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General Experimental Procedures

Kanamycin sulfate (50 ng/mL), chloramphenicol (25 ng/mL), 5-bromo-4-chlo-
ro-3-indolyl-b-D-galactopyranoside (XGal, 30ng/ml) and Isopropyl b-D-1-thiogalacto-
pyranoside (IPTG, 150 nM) were purchased from Fisher Scientific and used at the
final concentrations listed. LB media and pET28b DNA were purchased from EMD
chemicals (Gibbstown, NJ). Escherichia coli strains DH5a and BL21 (DE3) were
purchased from Invitrogen (Carlsbad, CA). Plasmids were isolated from E. coli using
the High pure plasmid isolation kit from Roche Applied Science (Indianapolis, IN).
The QIAquick PCR purification kit, the ProofStart PCR kit and the pDrive cloning vec-
tor were purchased from Qiagen (Valencia, CA). Ndel, Xhol and pACYC DNA were
purchased from New England Biolabs (Ipswich, MA). Sall and Mlul were purchased
from Promega (Madison, WI). Notl, Klenow fragment and T4 DNA ligase were pur-
chased from Fermentas (Glen Burnie, MD). The iProof PCR kit was purchased from
BioRad (Hercules, CA). Sequencing was done at the Greenwood Molecular Biology

Facility (Honolulu, HI) using ABI Prism BigDye Terminator reactions.

Culture of Planktothrix agardhii CYA 126/8 wildtype. For mass culture the cyano-
bacterium was grown in 20L carboys containing 20L of Z+G medium adjusted to pH
7.0 before autoclaving. Irradiation used a 24h light cycle from cool white fluorescent
tubes, 15 pE/m? s, Cultures were harvested between 20 and 30 days post inocu

lation.

Culture of Planktothrix agardhii CYA 126/8 (DMV)-mutant. The culture was grown
in 250 mL Erlenmeyer flasks containing 100 mL Z+G medium augmented with
1 ng/mL chloramphenicol. Wildtype material was produced on the same scale in a

parallel fermentation under exactly the same conditions.

Analysis of (DMV)-mutant for microviridin K production. Cell mass was collected
on a glass microfiber filter (Whatman International, Maidstone, England) and subse-
guently lyophilized overnight. The dried cell mass was extracted three times with 50%
ag MeOH (6 mL) by sonication for 15 minutes in Branson 1510 Ultrasonic cleaner
(Branson Ultrasonics, Danbury, CT) followed by shaking at 220 rpm at room temper-
ature for 15 min. The cell mass was then pelleted by centrifugation and the cleared
extract had the methanol removed under reduced pressure. The remaining water was
removed by lyophilization. The crude extract was resuspended in 25% aq MeOH
(1 mL) and applied to 2 g of YMC Gel ODS-A (120A, 70 mesh. YMC Inc., Wilmington,



NC) preconditioned with MeOH and then equilibrated in 25% aq MeOH. The column
was washed with 15 mL 25% agq MeOH and then eluted with 15 mL 80% aq MeOH,
followed by 22 mL 100% MeOH into pre-tared vials. The fractions were evaporated to
dryness under reduced pressure. The 80% fraction was dissolved in 50% agq MeOH
at a concentration of 1 mg/mL and 5 L was injected onto the LC-TOFMSD contain
ing an Eclipse XDB-C18 column (4.6 x 150 mm, 5 um, Agilent Technologies), pre-
equilibrated with 90% H,O: 10% ACN + 0.1% (v/v) formic acid. A linear gradient was
employed ending in 20% H,O: 80% ACN + 0.1% (v/v) formic acid over 40 min at a
flow rate of 0.7 ml/min. The TIC was recorded in positive ESI mode with the following
conditions: 350 °C drying gas temperature, 10 L/min drying gas, 40 psig nebulizer
gas, fragmenter 225V, skimmer 60V, OctRFV 250V, capillary 3000V. The spectra
were analyzed with the Analyst QS software v1.1 (Applied Biosystems).

Isolation of microviridin K (1). Freeze-dried cells were extracted in 50% ag MeOH
(15 mL) by sonication for 15 min followed by shaking at RT for 15 min. The extraction
was repeated three times and the extracts were combined. The methanol was re-
moved under reduced pressure and the extract dried by lyophilization (extract mass:
270 mg). The dried extract was redissolved in 30% aq MeOH (10 mL) and loaded
onto 6 g of YMC Gel ODS-A (120A, 70 mesh) that had been washed with MeOH and
preconditioned with 30% aq MeOH. The column was then washed with 30% aq
MeOH (36 mL), followed by 50% aq MeOH (40 mL), 70% aq MeOH (40 mL) and
100% MeOH (125 mL). The fractions were concentrated to dryness and redissolved
in 50% ag MeOH at a concentration of 10 mg/ml. The 50% fraction was purified by
HPLC using a LUNA-C18 column (10 m 10 x 250mm, Phenomenex, Torrence, CA)
at a flow rate of 3 mL/min with a gradient of 30% ACN in water (0.05% TFA) for 10
min increasing to 50% ACN within 15 min and held there for 5 min. Elution was moni-
tored at 240 nm. Microviridin K eluted at 12.3 min, while the sulfoxide of microviridin
K eluted at 8.5 min. Microviridin K (5.3 mg, 0.2% w/w dry mass) and the sulfoxide

(2.3 mg, 0.05% w/w dry mass) were obtained as a white solids.

Microviridin K (1). [M+H]": obs. 1770.7060, calc. 1770.7111, D 2.8 ppm error [a]p®
+3.0, ¢ = 0. 1, MeOH.

Microviridin K sulfoxide. [M+H]": obs. 1786.6946, calc. 1786.7060, D 6.4 ppm error
[a]o® +20.6, c = 0.044, MeOH.



N apun*r.lgena CCY 9414 (mvdE homoleg: N8414_22578)

il ¥ )

M. marina ATCC 23134 (mvdE homaleg: M23134_04989, M23134_04980)

1582 N, D T 0 [
s ca#uiosum ‘So ce 56' (mvdE homolog: Sce?'I'M}
' -] N < PETEN s |f [ns N >
N. punctiforme PCC 73102 (mvdE homolog: Mpun02001922)
-nmﬁm- R L G i}“('n&éﬁ*! BT
A, variabilis ATCC 28413 (mvdE homolog: found between Ava_ 1617 and Ava_1618)

Liais > [Hiis> i) IR ) B - >y - >
MNastoe sp. PCC 7120 (mvdE homaolog: allifl13)

D<o | G oo | R [0 Gosl [ )

M. asruginosa NIES-843 (mvdE homolog: MAE_24110)

[ G oo |44
M a&mgmusa PCC 78086 (mvdE homolog: IPF_3129)
o D L) D HEETEED D D . I/ (D ED D

1008

24030

Legend:
D MvdE homolog I:I MvdC homolog l ABC transporters |:| Secretion protein D GUN4-like protein
+ protease homologMDR
[] Acetyltransferase . MvdD homolog l ABC transporters D Primary metabolism l Secondary metabolite
ZEnes
Transposase Regulator protein | | Hypothetical‘inknown [ Known conserved y
I D [I protein l proteins Omirted sequence

ﬁgure 5-1. Graphical representation of putative mvd biosynthetic clusters in publicly accessible databases obtained
fram the NCEBI website by BLAST hamology te MvdD. Block arrows represent ORFs. Genes not drawn to scale. Gene
prefixes are as follows: N. spumigena, N9414_ X000 M. marina, M23134_000KK; S cellulasum, SceX(XXX; I
punctiforme, NpunQ20030G000 A, varmabilis, AvalOO0]d Mostoe sp. PCC 7120, alOXX (franscribed to the left) or
alrxX X (transcribed to the right);, M. seruginesa NIES-843, MAE_XXXXX, M. aeruginosa PCC 7808, IPF_KxXXX,
where XXXX is the number seen in the above diagram.



