The following supplement accompanies the article

Freshwater Actinobacteria from sediments of the deep and ancient Lake Baikal
(Russia) and their genetic potential as producers of secondary metabolites

Evgenii S. Protasov, Denis V. Axenov-Gribanov, Zhanna M. Shatilina, Maxim A. Timofeyev, Amy L. Lane*
*Corresponding author: amy.lane@unf.edu

Aquatic Microbial Ecology 84: 1-14 (2020)

Table S1. 16S rRNA gene sequence similarity between freshwater Actinobacteria and the closest type strains.

Strain GenBank accession Closestt type strain (GenBank S_eque?ce sampling site Isola.tion
number accession #) identity medium
1B2016P328-1 (F) MG199054 i?ggt;gzl’;ff I\f ;'_"0’0255057”05)"3'“ 100 ;?J':;:ag:'m IPS2
IB2016P328-2 (F) MG199055 f;i’;;%”;{;js badius strain A14 100 ;ztz:a!:'m MS
IB2016P328-3 (F) MG199056 f'f/rlipé;oon;ilgjs badius strain A14 100 IF_{a:JI:i:’a|5koalr;1 MS
IB2016P328-4 (F) MG199057 i;r;p @Zﬁ%’;‘;’ dans strain 100 ;ztz:a!:'m MS
1B2016P328-5 (F) MG199058 f\gggtm{g;; é’(‘)”;;ans strain 100 ;it‘;gagg’”m MS
1B2016P328-6 (F) MG199059 ‘:;rcegztg (MG016024) strain 100 ;it‘;gagg’”m MS
1B2016P328-7 (F) MG199060 fstgf:i ZOTNV fgs( f;ggg;’;i?l v 100 ;?J':;:ag:'m IPS2
1B2016P328-8 (F) MG199061 Qf;:?s”\zv‘):é’;f’(oK’)‘(’3$Z°l”zt;' “a 99.83 ;it‘;gagg’”m IPS2
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IB2016P330-1 (F) MG199064 ‘:;rce_’it(og;;??&“)ens’s strain 100 kztilga!:'m MS
1B2016P330-2 (F) MG199065 igfé’f’(ﬂyégeé 2545) strain 100 kiks‘;gagg’”m MS
1B2016P330-3 (F) MG199066 f:lrggégmcg 61728) strain 100 kiks‘;gagg’”m MS
IB2016P331-1 (F) MG199067 f;i’;;%”;{;js badiius strain A14 100 IF_{?Jksii:,ajllkSaCI)'m Czapek
IB2016P332-1 (F) MG199068 até?;;’?("&egoilg";;;)“s strain 100 IF_{?Jksii:,allkSacl)’m IPS2
IB2016P332-2 (F) MG199069 S”Zi‘f;’;';’ﬁ;ggg'ggg;’ ica strain 100 IF_{?Jksii:,ajllkSaCI)'m MS
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IB2016P333-2 (F) MG199071 f\gg’;"&"{g; g(‘)”;;ans strain 100 IF_{?Jksii:,ajllkSaCI)'m MS
IB2016P333-3 (F) MG199072 f\gg’;"&"{g; g(‘)”;;ans strain 98 IF_{?Jksii:,ajllkSaCI)'m Czapek
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IB2016P334-2 (F) MG199074 flf/rliﬁ(;;%n;)llgjs badiius strain A14 100 E?Jksiigflz?cl)'m IPS2
IB2016P334-3 (F) MG199075 igﬁi;"g\%ggi zcgzg)er us strain 100 E?Jksiigflz?cl)'m IPS2
IB2016P335-1 (F) MG199076 itt::ﬁ t‘(’:':;’ ?3;6”;2520;;)65’/’5 100 E?Jksiigflz?cl)'m IPS2
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Table S2. Previously reported PKS-I KS domain sequences most similar to the amino acid sequences of freshwater strain KS domains,

based on BLASTP analyses.

