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General Experimental Procedures.
The optical rotations were recorded on a Jasco P2000 polarimeter. UV spectrophotometric data was
acquired on a Shimadzu PharmaSpec UV-visible spectrophotometer. NMR data were collected on a
JEOL ECA-600 spectrometer operating at 600.17 MHz for *H and 150.9 MHz for $3C. 'H NMR chemical
shifts (referenced to residual CD3;OD at ¢ 3.30) were assigned using a combination of data from 2D DQF
COSY and multiplicity-edited HSQC experiments. The edited-HSQC experiment was optimized for Jcn
= 140 Hz and the HMBC experiment was optimized for #3Jcy = 8 Hz. **C NMR chemical shifts
(referenced to CDsCN observed at ¢118.2 and CDsOD at 6 49.0) were assigned on the basis of
multiplicity-edited HSQC experiments. The LC-MS data were obtained on LC electrospray ionization
MS system with a LTQ Advantage Max spectrometer (Thermo Finnigan, Waltham, MA, USA). The
HRMS data was obtained using an Agilent 6210 LC-TOF mass spectrometer equipped with an APCI/ESI

multimode ion source detector at the Mass Spectrometer Facility at the University of California,
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Riverside, California. Varian BondElut octadecyl (Cis) were used for column chromatography. All

solvents used were of HPLC grade (Fisher Scientific).
Collection, Extraction, and Isolation The cyanobacterial mats from the black-band disease zones
from several samples of coral species of Siderastrea siderea growing near South Water Cay,
Belize were collected on July, 2014 and bulked for this study. This collection was freeze dried to
give a dry weight of 1.96 g. This dry material was extracted repeatedly with MeOH.
Concentration of the combined extracts by rotary evaporation at 45 °C under reduced pressure
gave 173 mg of the MeOH soluble fraction. The LRESI MS analysis of the MeOH extract as
shown in Figure S1 indicated the presence of naturally occurring unstable looekeyolide C (m/z =
720) and traces of the relatively stable oxidized product looekeyolide D (m/z = 736). The MeOH
extract (0.173 g) was chromatographed on a column of Cis (3 g) using MeOH-H20 step gradient
system to give five sub-fractions. The LRESI MS analysis of the fraction 3, as shown in Figure
S4, indicated the presence of less naturally occurring unstable looekeyolide C (m/z = 720) and
more of its relatively stable oxidized product looekeyolide D (m/z = 736) indicating the oxidation
during the chromatography procedure. The sub-fraction 3 (0.002 g), eluted with MeOH-%02
H20 was further separated by reversed-phase HPLC (semi-prep 250 x 10 mm, 5 zm, RP-18, flow 3.0
mL/min) using MeOH-%02 H:0 to give 0.6 mg of looekeyolide D (tr= 10.3 min, yield, 0.03% dry
wt). Looekeyolide C was not isolated and assumed to be oxidized during the HPLC separation.

A second batch of cyanobacterial mat from the black-band disease zones of Siderestrea
growing in Curlew Cay, Belize was collected on August 6, 2018. The freeze-dried material 0.482
g was extracted with EtOAc—%05 MeOH saturated with helium gas. Concentration of the extract

as above furnished 0.029 g of EtOAc-MeOH soluble fraction. The LRESI MS analysis of

Meyer et al., Cryptic diversity of Black Band Disease cyanobacteria in Siderastrea siderea corals revealed by
chemical ecology and comparative genome-resolved metagenomics



the EtOAc—MeOH soluble fraction as shown in Figure S2 indicated the presence of relatively
equal amounts of naturally occurring unstable looekeyolide C (m/z = 720) and its relatively
stable oxidized product looekeyolide D (m/z = 736). Reversed-phase Cis column
chromatography of the extract followed by reversed-phase HPLC under the same conditions

gave 0.3 mg of looekeyolide D (tr = 10.3 min, yield, 0.06% dry wt). The unstable looekeyolide C

oxidized to looekeyolide D during the separation procedures.

16

H OH
O\19
Looekeyolide A (1), R = S-CH; Ry = CH(CHj3),
Looekeyolide B (2), R = S(O)-CH3 Ry = CH(CHj3),
Looekeyolide C (3), R = S-CH; Ry =Ph
Looekeyolide D (4), R = S(0)-CH3 Ry =Ph

Gunasekera SP, Meyer JL, Ding Y, Abboud KA, Luo D, Cambell JE, Angerhofer A, Goodsell JL, Raymundo LJ,
Lui J, Ye T, Luesch H, Teplitski M, Paul VJ. Chemical and metagenomic studies of the lethal black band

disease of corals reveal two broadly distributed, redox-sensitive mixed polyketide/peptide macrocycles. J.

