. albus Del14 harboring the
2I16_4074 BAC

Derivative of S. albus Del14 harboring the
2116_4075 BAC

Derivative of S. albus Del14 harboring the
2I16_4076 BAC

Donor strain for intergeneric conjugation

General cloning strain

2]
This work
This work
This work
This work
This work
This work
This work

3]

[4]
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Table S2. Plasmids and BACs used in this work.

11 of 14

BAC Description Reference or source

2116 The BAC containing 95 kb chromosomal [1]
fragment of K. albida; contains huimycin
gene cluster

2I16_LS The derivative of 2116 with the deletion of This work
20 kb DNA fragment upstream the huiA
gene

2I16_RS The derivative of 2116 with the deletion of This work
36 kb DNA fragment downstream the
KALB_4076 gene

2116_4069 The derivative of 2116 with the deletion of This work
KALB_4069 (huiC) gene

2116_4074 The derivative of 2116 with the deletion of This work
KALB_4074 gene

2I16_4075 The derivative of 2116 with the deletion of This work
KALB_4075 gene

2116_4076 The derivative of 2116 with the deletion of This work
KALB_4076 gene

pACS-hyg The plasmid containing hygromycin [5]
resistance gene

pUC19 General cloning vector Thermo Scientific
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Table S3. Primers used in this study.

Primer

Sequence

LS_F
LS R
RS_F
RS R
4069_F
4069_R
4074_F
4074 R
4075_F
4075 R
4076_F
4076_R
LS _chF
LS_chR
RS_chF
RS _chR
4069_chF
4069_chR
4074_chF
4074_chR
4075_chF
4075_chR

4076_chF
4076_chR

CGGTTCCGTCCTGTCACGAAGTGCGCCAGTTGGTAGAGGGCCGCGTGCGCAATACTT
GACATATCACTGT
TACGAGCCCAGCTCACTGAGGCTGGTCTCGAGTGTGTTGGGCGCGTCAGTTCTAGAT
CAGGCGCCGGGGGCGGTGT
ACGCAGAGGCAGCCCGACGCGCCAGCCCACGGTCGTAGCAAGGAGCCAGGCGTCA
GGTGGCACTTITCG
TGATGCAGCAGGGCACTGGGCAGGACGTAACTGGTTGACCGCAGGATCGCGATATC
TTACCAATGCTITAATCAGTG
ATGAGCATGGGAACATCCCGGACAGCGGTGACTCCTCTCGACGCCGAGGGTTTAAA
CCGTCAGGTGGCACTTTTCG
CACAGCACCGAAGCCGTCGACGTGTGGGGGCGGGCGATCAGGACGGCGCCGTTTAA
ACTTACCAATGCTTAATCAGTG
ATGATCGTTCTCGGACTGATCGGACGGCCCGACGTCCCGCTCTGCCATGGTTTAAAC
CGTCAGGTGGCACTTTTCG
CAGGAGCGGCTCACCGCGTACGGCGGCATGACCAGCAGGTCGACGTCCGGGTTTAA
ACTTACCAATGCTTAATCAGTG
ATGGGGAAGAGCTACGAGCGGATAGACGGCAGACTGCGTGCCTTCATCGGTTTAAA
CCGTCAGGTGGCACTITTCG
TATTCAGCGCGCGGAAGCGGTGGCAGCGGCAACGGCAACCCCGGCAGGCCGTITAA
ACTTACCAATGCTTAATCAGTG
ATGGTCGACAACATGCGGAGGTGTGATGAGATACCCGATTCCACGATTGGTTTAAAC
CGTCAGGTGGCACTTTITCG
CAGGTCGGTGAGGTCGCTGTGGGGATTTCGGCGATACGCCAAACGCCGATGTTTAAA
CITACCAATGCITAATCAGTG

GTTCTCCCTTCCACCAGCC

TGTTCTTCAGGACGCGGAC

TGATTTCGTCGCGGTGGAA

GCCGCATACGACAGGGAAT

AACCTGCGGAACCTGCTAC

AACTTGCTGAGTCCCGCTC

CGAACAGTTGTGGTGTGCG

GGTCTTGACAATTGCTCCGG

CGATCCCCTTGGCATGTGA

CGCTGCTGGATGAGATCGT

AACCAACAAGGGGCTGTCC

AGTTCCACCGCGACGAAAT
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