Strain

Freshwater KS
accession number

Most similar entry in NCBI database based on BLASTP
(Accession #)

Sequence similarity

Streptomyces sp. MG249996 beta-ketoacyl synthase, N-terminal domain protein of 88%
IB2016P328-2 Streptomyces ipomoeae 91-03 (EKX63339)

Streptomyces sp. MG249997 polyketide synthase of Streptomyces sp. ID05-A0327 91%
IB2016P328-3 (BAH67922)

Streptomyces sp. MG249998 beta-ketoacyl synthase of Streptomyces sp. FXJ7.329 88%
IB2016P328-4 (ADC68516)

Streptomyces sp. MG250000 polyketide synthase of Streptomyces ascomycinicus 80%
IB2016P329-2 (BAH66951)

Streptomyces sp. MG250001 beta-ketoacyl synthase of Streptomyces sp. FXJ6.141 98%
IB2016P330-1 (ADC68463)

Streptomyces sp. MG250002 polyketide synthase of Streptomyces ascomycinicus 79%
IB2016P330-2 (BAH66951)

Streptomyces sp. MG250003 polyketide synthase of Streptomyces blastmyceticus 81%
IB2016P330-3 (1) (BAH67200)

Streptomyces sp. MG250004 beta-ketoacyl synthase of Streptomyces sp. FXJ7.329 69%
IB2016P330-3 (2) (ADC68516)

Streptomyces sp. MG250005 beta-ketoacyl synthase of Streptomyces sp. FXJ6.141 98%
IB2016P331-1 (ADC68463)

Pseudonocardia sp. | MG249995 polyketide synthase of Streptomyces sp. S240 (ABU25213) 99%
IB2016P333-1 (2)

Streptomyces sp. MG250006 amino acid adenylation enzyme/thioester reductase family 99%
IB2016P333-2 protein of Streptomyces sp. SM8 (EKC91163)

Streptomyces sp. MG250007 polyene macrolide polyketide synthase/candicidin polyketide | 99%
IB2016P333-3 synthase FscE of Streptomyces sp. IgraMP-1 (SCE26328)
Micromonospora sp. | MG249993 polyketide synthase of Micromonospora zamorensis 99%

IB2016P334-1

(WP_088951670)




Table S3. Relative abundance of Actinobacteria in sediments collected at three depths (50, 150, 200 m) from Lake Baikal.

Sample MS medium ISP2 medium Gauze’s medium #1
(depth, m) Total cfu/mL | Actinobacterial Total cfu/mL Actinobacterial Total cfu/mL Actinobacterial

cfu/mL (relative cfu/mL (relative cfu/mL (relative
abundance, %) abundance, %) abundance, %)

328 (50 m) 12*10° 5*%10° (4) 5.1*10° 3*10% (5.9) 25.4*10° 0 (0)

329 (50 m) 16.3*10° 1*10% (0.6) 11.7*10° 1*10% (0.8) 41.8*10° 0 (0)

330 (50 m) 14*10° 3*10% (2.1) 58.2*10° 0 (0) 12*10° 0 (0)

331 (50 m) 9.1*10° 0 (0) 44.2*%10° 0 (0) 59*10° 1*10%(0.2)

i, 51.4*10° 9*10° (1.8) 119.2*10° 4*10” (0.3) 138.2*10° 100 (0.07)

332 (150 m) 17.5*%10° 1*10° (0.6) 26.8%10° 1*10° (0.4) 30,2*10° 0(0)

333 (150 m) | 22.3*10° 1*10% (0.5) 37.9*10° 0 (0) 15.4*10° 2*10% (1.3)

s 39.8*10° 2*10” (0.5) 64.7*10° 1*10% (0.2) 45.6*10° 2*10” (0.4)

334(200m) | 6.4*10° 0(0) 30*10° 3*10% (1) 17.8*10° 0(0)

335(200m) | 9.7*10° 0(0) 19.6*10° 1*107% (0.51) 18.4*10° 0(0)

336 (200m) | 21.3*10° 0(0) 5.8%10° 1*10° (1.7) 26*10° 0(0)

B0 37.4*10° 0(0) 55.4*10° 5*10” (0.9) 62.2*10° 0(0)

%otal 128.8*10° 1.1*10° (0.9) 239.3*10° 1*10° (0.4) 246*10° 3*10° (0.1)




Table S4. Evaluation of selected putative type I PKS KS domain sequences from Lake Baikal freshwater strains using NaPDoS.
Based on comparison of KS domain sequences between the NaPDoS database and Lake Baikal strains, known metabolites most
similar to those genetically encoded by Lake Baikal strains were predicted. KS accession numbers for Lake Baikal strains are

provided in Table S3.