Nat. Prod. 2019; 82: 111-121.
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Figure S1: LRLC-MS

of 2014 Belize collecti

data showing the presence of looekeyolides C and D in the MeOH extract

on.
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Figure S2: LRLC-MS data showing the presence of looekeyolides C and D in the EtOAc-MeOH

(2:1) extract of 2018 Belize ¢

ollection.
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Figure S3: LRLC-MS data showing the presence of looekeyolides C and D in the EtOAc-MeOH

(1:1) extract of 2018 Fort Lauderdale, Florida collection.
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Figure S4: LRLC-MS data showing the presence of looekeyolides C and D in fraction 3 of the

2014 Belize collection.
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Figure S5: *H NMR (600 MHz, CD30D) spectrum of looekeyolide D (4)
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Figure S6: *C NMR (151 MHz, CDsOD) spectrum of looekeyolide D (4)

DET = uony 3ad spaed @

elad
(81910902690
Wl 009) [118269€960°¥T

uTRWOP X
uotleInp boe ¥
y3buezys pretd

- - -
eCE 22 L m. G486 BEE 43 2 2 232 m mwm w
[oPlEz = 306 dwey u..."mm._n WM.._ S22 ¢ %8z &2 W.. m H...mm = =
(5191090269 Z = ®wr3 uor3r3iedey ﬁhﬂ unﬂ m m”mﬂ.m% WMH %m._... & = N W &9% wu
[slz = AwTep uorjExerey
09 = uteb zasey
(slg = suTy @oN |
AMEL = ®ON . (. . . . . . . . . - . . . . .
IslT = aresreparur 001 00T 00g ooy 00s 009 0oL o8 006 00T 001T  00TI k:;.- 00rT - 07081 0091 0°0LT
ANEL = Buttdnooeg ONTETY I i i ) _ 7 NPT e THl ' . "
ZITEM = sstou z3T , | |
[gaplez = POU uUjR IIT | i _ 7 1
[aploz = o8p u3e 111
[sn]lg v = estnd X f
[aplz = uje”x |
[5ep] o¢ = otbuex _ _
[s191090269°0 = swty boe X
[snlL pT = YIPTM 06 X
00008 = sueos T30l
00008 = sueog _
1= uIn3lax PoW
FSTYI = peddr1o
[wdd]g = jesyzo axI
[ZEW] 9¥0EZLT 009 = baxz~azr
HI = UTBWOp I3IT
[zux]SBY8PBYPE LY = deams x
[ZH]E0T96PPYP T = uoTIN[OSeI X
v = sueosead ¥
BILEZE = sauged X
[wdd] g0t = jeszzo X
[ZHH] 6£0E¥ETE 0ST = baxz~x

aIv-009¥DE = I938WOI30eds

009 ¥OZ = 2318

X = suoTsuawTq

[wdd] = s3tun wrg

OET = 21313 wra

¥IZ9Z = °zTs wrg

TYad a1 = Jewroy” wleq

eTdnooep esTnd etbuts = JUBULCD

YZ:E€Z:0T 0Z0Z-90¥-TT
9€£:22:0T 0202-9nY-T11
T¥:ZS:¥0 STOZ-¥HAY-0Z

sWTI JuUSIIND
euTy} UCTSTASY
|wTy uUoTIESI)

EQ—TONVHLEW = IUBATOS

€-01bsg = Py erdues

osp esind arbuts = JuswtIadxy
URTUOSYITWS = Toyany

“esnd erbuts-g-qrbss = suRuUSTTd

yjoows ! g ! SUON : 3IDBITOD BSEq
wdd

eseydesutyoew

ENEL ¢ ENEL ¢ T - 3FF

T ! TIT30a=ez

[s]oot : [%]og : [%lo : gprozedexy
[slo'o : [zH]0'Z : dxos

dsTvd ¢ 0 : ®oueleq op

==== SHELIWYYYd ONISSEDOHMd ----

10309

@ aprofayoo]

10

(syipuesnoyy)

or

(] oL 09 s or e 0T

06
Meyer et al., Cryptic diversity of Black Band Disease cyanobacteria in Siderastrea siderea corals revealed by

chemical ecology and comparative genome-resolved metagenomics



Figure S7: DQF-COSY NMR (600 MHz, CD30D) spectrum of looekeyolide D (4)