Table S1. Masses of known microviridins.

Microviridin

Monoisotopic mass

Microviridin A
Microviridin B
Microviridin C
Microviridin D
Microviridin E
Microviridin F
Microviridin G
Microviridin H
Microviridin |

Microviridin J

1728.7096
1722.7566
1738.7879
1801.7294
1664.7035
1682.7141
1805.7937
1837.8199
1764.7672
1683.7682

Table S2. NMR data for Microviridin in CD30OH.

Unit C/H & 2in Hz) (0} key HMBC correlations key ROESY
No. correlations
Tyr(1) 1 174.4 | Tyr(1) H2, H3a, 3b
2 4.55, brdd (8.4, 5.1) 55.32
3a 3.11, dd (14.1, 4.4) 37.5
3b 2.97,dd (14.1, 8.4)
4 128.97 | Tyr(1) 3a, 3b
5/9 7.07, d (8.6) 1315 Tyr(1) 3a, 3b
6/8 6.70, d (8.6) 116.3
7 157.1
NH 7.74, brs
Glu(1) 1 173.59 | Tyr(1) H2, NH
2 4.16, ddd (11.6, 7.9, 3.2) 54.3 Tyr(1) NH
3a 2.08, m 28.5
3b 1.93, m
4a 241, m 33.3 Lys 6-NH
4b 2.04, m Lys 6-NH
5 174.73 | Lys 6-NH
NH 7.36, brd (7.9)
Glu(2) 1 172.99 | Glu(1) NH
2 414, m 55.34 Glu(1) NH
3a 2.02, m 26.1
3b 1.58, m
4a 2.09, m 30.9
4b 1.01, m
5 173.2 Ser H-3a
NH 6.75, brd (8.1)
Trp 1 1745 Trp H-2, H-3b
2 4.66, brdd (5.2, 5.2) 56.2 Glu(2) NH
3a 3.46, dd (14.9, 5.2) 26.6
3b 3.29, dd (14.9, 5.2)
1 7.28, s 125.0 Trp 3a, 3b Trp 8-NH




Unit CH & 2in Hz) (0'g key HMBC correlations key
No. ROESY
correlations
2’ 110.2 Trp 3a, 3b, 8'-NH
3 128.90 | Trp 3a, 3b, 8'-NH
4 7.55, brd (7.6) 119.1
5 7.10, m 120.6
6’ 7.14, m 123.1
7 7.32,d(7.9) 113.1
8’ 138.2 Trp 8'-NH
2-NH | 7.08, brs
8'-NH | 10.55, s
Asp 1 174.6 Asp H-2, Trp 2-NH
2 4.27, brd (11.6) 54.5 Trp 2-NH
3a 2.95, dd (18.4, 11.6) 34.9
3b 2.77,d (18.4)
4 171.6 Asp H-2, H-3a, 3b, Thr H-3
NH 9.19, brs
Ser 1 172.95 | Ser H-2
2 4.48, brdd (2.6, 1.5) 55.0 Asp NH
3a 4.90, dd (11.9, 2.6) 63.0
3b 3.57, brd (11.9)
NH 6.76, brs
Pro 1 172.7
2 3.50, m 62.3
3a 1.62, m 31.8
3b 1.50, m
4a 1.61, m 23.2
4b 1.49, m
5a 3.38, m 47.7
5b 3.27, m
Tyr(2) 1 174.0 | Tyr(2) H3a, 3b
2 4.40, ddd (10.8, 6.8, 5.7) 54.1 Pro H-2
3a 2.89, m 39.0
3b 2.85 m
4 127.8 Tyr(2) 3a, 3b
5/9 7.01, d (8.5) 131.5 Tyr(2) 3a, 3b
6/8 6.72, d (8.5) 116.5
7 157.8
NH 8.32,d (6.8)
Lys 1 172.4 Lys H-2, Tyr(2) NH
2 411, m 55.41 Tyr(2) NH
3a 1.75, m 32.3
3b 1.59, m
4a 1.38, m 23.6
ba 1.59, m 29.6
5b 1.38, m
6a 3.17, m 39.6
6b 3.12, m
2-NH | 7.34,d (7.0)
6-NH | 7.29, m
Met 1 172.8 Met H-2, Lys 2-NH
2 4.61, ddd (9.5, 9.0, 4.4) 53.1 Lys 2-NH
3a 2.26, m 31.8
3b 1.79, m
4a 2.52, ddd (13.3, 7.8, 5.2) 31.1 Met S-Me