Lake Baikal strain from which KS domain was proposed

Pathway product from most closely related KS domain in
NaPDoS
(producing strain)

Streptomyces sp. I1B2016P328-2

Avermectin (Streptomyces avermitilis)

Streptomyces sp. 1B2016P328-3

Candicidin (Streptomyces sp. FR-008)

Streptomyces sp. 1B2016P328-4

Meridamycin (Streptomyces violaceusnige)

Streptomyces sp. I1B2016P329-2

eco-02301 (Streptomyces aizunensis)

Streptomyces sp. 1B2016P330-1

Avermectin (Streptomyces avermitilis)

Streptomyces sp. 1B2016P330-2

Avermectin (Streptomyces avermitilis)

Streptomyces sp. IB2016P330-3 (1)

Avermectin (Streptomyces avermitilis)

Streptomyces sp. IB2016P330-3 (2)

eco-02301 (Streptomyces aizunensis)

Streptomyces sp. IB2016P331-1

Avermectin (Streptomyces avermitilis)

Pseudonocardia sp. IB2016P333-1 (2)

Candicidin (Streptomyces sp. FR-008)

Streptomyces sp. I1B2016P333-2

Streptomyces sp. 1B2016P333-3

Candicidin (Streptomyces sp. FR-008)

Micromonospora sp. IB2016P334-1

Tylosin (Streptomyces fradiae)




Table S5. Bioinformatics evaluation of biosynthetic capabilities for publicly available genome sequenced strains closely related to
Lake Baikal strains. Genome sequenced strains were evaluated using antiSMASH v5.0 to predict the number and types of biosynthetic
pathways they harbor. Halogenases were predicted from these genome sequences by using SynTax bioinformatics tool to evaluate
homology between predicted open reading frames (ORFs) and model FADH,-dependent halogenases from Salinispora sp. DRTO102
(NCBI Accession #MG249985), Amycolatopsis mediterranei DSM5908 (Accession #CAA76550), and Streptomyces venezuelae 1SP-

5230 (Accession # WP_015032134).

Lake Baikal Closest relative Number of | Type | Type | NRPS | Ectoine FADH2- FADH2- FADH2-
strain(s) in NCBI database putative 1 PKS | 2 PKS dependent dependent dependent
with complete biosynthetic halogenase of | halogenase of halogenase of
genome gene clusters Salinispora sp. | Amycolatopsis Streptomyces
sequence from DRTO102 mediterranei venezuelae ISP-
(Accession # for sequenced (percent DSM5908 5230
genome strain normalized (percent (percent
sequence) Blast score) normalized normalized
BLAST score) BLAST score)
Streptomyces sp. | Streptomyces 21 4 0 8 1 +(10.31) +(10.4) -
IB2016P328-1 koyangensis
Streptomyces sp. | strain VK-A60T
IB2016P328-5 (CP031742)
Streptomyces sp.
IB2016P330-3
Streptomyces sp.
IB2016P333-2
Streptomyces sp.
IB2016P333-3
Streptomyces sp. | Streptomyces 26 3 2 3 1 +(20.71) +(22.28) +(89.59)
IB2016P328-2 hundungensis
Streptomyces sp. | strain BH38
IB2016P328-3 (CP038147)
Streptomyces sp.
IB2016P328-6
Streptomyces sp.
IB2016P328-7




Streptomyces sp. | Streptomyces sp. | 27 +(18.66) +(55.54) +(16.54)
IB2016P328-4 SAT1 (CP015849)
Micromonospora | Micromonospora | 18 0 0 0
sp. IB2016P328- | tulbaghiae strain
8, Lake Baikal CNY-010
Streptomyces sp. | Streptomyces sp. | 17 0 0 0
IB2016P329-1 CLI2509
Streptomyces sp. | (CP021118)
IB2016P330-1
Streptomyces sp. | Streptomyces 26 0 0 0
IB2016P330-2 griseus subsp.
Streptomyces sp. | griseus strain
IB2016P331-1 ATCC 13273
Streptomyces sp. | (CP032543)
IB2016P334-2
Streptomyces sp. | Streptomyces 34 0 0 0
IB2016P334-3 lydicus strain

WYEC 108

(CP029042)
Streptomyces sp. | Streptomyces 31 +(17.1) +(21.49) +(16.24)
IB2016P335-1 griseoviridis
Streptomyces sp. | strain F1-27
IB2016P336-2 (CP034687)

For Lake Baikal strains Streptomyces sp. IB2016P329-2, Pseudonocardia sp. IB2016P332-2, Pseudonocardia sp. IB2016P333-1, and
Micromonospora sp. IB2016P334-1, no completely genome sequenced strains were found among the 100 most closely related strains
in the NCBI database via BLAST.



Fig. S1. Phylogenetic tree of Actinobacteria strains isolated from Lake Baikal sediments in
the current study. The Bayesian tree of ~600 bp fragments of 16S rRNA genes supports
representatives from three orders within the phylum Actinobacteria. The sequence of E. coli
K12 was used as the outgroup.