[w/zw] 09 = dure” [ pean
[sw]T = 1 pexn

FSTYI = aesaad ajueqg

330 = epow 13

F30 = pow 3II
[swlzLges 19 = suty bow %
[sn]g L = sstnd ¥
[aple = u3e ¥

[s]lvvLESVZ O esury boe x

¥Zo1 = suess”Te30

v = sueos

= urInjax poW

aASTYI = paddrd

[wdd]g = 385330 TIL
[ZHA]9¥0E£ZLT 009 = baxz 1ag
HT = UuTBRWOP TIL

[wdd]g = 3@83F0 IIT

[ZHW] 9¥0EZLT 009 = beay aax
HI = uTRWOP IIT

[zEX] TSOE6SST ¥ = deams™
[zE] LSEOTPEZ 9T = uoTINTOS®I X
0= sueosaad x

96z = s3utod X

[wdd]gpEv0 P = 3es330 %
[ZEHW]9¥0EZLT 009 = bexz"z
HI = uTeWop %

[ZHY] L6¥PPESET'S = deens x
[zH]9z£98850" b = UOTINTOSBI X

v = suessead x

08ZT = nnc.nOQHx

[wdd] gpEv0" b = jes330° %
[ZEW] 9¥0EZLT 009 = baixz x
HET = uTRWOP X

[s]vvLESPZ O = uoT3RINp bow X

W] 009) [118269€960°¥T = Y3Ibuaa3s PIaTd
aIv-009¥OE = Iejewoxloads

009 ¥OF = ®318

EX= SuUCTSUBWTQ

[wdd] [wdd] = s3Tun wrg

HT HI = 21373 wWid

YZOT ‘PZOT = °zTs wWIg

TVEY TYEd 4z = Jewroy” wleq
Tea e3nTosqe justpeab = Jusuwo

BYET-ET TZOZ-NYC-ZT
8¥:ZIET TZ0Z-NYL-ZZ
Tv:0Z:ST ST0Z-Hdd-6

sWTI JuUSIIND
euTy} UCTSTASY
euT3 ucytleaid

EQ—TONVHLEW = IUBATOS
POEPo-£-01Bsg = P ordwes
Zxe'Byd Aseo 3bp = Juswtradxy
UBTUOSYITWS = Toyany

so00” 3bp-pogpo-£-01bss = suRuUSTTd
[esodsuex3]

vz : Asocn : ezrajeumis
T ¢ [slz : yseays

sqe

wdd

H0EL ¢ HDEL ¢ T 3FF

o3ne [TequUTs

v : TITFoTeZ

[esodsuea3y]

wdd

FNYL ¢ E0EI (T IFF

o3ne [TeqUTS

==== SHELIWVIYd ONISSIDOHMd ----

o

Ruepunqge

o

103r9

0T

0T
-
a
bl
1
e N

e

HI : uogpy sad sped @ X

oy s 9 L

( dprjokaya00]

oL

9

oS

oy

e

0T

0T

o

o

HI = uoyp 2od sped @ x

aduepunqe

Meyer et al., Cryptic diversity of Black Band Disease cyanobacteria in Siderastrea siderea corals revealed by

chemical ecology and comparative genome-resolved metagenomics

11



Figure S8: HSQC NMR (600 MHz, CD30D) spectrum of looekeyolide D (4)
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Figure S9: HMBC NMR (600 MHz, CD30D) spectrum of looekeyolide D (4)
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Figure S10: 2D-NOESY NMR (600 MHz, CD30D) spectrum of looekeyolide D (4)
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Table S1. Metadata and sequencing read metrics for V6 amplicon libraries from Black
Band Disease cyanobacterial mats from Siderastrea siderea corals in Belize

SRA accession

SAMN15502381

SAMN15502382

SAMN15502383

SAMN15502384

SAMN15502385

SAMN15502386

SAMN15502387

SAMN15502388

SAMN15502389

SAMN15502390

SAMN15502391

SAMN15502392

SAMN15502393

SAMN15502394

Sample

SID1

SID1r

SID2

SID2r

SID3

SID3r

SID8m

SID8mr

SIDa

SIDar

SIDE

SIDEr

SIDH

SIDHr

Fraction

DNA

RNA

DNA

RNA

DNA

RNA

DNA

RNA

DNA

RNA

DNA

RNA

DNA

RNA

Coral

8m

8m

Metagenome
Pool

n/a

n/a

n/a

n/a

n/a

n/a

n/a

Looekeyolide

C/D

nonproducer

nonproducer

nonproducer

nonproducer

nonproducer

nonproducer

nonproducer

nonproducer

nonproducer

nonproducer

nonproducer

nonproducer

producer

producer

Raw
reads

119,322

299,249

80,827

206,090

63,264

222,750

26,671

196,599

49,036

49,329

35,035

206,638

75,558

249,500

Quality-filtered
reads

56,442

295,333

71,330

191,909

41,382

210,397

15,743

144,306

31,063

34,400

16,018

82,614

46,112

119,415

Meyer et al., Cryptic diversity of Black Band Disease cyanobacteria in Siderastrea siderea corals revealed by