Unit C/H &2 in Hz) (0} key HMBC correlations key ROESY
No. correlations
4b 241, m
S-Me | 2.06, s
NH 8.84, d (9.0) 15.4
Thr 1 172.6 Thr H-2, Met NH
2 457, dd (8.7, 1.2) 57.5 Met NH
3 5.47, qd (6.6, 1.2) 72.8
4 1.34, d (6.6) 18.4
NH 8.04, d (8.7)
Asn 1 173.64 | Asn H-2,H-3a, 3b, Thr H
2, NH
2 4,91, ddd (7.6, 6.9, 6.2) 51.4 Thr NH
3a 2.84, dd (15.6, 6.2) 37.6
3b 2.74, dd (15.6, 6.9)
4 175.1 Asn H-2,H-3a, 3b
2-NH | 8.23,d (7.6)
4-NH, | 7.64, s
6.94, s
Gly 1 171.8 Gly H-2a, 2b, Asn H2, NH
2a 3.97, dd (16.9, 6.1) 43.6 Asn NH
2b 3.83, dd (16.9, 5.4) Asn NH
NH 8.40, dd (6.1, 5.4)
Tyr(3) 1 174.7 Tyr(3) H-2, H-3a, 3b, Gly H-
2a, 2b, NH
2 4.44,ddd (9.0,6.6,5.9) | 57.3 Gly H2
3a 3.08, dd (14.1, 5.9) 37.5
3b 2.85,dd (14.1, 9.0)
4 129.03 | Tyr(3) 3a, 3b
5/9 7.05, d (8.6) 131.2 Tyr(3) 3a, 3b
6/8 6.71, d (8.6) 116.3
7 157.2
Ac NH 8.21, d (6.6)
1 174.0 Ac H-2, Tyr(3) H-2, NH
2 1.94, s 22.5 Tyr(3) NH
1 10 20 30 40 L] B0 70 80 90 100
HwdE IHSKNVKVSHPKHVPFFHRFLHEQH----VEHNNSNSH--PYGNTHKYPSDHEEY !
HedF  HSKNIKYSTGSAYPFFARFLSEQD=----TETGDSTSTDIPTIMTFKHPSDHEDS
H9414_22578 HTTATLANIEAYPFFARFLAREEPPETPAPOPEEOPLPPPIFTLKHPSDHEDC
IPF_3129 HTHHYPHSEQSKAIPFFARFLSADAD-EAPTPDSPPDSEPAPYHTHKHPSDHEDS
Hae24110 HAYPHDOOGKALPFFARFLSYSKE=---ESSIKSPSPEPTYGGTFKYPSDHEDY
HdnA_HIES298 HAYPHDOOGKALPFFARFLSYSKE=---ESSIKSPSPEPTFGTTLKYPSDHEEY
HdnA_HRC HAYPHDOOGKALPFFARFLSYSKE=---ESSIKSPSPDHEI-STRKYPSDHEEH
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Figure S2. Alignments of MvdE and MvdF.
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RGADAFGRAYASATGYF SHFILTPLFIA-DK-IDFGETHAVSFACFHF SHSLGEL TRAFGRSGRF S5 YVKRLAEF SDALRDVSKKTENLA----TIKYLEEKRLAFEMYTLKTPHHEQYIVEDLSLTYAP
KHODIFSRGYRSYIQLFPFVYFAPAYIR-GE-IDFGAVHOALIACSHFANGF SELILEFGSLGRF SSYVERLSEFSSALEEIGOQTKDAS----TIKTLEQHOIKFEDYTLOTPDYEKYIVQHLSLSIEP
FKLHLFOYAHSFLTIYLPTYIIAHEYLS-GK-LEYGRATOARGAFARILSAL TYIYOHFEGLSRFSAGYDRLHAFSEALGDEAGOPASARDDGTOIHTYHGFOLALERLTYL TPHREHLLLEELTLAYKP
SYITLFOLGYNYFTRLIPYIIIAPLYLO-GE-LDFGATAOASYAFSOYLSALSLITHOIONITEFARSINRLGEF YESLDPKAFKKEKEQT--5F IYTHKASDYSLENYTLHPPHSERTLIOHYSLHYSH
TIHHYFSGLYYGFSHLAYLHFGSSLYIN-—0ELSIGALLAFHAHNANFHGLITTYIGFYDEFARYKTATORYTEYIDS TPEDONEQRKP- —~HAHLPENTDIICSQINFHHIGRA-HLLTDFSYTIPG
ITHGTFSGLYSGIGSTALLHYGGHLYTHPAENLSTGKLL AFHSHHGHFLGLIGTVIGFYDEF TTRKTAYORLTEITDTTPEMEGDGKKP- FTTISGDADIICTHYNFHYTGRY-DLLEDFTLTIPG
HLOSHISSATARYGYHYILHYGAHKYIH=-=-GAMSIGELF TFHALLAYFYDPIKHLIGLOPHLOTATYARERL SETLEL ESEFQEDEDRK: L SP=5SLKGDIETEGLHFRYGTRO~-LYLRDIHLKIRR
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~YRPALEENLFLPORPYIILGTLRDOILYPHTTDATIADQELEKIL EKYHLOHLL TOTHYFDKQYNHEN--ILSLGEQORLAFARNLYT
RPPLAKHLFLPORPYIILGSLROOLLYPHTHEQLSDEDL ENILKKYHLOQHLL TOKHSLDKEYHHEQ--ILSLGEQORLAFARLLIT
RPPLAKHLFLFORPYITLGTLRAOLL YPHTHEQYSDEEL ENTLKKVHLOHLL TOKNTLOKQYNHEQ=-=TLSLGEQORLAFARLLYIT
RPPLEEVLFLPORPYITLGTLREOLL YPHRHNOETHETKL REVLOEVHLOHLL NRVNSFDTEEPHEN--TL SL GEQORLAFARVLIT
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GKGLLIVGPSGRGKSSLLRATAGLHHAGTGRL——
GESLLIIGPSGRGKSSLLRATAGLHKAGSGRL.
GESLLITIGPSGRGKSSLLRATAGLHKAGSGRL:
GAGLLTVGPSGRGKSSLL RATAGL HHAGTGRL
GAGLLTVGPSGRGKSSLL RATAGL HHAGTGRL
GEGLLIVGPSGRGKSSLLRATAGLHNTGTGRL.
GEGLLIVGPSGRGKSSLLRATAGLHNAGTGCL.
GEGLLYYGPSGTGKSSHLRYIAGLHNTGSGEY-
DSHLLIHGASGTGKSSLLRATAGLHHSGHGIT——
GEYTALIGKSGCGKSTLAKLIAGLYPLOSGNIRFGIYNHHDLSLECRROOTTLYPOEAHFHSRSIFONFRFSY--PDYTFEQIVKACOIAGADEF INELPDGYOTYLGEFGYNISGGOKORLALARAIVT
GKYTATIGKSGCGKSTYAKLITSLYTLASGHIRIGL YHLADIALDCLROOVYLYPODAHFHSRSTIENFRLGA=-PFY TFEQTYRACOYTGADEF ISRFPOKYOTILGEFGANISGGORORLAHARATYT
GEKIATVGESGSGKTTLAKLLLGFYDYESGETRTHGYHLKDINKRHLREKIAYTSADTFLFSGTIFEHL YL GH--RDLKHEEVYIEYSKLTTLDEF YTKLPLRYNTHIEEHGANL SGGOKOLTATTRALLK
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RPPLEQFLFLPORPYIILGTLREOLLYPKTTREHTDGELESYLOKYNLOHIATKVHGFDAEYPHEN--ILSLGEQORLAFARLLYT
RPAGSDHLFLPOOPYLPLGDLRCOL TYPOTERDISDEELLOHLEQYNLPTLAERFGELGAELDHSR—-YLSVGEQORLYFARALLA
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RPSFAILDEATSALDLINEESLYOOLOOT--QTTFISVGHRESLFHYHQHYLELAENSRHOFLSYEDYQOOKFGATHFLKKS

KPTFTILDEATSALDLANEASL YROLOES==ETTFTSYGHRESLFHYHRHVLEL TENSHHOLSTYEDYORKKYNDL VHHSRKS = EDF SAYKIEPLSEYKTEHDAETAG=====YSETTEGL SHOOH
KPTFTILDEATSALDLANEASL YOOLQES==ETTFISYGHRESLFNYHRHVLEL TENSHHOLSTYED YORKKYNHNLVHNSKKS= ENFSSYKIETLSEYKTEHDAETAG=====YSETAEGL SHOOH