Streptomyces sp. [B2016P328-1 from Lake Baikal

Streptomyces albidoflavus strain 8SW from rhizosphere (MK256479)
Streptomyces sp. [B2016P328-4 from Lake Baikal

Streptomyces sp. JISM 147842 from forest soil (KR817750)

Streptomyces sp. XSRh38 from rhizosphers (KP900805)

Streptomyces sp. [B2016P328-5 from Lake Baikal

Streptomyces sp. stram PYAN20-311 from marine sponge (MH311914)
Streptomyces sp. strain L97 from rhizosphere soil (MK615814)
Streptomyces sp. [B2016P328-7 from Lake Baikal

|Streptomyces sp. stram GHN1-11 from manne sponge (MH311920)
Streptomyces sp. [B2016P329-1 from Lake Baikal

Streptomyces sp. IB2016P329-2 from Lake Baikal

Streptomyces sp. stram sw278 100 from surface water (MH743912)
Streptonnyces sp. stram OS 225 from manne sediments (MH685408)
Streptomyces sp. stram L28 from desert soil (MG594619)

Streptomyces sp. IB2016P330-1 from Lake Baikal

Streptomyces sp. stram GDMCC 60254 from Banana rhizosphere soil (MK646063)
Streptomyces sp. stram MSAC-6.2 from surface of nurse bee (MK608319)
Streptomyces sp. SE11 from fire ant (LC429299)

Streptomyces sp. [B2016P330-3 from Lake Baikal

Streptomyces sp. [B2016P332-1 from Lake Baikal

Streptomyces sp. [B2016P333-2 from Lake Baikal

Streptomyces hydrogenans strain INA 01212 from soil (MK238399)
Streptomyces sp. stram BC1100 from coffee root (MK 134635)
.Strepromyces sp. [B2016P333-3 from Lake Baikal

Streptonyces sp. 161003 from sediment of iron mine (GU263860)
Streptomyces sp. strain V003 from soil (MH298059)

Streptomyces sp. IB2016P333.-1 from Lake Baikal

Smreptomyces enissocaesilis stram C47 (MK696278)

Streptomyces sp. [B2016P336-2 from Lake Baikal

Streptomyces albidofiavus strain R-53649 from bumble bee gut microbiota (LT631779)
Streptomyces lividans strain T38 from wheat shoot (KY411691)
Streptomyces rochei stram VV/R2S from thaizosphenc soil (KY978728)
Streptomyces violaceus strain VV/R26 from rhizosphenic soil (KY978729)
Strepromyces sp. [B2016P328-2 from Lake Baikal

Streptomyces sp. IB2016P328-3 from Lake Baikal

Streptomyces badius strain A14 (MK680817)

Strepromyces sp. strain Al-Dhabi-117 from manne soil (MK673538)
Streptomyces sp. strain BF9 from wheat thizosphere soil (MH633842)
Strepromyces sp. [B2016P330-2 from Lake Baikal

Streptomyces griseus strain SCSB4 from compost (MG892846)

|—4 Streptomyces sp. strain AIAC10-11 from manne sponge (MH311922)
Streptomyces sp. [B2016P331-1 from Lake Baikal

Streptomyces sp. [B2016P334-2 from Lake Baikal

Streptomyces sp. [B2016P334-3 from Lake Baikal

Streptomyces sp. strain NEAU-HRS from rhizosphere soil (MH459037)
Streptomyces decoyicus stram OL3-6S from lake sediment (MHS81423)
Strepromyces cyaneofuscarus strain VV/R28 from rhizosphenic soil (KY978731)
L Streptomyces griseus stram NBRC 12875 (\R 112314)
Micromonospora sp. [B2016P328-8 from Lake Baikal
Aicromonospora sp. strain L100 from rhizosphere soil (MK613817)

Micromonospora endolithica stramn WASS from aged landfill leachate (KX354312)
Micromonospora sp. [B2016P334-1 from Lake Baikal
Micromonospora chokoriensis stran B032 from sediment (KY858240)
Micromonospora sp. TM-32 from soil (TN545844)

zeudonocardia sp. [B2016P332-2 from Lake Baikal
Pseudonocardia sp. stramn swi89 54 from surface water (MH743866)
Pseudonocardia carboxydivorans strain RL2 from marine sediment (KT214477)

d ‘dia sp. [B2016P333-1 from Lake Baikal

Pseudonocardia profundimaris strain GY0356 from marine sediment (NR 156947)
Psendonocardia yuarmonenzis strain YIM 75926, soil (NR 109503)
Escherichia coli (J01859)