chemical ecology and comparative genome-resolved metagenomics

15



SAMN15502395

SAMN15502396

SAMN15502397

SAMN15502398

SAMN15502399

SAMN15502400

SIDI

SIDIr

SIDL

SIDLr

SIDO

SIDOr

DNA

RNA

DNA

RNA

DNA

RNA

n/a

n/a

n/a

producer

producer

producer

producer

producer

producer

84,467

218,805

9,373

190,547

81,095

226,302

44,376

71,634

2,973

91,907

58,461

189,228
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Table S2. Metadata and sequencing read metrics for metagenomic libraries from Black
Band Disease cyanobacterial mats from Siderastrea siderea corals in Belize and Florida

SRA Accession

SAMN15583061

SAMN15583062

SAMN15583063

SAMN15583059

SAMN15583058

SAMN15583060

Metagenome
Name

SID1

SID2

SID3

SBFL

SBC

SBLK

Quality-filtered
read pairs

33,319,838

26,242,408

23,721,563

14,889,967

32,151,862

13,355,562

Cyanobacterial MAGs

Roseofilum sp. SID1.26

Roseofilum sp. SID2.16,
Geitlerinema sp. SID2.20

Roseofilum sp. SID3.16

Roseofilum sp. SBFL6

Geitlerinema sp. SBC9

Spirulinaceae bacterium
SBLK1

Collection site and date

Carrie Bow Cay, Belize,
Sept 2015

Carrie Bow Cay, Belize,
Sept 2015

Carrie Bow Cay, Belize,
Sept 2015

offshore reef near Ft.
Lauderdale, FL, USA, July
2018

enrichment culture of
cyanobacterial mat from
offshore reef near Ft.
Lauderdale, FL, USA, July
2018

Looe Key reef, Florida Keys
National Marine Sanctuary,
FL, USA, July 2017
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Table A3. Quality metrics of metagenome-assembled genomes (MAGS) of A) non-
Roseofilum cyanobacteria from Siderastrea siderea, B) Roseofilum from Siderastrea siderea,
and C) previously published Roseofilum strains

A) non-Roseofilum cyanobacteria from Siderastrea siderea

GenBank Accession MAG Completeness Contamination Quality
JAGHZO0000000000 Geitlerinema sp. SBC9 94.6% 4.5% High
JAGHZP000000000 Geitlerinema sp. SID2.20  99.1% 4.7% High

Spirulinaceae bacterium
JAGHZQO000000000 SBLK1 94.6% 5.4% High

B) Roseofilum cyanobacteria from Siderastrea siderea

GenBank Accession MAG Completeness Contamination Quality
JAGHZHO000000000 Roseofilum sp. SBFL6 91.9% 4.5% High
JAGHZ1000000000 Roseofilum sp. SID1.26 92.5% 4.7% High
JAGHZJ000000000  Roseofilum sp. SID2.16 94.3% 3.8% High
JAGHZKO000000000 Roseofilum sp. SID3.16 93.4% 3.8% High

C) Roseofilum cyanobacteria from other coral species

GenBank Accession  MAG Completeness Contamination Quality
JAGHZL000000000  Roseofilum sp. BLZ4 92.8% 4.5% High
JAGHZMO000000000 Roseofilum sp. BLZD 91.0% 4.5% High
JAGHZNO000000000 Roseofilum sp. Guam 93.7% 4.5% High
MLAWO00000000 Roseofilum sp. AO1 94.6% 5.4% High
N/A Roseofilum sp. Cya2 94.6% 5.4% High

Meyer et al., Cryptic diversity of Black Band Disease cyanobacteria in Siderastrea siderea corals revealed by
chemical ecology and comparative genome-resolved metagenomics
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Table S4. A) Pairwise Average Nucleotide Identity (ANI) of shared genes among
cyanobacterial MAGs from Black Band Disease on Siderastrea siderea corals. Values of
75% or below are too close to the detection limit for confident assessments. Values above this
threshold are highlighted in green.

SBC9 SBFL6 SBLK1 SID1.26 SID2.16 SID2.20 SID3.16

SBC9

SBFL6 73.04*

SBLK1 72.75* 74.92*

SID1.26 73.00* 99.87 75.00*

SID2.16 72.79* 99.86 75.24* 99.88

SID2.20 99.77 72.95* 72.69* 72.89* 72.99*

SID3.16  72.67* [99.87  |75.01* [99.92  [99.96  [72.77*

* too close to detection limit to be reliable

Table S4. B) Pairwise Average Nucleotide Identity (ANI) of shared genes among
Roseofilum MAGs from Black Band Disease on multiple coral species

SBFL6 SID1.26 SID2.16 SID3.16 BLZ4 BLZD Guam AOl1 Cya?