RPSFTILDEATSALDLHHEEHL YRALAKT--HTTFISVGHRESLFHYHAUVLEL SSHSHHALL TVEEYRROKVKETTHISYDHSATRLEDL PHOE TEVHPKIHSAGEPPPESPTTTILTEVEEGLSHAGH
RPSFTILDEATSALDFKHEGHL YOOL OKT--HTTFISYGHRESLFHYHOWVL EL SEDSHHAL LTYADYRRAKAEETSSYPGDNSOARVENSPHOOARHKPOTHSSEELLLESPTTTILTE--EGLSHAOH
HPSFTILDEATSALDLHHEGHL YQULOAT--KTTF ISVGHRESLFHYHOHVLEL SOESGHOL YSIEDYRHOKGIKTYDISPKH-——-- HLPSKKRHVYISKL
HPRYYILDEATSALDLHNEQTLYOQOLOKA--ATTFISYGHRESLFKYHOHYLELLEDSSHRLLSIDDYRASKAL

KPRYLLLDEATSALDAGNEERL YGOLAYL~-SITPISVSHHORIYKHHHHYLELPGNGSHTLHEARGYRHGP

KPRYAILDEATSALDYKNEERLYOEL SHH--GTTYISYGHRPTLSOYHQOLLETL DEGHHOLKKIEN
EPPILILDESTSALDPYLEAQYLDKLLFHRAGKTTITISHRSRYILRADLIVYLDKGHLKLOGTLDOTQYISGEHLDFLHP
EPPILILDESTGGLDPYSERQYLDELLHHRAGATTILISHRPKYINRADHIVLLDOGRLKLOGSIEDLRTKAGEHLDFLIP
HPEITTHDEATSHLDSYTEAAIGKYIEKVCEGITTIITAHRLSTILKCDRYYYHHEGRIVEVGTHEELHAKKGY Y YHLHREQL -———-—-HGLEQKGLLGLYGSAAGG
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QSLTDYSLSHYRSRASL GKTTTAKDGFHYRYDKDPKALKHYRT
ASLTDYSLSHYRSRASL GKTT TAKDGFHYRYDKDPKTLKHYRT
KELSDYSLSSTRSKASOGKSI TGKDGL TYRYDKDPKILKHLRY
TKLSHYSYSSIRNLASRGKSITGHDGLTYHYDKDPKILKHLRY

Figure S3. Alignments of MvdA.
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1

HGOL¥TKRLRLYPFKLPIVOARHIGD-TEL GKYLGYTYLSDHIDOEFYD-HLPETANILHKSPLOGEHGHGHL YI0-0AENTLIGHYHLKIIPDIPDPTGSP TGALEIGYEIAPSYRROGYGSE
HKALEKLVTERLYLYPLKLELL KARTTGI-DELATIL GYKYADDHAEQEL I0-AFPDIANTLLOFPLONEHGHGSL TTH-0AENTLTGHYHTKITPDY===TGLPTOAVEIGYQYAPL YRROGYASE
HSTLTTERLALTPYSLPLLEAYTRGDRAEAEAL SGARFPGAHPGRALYERAFSSPLDRLRDDPERFLHGTRLHYTRGAEERVYVGSYYLHGRPDA: TGTYEIGYGYEGKSOGUGYATE
HHFELYSKRLRLIPLHAKYLOLLIEHE-HDLATEFSLHKLEGIIDDELKO-ALDYRRSKYLEDEENY IHOTHHL IVC -KEQHCALGGIHL KGHPHE ROEVVIGYYTFPSFAGRGYHTE
HDHLETDRLIL IHYTLEHIOATINGT-EALEKTSGYHYSPDHPGIDFFF-YLPYYLENYKKDDKHIKH-~TRLYVLKTEN-KIIGEIGGOGHPDE: TGEIEIGYSIYPDYOHKGYHSE
HDHLETDRLILINYTLEHIOATINGT-EALEKASGYHYSPDHPGIDFFF-YLPYYLENYKKDDRNIKH-~-TRLYILKEEN-KIIGEIGGOGHPDE: TGEIEIGYSIYPDYOHKGYHSE
HDHLETDRLILINYTLEMIQATINGT-EALEKASGYHYSPDHPGIDFFF=YLPYYL EHYKKDDRHIKH=-=-TRLYVL KEEN-KIIGEIGGOGHPDE: TGETETGYSTVPDYONKGYHSE
HYTILETEHLLLYPYALSYTEATIIGD-EKLSEYSGFSYAAEHPGVEFFF-YLPYVLERVKEDRTKEKH--THLIVLKSEN-KIIGEYSAOGTPEL TGERELGYGIVGHYSGHGYATE
HYLLETHRLRLOTIDIPLLDARSKOD-HOATKEL GYETHGEMPHSDFFE-ATPYFREIL YKHHGTKGF --DSHITVKKDHYEIVGGTGFLGDPDE: NGHIEIGFATHKSHRRKGYCVE
HTLRHIDTDRLLLHPY¥TLEIVKSLHYGS—-HDELLKLOINPHTKHPTKDTKD-ILPIIHRTLEKHKYPSGF -~ETHHLIKKDHHOVIGDIGFHSEPHE: KGEVEYGYCLYEDERGKGFGFE
HAEYGRRSLLSCPYASTHLRTERLELRPYRD-EDIDRILEYRHLPEYTRHLLRTDYDPARFRARHRRSAEDP=-~HDHRYAYTRDGYYIGTYSLDYRTSHGOPGTPPGTEREYGYIFDPRYGGHGYATE
HHHODALAELSYKTSRLHIEHLDSVIVTEQASAVYLHKIVALL TPQVTAGLPPYFHDIETIKERE IHLKKHSHES—OL FHYSAKHTHDIIGFLFLSGSDMK VHLGYLLGDEYHHKGYGSE
HINLRPATLADLHLLRHHDEQPHYIASDPHDDH-GHEYELARSPDHREQL IVEIDSRPIGF IOIIDPAQEDSHYHGDYGEHLRAT: DIMIG---EETDLGKGYGTO
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ATKYYLDHAFSOPAYEKYTAGCDADNIGSKRLLEKIGHOHTKTLA-H---GOYLYHELSRSS
ATKANNMDHTLSQPGHOTYTAGCAPDNIASKRYLEKIGHDL TE~-A-R---EKYLIMKLSRYC
GSRAYLHHTLAAPGYRRYIATTPAHHRASLRYIEKL GHRPAGTLD-HDLLGELLVFERYPE
TITTHINHLHHAPHYASTIADTEKDNFASHRYLEKAGATLYKETE-SLYYHRFL
ALISHIDHLEHOPYIHRIFARCYEQHEASIOVLKHNHFYHIKEKDTEEKQGRYHHHEYPIKOT
ALIGHIAHLEEQPATHRIFARSYEQNHASIQYLKHHHFYHIKEKDTEEKQGRYHHHEYPIKRT
ALIGHTAHLEEQPATHRIFARSYEONHASIOVL KHNHFYHIKEKDTEEKAGRYHHHEYPTKRT
GARAFLSHLYSEE-TKKIKAKTYLYHKKSOHILKKLGFYKTGEGYF TGGD-RYAYFEHKPHHTLASEKSRADKKAH
AAQKLINHALSRETYSRITARCEHDHLGSOKTLEKLGF ILH-—----HKSREYKHHIYYTK
ALSATHDHIHFOKHYSIYKAQCL IENKPSARILOKYGHKEI----—-DROHDSIYHEFIKPYS
AYTANYSYSFARLGYRRITAGCYADNLASYRLLEKYGHRREQHGYGHSHHAELGHYDGYTYALLAEEHSKOP
LLGGLLDYLHEHPSTERLYGGYDKDNIASAKLLEKYGF TTKEE=====KHPHYYFYEYTIFHHT
HHRLALARCFADPLYTAILYDPLASHTRYHRF YERLGFKF LIEHRCFGDDECFVYRLHREDHHCKSEVYY
Cecoced Hoe.ogp.toliiacc.dnias.rilekoge e eenneanaa. N et

Alignments of MvdB.
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1
HSLSROYYLLITHSGDFFTIDRYIEALLKKGYQPFRFOTDOFPLHYOL TANFGKSHSDHOLEYNGHSTSTKOYOAYHLRRIMEFDF -0ELDPOYQOACAKESKATLNGFH
HKATYLLFLHSYLLKLSKKYHHLSRDVYYLL ITYSGDFFTIDRYAEAL SKKGYOPFRLOTDKFPLEYOL TAHFDKSKSYHTTECHHRSTSTEQYQAYHHRRTHEPOL SQEL APKFREACTKESOATLDGFH
HHLSROYVLL ITHSGDFF TIDRYAEALAKKGYOPFRLOTOKFPLOYOL TAHFDKSASHHTIE YDHHSTSTEQVOAYHHRRTHEPHL SOEL APKFOEACTRESKATLDAFH
HHLSGDIVLLITHRGDFF TIDRYAEALSKKGYOQPFRLOTORFPLEYAL TAHFDNHKTYHTIDYGGYCISTEQVQAVHLRRIMEPKLSADLAPKFREACIRESOATLHGFH
HKESPKYYLLL THSGDFF TIDRYAEATEKKGATPFRLOTDKFPLEYOLAROFNGKKSF YOLTYNHOSIDSEQYQSYHTRRIMOPEITGOLDPOFREACYRESOTTLAGFH
HKESPKYYLLL THSGDFF TIDRYAEATEKKGATPFRLOTDKFPLEYOL TAOFNGKKSF YOLSYNHOSIDSEQYOSYHTRRIMOPEL TGDLDPOFREYCYRESOTTLAGFH
HKESPKYYLLL THSGDFFTIDRYAEATEKKGATPFRLOTDKFPLEYOLAROFNGKKSFYOLTYNHOSIDSOOYOSYHTRRIMOPEL TGDLDPOFREYCYRESOTTLAGFH
HPLORDYYLL TTHSGDYFTIDRYAAAL SRRHVOSFRLOTOKFPHTYKTOAYFHOSHSHHOTE YGDITLHTEQYQAYHHRRLHOPHLSPELAPOYRDACTKESLAVHDGFH
HRERHPDVTTASASYLLYSHSODDFGIGRYAEALRRRGARPVRLDVDRFPRDIKLS TALGPGGYRRRLEDAGRE IGGDETSAYHLRRLHAPHLGEGIPEE YRGACYRESHARL TGHL
HKILLLTHSGDFFTIDRYQQALEAIGTHPIRINTOLYPEEIKVHFHLEAGTPKYF LIETPAGTIDTDEVEGYHHRRINKPRLDKE IQGDFRHICLGESOTVLRNSL
HSETSPILIITAKLDTHA-DAYISELKARGOPFFRLHTDDFHTEYKTYLRSGDRSYTFEDIHGRSYRFPHOYHAIHHRKPIESHHPPGYEECGTADHIOGE TLEL LHSL
HGGRTYAYFTGELDY-TADAYIYELHRRGYPYFRCDPARFPAEHTLGARFGAGHTGH-LRYGRRYLDVADYACAHHRRPTPITYPAEYPES--QHYRREAYAGLRGYL
ssassssesssssstllbhegh fLidr¥a.al..rG. . pfRISLA. AP fo liacfoseiiaiacancaiie #lavlRrowep.l. e, o cores.alg.l
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DSLRDAHHYDHLAQIEAASHKLLOLRLASEYGFTIPOTLITHKAEARREFFOOYNGKHYSKLL TALSRSHES-TSFFLYTSLYKEEYLODAESLRYCPHYFOEQOIFKOQELRYIYYHGKVFYGALNASYY
DSLKETTHYDHLERIDYASHKLROLRIASEYGFYIPOTLITHKAOARREFFQOYNGKHYSKLL TALSRSHEANSSFFLYTSIYKEEDLODAESLRYCPHYFOEQIPKQQELRYYYYNGHVFYGALNADHY
DSLKGARHYDDLERINYANHKLROLRIASEYGFYIPOTLYTHKAOARREFFGOYNGKHYSKLLTTLSRSHEANSSFFLYTSIYKEKDLEDRESLRYCPHYFOEQIPKQHELRYYYYNGHVFYGALNADYY
DSLRKAHHYDKLECTHARSDKLROLRYATOAGFYIPATLYTHKAEARRKFFOOYHGKHYSKLL TPLSRTHES=TSFFLYTSYIKOSDLENRESLRYCPHYFOEQTPKQHELRYYYYHGKYFYGALDASYY
DSLRSARHLOHLAOIERAKHKLLAL RLASEYGLITPPTLYTHHPDARREFFSAVAGRHYSKLL TRIARSHES—PEFFLYTSRYKAEDLEERESLRYCPHYFORETPKALELRYYYYHGATF YGALESSAY
DSLRSARHLOHLAQIEKAKHKLLOLRLASEYGLIIPPTLYTHHPDARREFFSOVOGRHVSKLL TRIARSHES—PEFFLY TSRYKAEDLEERESLRYCPHYFOREIPKOLELRYYYYHGATF YGALESSOY
DSLRSARHLDHLAQIEKAKHKLLOLRLASEYGLITIPPTLYTHNPDARREFFSOYOGRHYSKLL TRAIARSHES-PEFFLYTSRYKAEDLEEAESLRYCPHYFOAEIPKAOLELRIYYYNGOTFYGALESSQY
DSLRHAHHYDDLOKIHARENKLYOLRYAREYGLYIPPTLYTHNPKEAREFFEOYNGKHITKLLKPLSYSHEG-SSFFHYTSTYKEEDLLDAETLRYCPHYFOADIPKQQELRAYYYNGHLFYGALDASSY
RGLPARRHINEPAREERAODKLROLARRASYGLRYPETYYTHDPAEYRGLFARLGGNYYAKNLTPFSTSLAG-GAPFYFTHAYAEADLDAL SGLROSPHYFOERIPKARELRYACYDGRCFPGALDATRY
LLLDHAVHLOPLEHTSRASHKLYOL KL AVKHGLAYPATL I THEAAQAL SFYENKO=-DTTTKHHDOTDYGH=-GRSAHOHHTYKYTPEHVEEFESLOYCPHTFOKETKKACELRYYYYGGEFFTGATDTSAS
SCFHDRPHYHHPESHRYSARKFPALCLASELGFRYPRTLITHDPGEARRFARATAGSILCKANKEAGYSTPHGSYFIF SRAVGADEF DAHADRIALCPTLLOEYTEKAYELRYTYIGDYYFACRLDSAAD
AYL---PHLHHPEDIRAREHKPLOLATAARYGFAYPETYL THDPDQARAFV-EAYAPY IYKPLTCGYLD----GGRVIYAGPYDPARLDDA--YRYTAHLFOROYPKAYEYRATYYDGRIFARRIDA-LS
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1