SBFL6 |

SID1.26 99.87

SID2.16 99.86 99.88

SID3.16 99.87  99.92 99.96

BLZ4 98.22 9824 9826  98.25

BLZD 98.23 9825 9826  98.26 99.78

Guam 94.64 94.63 9461  94.65 94.68 94.62

AO1 9452 9455 9453 9457 9457 9452 98.09

Cya2 94.47  94.25 9451 9455 9459 946 9756 97.38

Meyer et al., Cryptic diversity of Black Band Disease cyanobacteria in Siderastrea siderea corals revealed by
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Table S5. Specificity codes for adenylation (A) domains of two NRPSs for the biosynthesis
of Lk-A/B and Lk-C/D.

A Domain 235 236 239 278 299 301 322 330 331 517 Specificity

LkIG_A G L F W I G A S G K 2-ketoacid
LKIG_A" G L F W I G A S G K 2-ketoacid
LkIl_A D A W F L G N vV VvV K L-Leucine
LkF). A D A W T I A A V C K L-Phenylalanine
GrsA? D A W T I A A | C K L-Phenylalanine

* LKIG-A from the gene cluster from Lk-C; # GrsA: gramicidin S synthase 1.

AF)  TILGILEAGGA VPLIPA PQ LEIﬁFN SEVSVLLIQI%LLAQL
A(L) ITLAILEAGGAXVPLDPNYPAERL S¥MIADANVPVLVET@DGLEKL
A(F) PQH AKVVFLKFAIAIPETVNSKVSPQ LS VI-G.G
A(L) PEP@AQVVCL WEAIATQETKNLINQSRPENLAYVI GSTG
AF) KPERGVEVEHKGLFNEVKAQIQAFBVNENSRVVEBFAsTsFDAS 1
AL) RPEGVLITHSGVLNLIFWHQINFQITSLDKSTOLAGIAFDASYV
A(F) IVMALGSGAGLIMGSRDTLMPGLGLSQWLQEIKIIHITIPPSALA
L HI

A(L) EWPYEBTAGSTV AETNMIFDLEKFQNWLLL ITFVPTQLAE

A(F) AMPKDELPS - - -LKTIIVAGEACPPELISQWSVGRQFVNANGP S
A(L) KLLTLDWRNNICLRIILTGGDRLS - -KYPESDIPFKLI GPT

A(F) S VCAIMAECSPACP---VPPIGRPI QI ILIRNLI;VPIGR
AL) NEVVTESLLVISEMQTLVLPPIGKPI INILDCHLONVPIGV

A(F) PGIIII SGI GLAIGIL.EDLINQRF I SIP FIL SKPPTEK
A(L) PGEL¥VGGDGLARGYLNRPELTAEKFINNPFDSGNQT- - -
Figure S11. Alignment of A domains of Lkll and LklI(F) by ClustalW?. These two domains

showed 46% amino acid identities, significantly lower than other domains of LKklIl and LKII(F).
The alignment figure was created using Jalview?.

ICluster W: Nucleic Acids Res. 1994 Nov 11; 22(22): 4673-4680.

2Jalview: Waterhouse, A.M., Procter, J.B., Martin, D.M.A, Clamp, M. and Barton, G. J. (2009)
"Jalview Version 2 - a multiple sequence alignment editor and analysis workbench"”
Bioinformatics25 (9) 1189-1191 doi: 10.1093/bioinformatics/btp033
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I(F)

Figure S12. Comparison of gene similarities in the biosynthetic gene clusters for
looekeyolide A/B and looekeyolide C/D. The two clusters for the biosynthesis of Lk-A/B (top)
and Lk-C/D (bottom) show at least 97% amino acid identities, except the last NRPS. LKll shares
a 92% amino acid identity with LKII (F) and the identity deviation originates from the low
identity (46%) of their A domains.
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Figure S13. Biosynthetic gene clusters for malyngamides in Roseofilum MAGs. Biosynthetic
gene clusters were annotated as malyngamide C acetate and malyngamide | by antiSMASH v
6.0. MAG names are colored by whole-genome clustering (as in Figures 2 and 3) where
Caribbean Roseofilum from Siderastrea corals are dark blue, Caribbean Roseofilum from other
coral species are light blue, and Pacific Roseofilum are dark grey.
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