EDSTYDHRAPGI-EYGA-HONHAL PEELTRRLATFHGEL GLLF GAFDFILTPSGDYYFLEVHPGGEHGHLERDLDLPISQATADTLIP
ARAKYDHRKPGY-ELGA-NOHHOL PDOYVRRLKAF HGKF GLLF GALDF I¥TPSGEYYFLEINPVGEHGHLEKDLDLPIASATAEALLQRHHN
AATKADHRKPGY-EVGA-HOHHOL PDELYRRLOAFHGKFGLLF GSLDFILTPSGEYYFLEYNPIGEHGHLEKDLDLPIANATADILLON
DTSKYDHRKPGY-DVGY-HONYELPEQYLRRLOTFHDKLGLLF GALDFI¥TPSEDYYFLEINPIGEHGHLEKDLDLPIANATADTLLL
NHSAYDHRRPXI~-DPGA=HOHHTLPDSLLOQLOTFANLGLNF GAFDFILTPGGEYYFLEYHPGGEHGHLERDLDLPISHATADFLYC
HHSAYDHRRPGI-DPGA=-HOHHTLPDSLLAOQLATFHANLGLHFGAFDFTLTPGGEYYFLEVHPGGEHGHLERDLDLPTSAATADFLYFG
HHSAYDHRRSGI-DPGA-HAHHTL PDSLLAALATFHANLGLHF GSFHFILTPAGEYYFLEVHPGGEHGHL ERDLDLPISHATADFLYFG
EASTOOHRRANO-ESCT-HOPYELPKE LTOHLDOFHARLGLTF GAFDF I¥TPLEEYVFLEINPTGEHGHLERDLHYPISEATADSLIQH
ESIAYDHRHPDVSEVGIGHEPDALPRDYEARL GALLRALGLYF GAYDLIRTPDGEHYFLEYHPAGEHGHLERDLGLPIADALAEALLAPTENR
AOGGTOHRRSETHEAE--HTHFSLPADYRAKL YSFHDELHLSFGALDLIHTPHDEYYFLEYHPLGEHGHLERDLDLPISKATAHTLYKOIKTKQHTTTA
EAARIDHRMYTPDRIA=~HSHYTLDNKYEAALKAHNRRFGLRF GAFDLI¥TPEGETYFYELHPNGOHYHIELTTGAPHASANADLLKS
ERGRODHRSDYRHLR===YTADRLPHDYADKARHYL RLLRLRFARLDFYITPGGEYYFLEANPHGOHAHIEDE TGHPTADATADALEGYAR
€....DHR. .. ..0 .. 4, . ..lp, v, 1, .F8, 1l .FeA,DF ! TP, g#yVF1E NP G#HgnlErd]l  1Pia Aifd. L. .vviuerarases

Figure S5. Alignments of MvdC.
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1
HvdD  HTYLIFTFSHOHESIPLYYKATIEAKGEKAFRFOTORFPTEYKLDI-YSGDFEGGIYTDGEHKLDLS-EYSSYHYRRHRYGAKLPDSHDAOFREASLKECRL TVRGL IASLPGFHFDPHINYDRANNKOLD
Avalbld HTVLIYTFSHONESIPLYIKETEARGEKAFRFOTDRYPTEYKLDI-YCGDTERYITTDGEOKLDLS-EYSSYHYRRHRYGOKIPDSHDKOYRDASIOECRYTYRGHIASLPGFHFDONANYDRANNKOLD
Hpun02001924  HTYLI¥TFSKDHESIPLYIKEIEARGEKAFRFDTORYPTEYKLDI-YSGDTERYIITOGEQKLHLS-EYSSYHYRRHRYGOKIPDSHOKOYRDASINECRATYRGHIASLOGFHFDRHSHYDRANNKOLO
H3414_22588 HTYLIYTYSHDHESIPLYIKATEAQGEKAFRFDTORYPTEYQLDI=YQGDTEQYTIISDEDKALDL S=0YSAYHYRRHRYGAKIPHTHEKOYREASTHESRATIRGHIASLPGFHFOLHSHYORTHHKALD
IPF_2483 HTVLLVYTFSHDHESIPLYIKATEAHGKKAFRFOTORFPTEVKYDL-YSGYKKGGITTDGDOKL EL K~EVSAYHYRRHRY GOKLPDGHOROF REASLKECRLSTRGHIASL SGFHLDPTAKVDHANHKAOLY
HdnC_HIES298 HTVLIVTFSHOHESIPLYIKALETHGKKAFRFDTORFPTEVRVOL-Y IITDGDOKLELK-EVSAYHYRRHRYGLKL PDGHOSOF REASLKECRLSIRGHIASL SGFHLDPIAKVDHANHKOLY
HdnC_HRC NTVLIVTFSRDNESIPLVIKHIERHGKKHFRFDTDRFPTEVKVDL-VSEGQKEGIITDGDQKLELK EYSAYHYRRHRYGLKLPDGHDSOF REASLKECRLSIRGHIASLSGFHLOPTAKYDHANHKOLO
all701l HHVLIITHSHDONESISLYTOAIESOGGKAFRFOTDRFPTEYOLDI-YYSHTEKCYLYADDOKLDLN-EYTAYHYRRIAIGGKIPPTHDKOLROASIOESRATIOGHIASIRGFHLOPYPHNIRRAENKOLD
Sce7176  HTVLIITHSEDHECIDRYAAAIARLGGRAFRFOTDAFPAGARLSLSSGAGAGRSTLTTROGALDLG-DY TAYHYRRYAYGARLPSSHDPOLRSASYHEAKQTAEGHLARFRYPOYDOPLPAYRFASHKOYD
STIAU_BO03  HTVLTYTHSHONTAPRDYAHAYAARGORAYRFOTDLFPTHLRL TLDE==~RGEGHL SGPEGYL DL A=EYTSYHTRRNGTGTRIPREHAPQL ROPSYEESRRYVSGHLARRRYF OLDALEEYRRAEHKPLO
H23134_04992 HHYLITSHSGDHESYALYTKATEAKGGKAYRFOTOLYPTOLHHSAGYEGHKRTLRLKGEQHDL DL AQDTDATHYRRLRIGAE TPAETHKAL YHASYEESKKTFAGHLGSHKKF TLOPYHKYRHTENKALO
Consensus HEVLI!'t,.S.DHesi, 1V ka'ea,G.kAZRFDTDr#%Ptev,1d, . Y.8... ..o, B, LEL, #! a!HYRR,.ryG,kiP, ,nd,01r, a5, Esr. b, GHias, .gfhlDp. .. 'rra.nkqll

1x 140 150 160 170 180 190 200 210 220 230 240 250 260

1
HudD LOTAROLGLLTPRTLTSHHPEAYKOFAGDCKEQGIYTKHLSAFATYGENKEENYVF TSPYTDDDLDHLEGL SFCPHTFOENYPKALEL RTITYGKOYFTAATHSOOLDGATYDHRKEGRALHEKHOAYHL
Aval619 LKVAKEVGLLTPRTLTSHHPERYKKFAADCP-QGIITKHLSSFAIYDDAGRENYYF TTPITHDDLENHEGLCFCPHTFQENIPKALELRTTIYGHHYF TRAYDSASLAGSTYDHRKE GKHLAKHHAPYHL
Hpun02001924 LOVAREVGLLTPRTLTSHHPEAYKOF AGECH-OGIYTKHLSSFALYDORGRENYVF TTPYTHDDLEHHEGLHFCPHTF QENVPKALELRTTIVGHRYFTAAYDSOSLSGSTYDHRKEGRAL YKHHOL YDL
H9414_22588 LOIARKIGLLIPRTLTTHHPEAYKOFARECHKAGIYTKHLSSFATIFGEQGEQFFYFTSPYKDODLEHLEGLRFCPHTFOENYPKALELRITIVGORYF TAAYHSOSCOGATYDHRKOGRALKDAHOSYDL
IPF_2483 LOVAROLGLLIPGTLTSHHPEAYKOFAGEFEATGIYTKHLSOFAIYGONOEENYYF TSPYTKEDLDHLEGLOFCPHTFOENIPKALELRITIYGEQIFTAAINSQOLDGATYDHRKEGRALHOGHOPYDL
HdnC_NIES298 LOYAQOLGLLIPGTLTSHHPEAYKQFADEFEATGIYTKHLSQFATYGDKAEERYYFTSPYTKEDLDHLEGLOFCPHTFOENIPKALELRITIVGEQIFTAATHS0OLDGATYDHRKEGRALHOOHOPYDL
HdnC_HRC LOVAROLGLLIPGTLTSHHPEAYKQFAGEFEATGIYTKHLSAFATYGOKAEEHYYFTSPYTKEDLDHLEGLQFCPHTFOENTIPKALEL RITIVGEQTFTAATHSOOLDGATYDHRKEGRALHOQHOPYDL
all7011 LAVARKIGLDTPRTLTTHHPOAYKEF ARECA-QDVITKHLSSFATYDEKGGEQYYF THPYKSEDLEHLEGLRFCPHTFOEKTAKYLELRITIYGKSILTAAYHSOALDKSRYDHRKOGYALLDAHATHTL
Sce7176  LDIAREVGLDTPRTLTTHDEDARRAF ARTCP-GGVIAKHLSSFAYYRD-GEEQYYF THALEAKDLADHRGLSLCPHTF QEHNIPKARELRYTYYGERYF TRSYDSOAAPGAEVDHRROGLEL IDAHRKDTL
STIAU_6009 LELAGTLGLEYPRTLTTHDPEAYRAFARSCP-GGYYTKHHTSFAYYGERGEEQYYF TTPLHPEDLEHLEGLDLCPHTFOERTAKAHELRYTYYGEQYHARSIDSQALPRAREDHRREGY TLAGAHOPYLL
H23134_04992 LOIARELGLDIPRTLFTHDAEAYKEF YHRYK-APLITKHOHSFAYYDKEGRENYYF THETTEEHLEDLEGLDVCPHTFOEKYDKKYELRITIVGDOYFARAYDSSYSELSKTDHRROGYGLENAHKPYHL
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HvdD PEDIEKKLLOLTAYFGLNYGAIDIIYTPDGRHYFLEINPYGEFFHLELFAPYFPISOATAEILLTPTHOKPF
Avalbl9 PEDIEKKLLKLHANFGLKYGAIDITYTPDGRHYFLEYHPYGEFFHHEIYPPYYPISOAIAEILLTHKS
Hpun02001924  PEDIEKKLLKLHAYFGLHYGAIDIIYTPDGRHYFLEYHPYGEFFHHEIYSPHYPISOATAEYLLTHKH
H3414_22588 PPDYEKKLLALHAEFGLHYGAIDHIYTPDGDYYFLETHPYGEFFHLEIFAPHFPISOATAETLLTGKH
IPF_2483 PKTIEKALLELHKYFGLHYGAIDHIYTPDERYIFLETHPYGEFFHLELYPPYFPISOAIAEYLVHS
HdnC_HIES298 PKTIEKOLLELVKYFGLHYGAIDHIYVTPDERYIFLEIMPYGEFFHLELYPPYFPISOALAEYLVHS
nC_HRC ~ PKTIEKOLLELHKYFGLNYGAIDHI¥TPDERYIFLETHPYGEFFHLELYPPYFPISOATAEILVHS
all701l  PODYADKLLOLHAHFGLHYGAIDYILTPDNRYYFLEVHPYGEFFHLE-RCPGLPISOAIAKYLLSHI
Sce7176  PPDVETGYLRLHDOLGLHYGAIDILRTPDGRHYFLEYHPSGEF FHLE-RHPGLPISEALAEYLLGKAPRRGSHSAFLHTPATHPR
STIAU_6009 PESTRTRYLRLHDLLRLHYGAIDFIYTPEGRHVFLEVHPSGEFLHL T=HSPGHPITDALADYL TGRSARRRGHGSSORG
H23134_04992 PPEVEAKLLKLHDELGLHYGARDYIYTHOERYYFLEYHPAGEFFHLD-KLFDRATSEALANYLLDKAPRRTHHIAHLAER
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Figure S6. Alignments of MvdD.

Molecular Biology procedures for homologous recombination and protein
expression

1. Homologous recombination construct assembly.

A PCR reaction was performed using isolated genomic DNA from P.
agardhii utilizing the primers MVassembleLeftFrwd2 ATTAAATGTGACGCGTC-
CCTAGCCAATGGTCAAGTATTAGTTTG) and MVassembleLeftRev2 (ACAATG-
CATGTCGACCAGTTAAGTTCCTTTTGCAATATTGA-CCTG) with the iProof
PCR Kit according to the manufacturer’'s supplied protocol using a modified
cycling program: 98°C-30 s; 98 °C-10 s, 57 °C-30 s, 72 °C-1 min (5 cycles);
98°C-10 s, 66 °C-30 s, 72 °C-1 min (30 cycles); 72 °C-10 min. The italics indi-
cate Mlul and Sall restriction sites, while underlined letters indicate base pairs

added for restriction efficiency. The PCR product was isolated with the QIAquick
PCR purification kit according to the supplied protocol. The DNA was then re-
stricted with Mlul and Sall according to the manufacturer’s supplied protocol, fol-
lowed by reisolation of the DNA with the QIAquick PCR purification kit. The PCR
product was then ligated into a similarly digested pDrive vector with T4 DNA li-

gase according to the supplied protocol. The ligation mixture was then trans-



formed into chemically competent E. coli DH5a using standard protocols. The
transformation was plated out on LB agar containing kanamycin and blue/white
screening was performed with XGal/IPTG. Colonies containing inserts were
grown overnight in LB medium containing kanamycin and the plasmid pDMV-
Left2-1 was isolated. The insert was confirmed by sequencing using vector spe-
cific primers.

A PCR was performed using isolated genomic DNA from P. agardhii by
utilizing the primers MVassembleRightFwd2 ATGTGTATACTCGAGGTCAGAA-
CAAGACACAGAAACTGGTGA) and MVassembleRightRev2 (ATAAAAATTGC-
GGCCGCGTCGATTAGATCAAGGTGACTCCAC) with the iProof PCR Kit ac-
cording to the manufacturer’s supplied protocol using a modified cycling program:
98°C-30s; 98 °C-10 s, 57 °C-30 s, 72 °C-1 min (5 cycles); 98 °C-10 s, 66 °C-30
S, 72 °C-1 min (30 cycles); 72 °C-10 min. The italics indicate Xhol and Notl re-
striction sites, while underlined letters indicate base pairs added for restriction
efficiency. The PCR product was isolated with the QIAquick PCR purification Kit.
The DNA was then restricted with Xhol and Notl (Fermentas) according to the
manufacturer’'s supplied protocol, followed by reisolation of the DNA with the
QIAquick PCR purification kit. The PCR product was then ligated into a similarly
digested pDMVLeft2-1 with T4 DNA ligase according to the supplied protocol.
The ligation mixture was then transformed into chemically competent E. coli
DH5a using standard protocol. The transformation was plated out on LB agar
containing kanamycin. Colonies containing the appropriate insert were found by
colony PCR using vector specific primers. Colonies giving a band of appropriate
size were grown in overnight in LB medium containing kanamycin and the plas-
mid pDMVLRassem-1 was isolated. The insert was confirmed by sequencing by

using vector specific primers.

Plasmid pDMVLRassem-1 was restricted with appropriate units of Xhol followed
by DNA isolation with the QIAquick PCR purification kit. The linearized vector
was blunted with Klenow fragment according to the manufacturer’s supplied pro-
tocol. The blunted DNA was ligated to the chloramphenicol resistance cassette

from pACYC184, which was removed by restriction with BsaAl followed by aga-



rose gel purification and isolation, using T4 DNA ligase. The ligation mixture was
then transformed into chemically competent E. coli DH5a using standard proto-
cols.! The transformation was plated out on LB agar containing kanamycin and
chloramphenicol. Colonies were grown overnight in LB medium containing kana-
mycin and chloramphenicol and the plasmid pDMVLRKO-1 was isolated. The
orientation of the Cm® cassette was established by sequencing to have the 5'-
end of the CmR cassette toward the MVRight fragment. PDMVLRKO-1 was line-
arized with Pstl and used in transformation of P. agardhii as previously de-

scribed.?
Primers used for detection of homologous recombination:

MVKOOckFwd (TGGGGAAATTTAGTGATTCAACAAGCAGAAAATA)-289bp

from construct

MVKOOckRev (CCAATTAACGGCTCCTATTTTGTTACTTTG)-362bp from

construct

2. Creation of MvdC and MvdD expression constructs.

The ProofStart PCR kit was used to amplify the genes mvdC and mvdD
from genomic DNA isolated from P. agardhii NIVA-CYA 126/8 using the primers
MicvicGluTranslfwd (GCTAGTCGCGCATATGTCTTTGTCTCGTGATGTTGTTT-
TATTAATTAC) and MicvicGluTranslrevl (ATATTAACTAGCCTCGAGGGGAAT-
TAGGGTATCGGCGATC) for mvdC and MicvicGluTranslifwd CCCGATGTAC-
AGTCATATGACGGTTTTAATTTTCACTTTCAGCAAC) and MicvicGluTransll-
revl (TTACTATCGACTCTCGAGAAATGGTTTCTGGTTTGTAGGAGTGAG) for

mvdD per the manufacturer’s supplied protocol. The italicized bases indicate the

Ndel and Xhol restriction sites while the underlined bases are random bases
added to enhance restriction efficiency of the PCR product. The PCR program
used was as follows: 95 °C-3 min; 95 °C-30 s, 55 °C-30 s, 72 °C-1 min (5 cycles);
95°C-3 min; 95 °C-30 s, 66 °C-30 s, 72 °C-1 min (35 cycles). The PCR product
was isolated with the QIAquick PCR purification kit followed by restriction with
Ndel and Xhol. The DNA was reisolated using the QIAquick PCR purification kit
and ligated into a similarly digested pET28b vector with T4 DNA ligase. The liga-



tion mixture was transformed into E. coli DH5a cells and the transformation mix-
ture was grown on LB agar plates suppleme nted with kanamycin. Clones con-
taining plasmid were grown overnight in LB media plus kanamycin and the plas-
mids isolated yielding pEGIuTrkl and pEGIuTrll-2 for mvdC and mvdD respec-
tively. The insert sequence was confirmed by sequencing with vector specific

primers.

Procedures for Protein Expression and Isolation

Plasmid pEGIuTrl-1 was transformed into E. coli BL21 (DE3) cells and
plated on LB agar supplemented with kanamycin. A single colony was inoculated
into 50 ml LB media containing kanamycin and grown overnight at 37 °C with
shaking. 5 L of LB media containing kanamycin was inoculated with 50 mL over-
night culture and grown at 30 °C for 3 h followed by 22 °C for 0.5 h. The culture
was then induced with IPTG (final concentration 0.1 mMm) and grown an addition-
al 4 h at 22 °C. The cells were collected by centrifugation, the supernatant was
decanted off and the cell pellet was stored at —20 °C until use.

Plasmid pEGIuTrll-2 was transformed into E. coli BL21 (DE3) cells and
plated on LB agar supplemented with kanamycin. A single colony was inoculated
into 50 ml LB media containing kanamycin and grown overnight at 37 °C with
shaking. 5 L of LB media containing kanamycin was inoculated with 50 mL over-
night culture and grown at 30 °C for 3 h followed by 22 °C for 0.5 h and 15 °C for
1 h. The culture was then induced with IPTG (final concentration 0.1 mm) and
grown an additional 16 h at 15 °C. The cells were collected by centrifugation, the

supernantant was decanted off and the cell pellet was stored at —20 °C until use.

Both MvdC and MvdD were prepared as follows: The frozen cells were de-
frosted on ice and resuspended in 30 ml Lysis buffer [5S0 mm Tris, 300 mm Nacl,
5 mmMm imidazole, pH 8.0]. The cells were lysed by 30 sec intervals of sonication
onice. The cell debris was pelleted by centrifugation (10,000 g, 30 min, 4 °C) fol-
lowed by a second round of centrifugation (15,000 g, 15 min, 4 °C). The cleared
lysate was incubated with Ni-NTA agarose (0.125 ml), which had previously been
washed with 1.25 ml 20 mm Tris, pH 7.5, for 1 h at 4 °C with gentle rocking. The



Ni-agarose was loaded onto a BioRad disposable Poly-prep column and drained.
The resin was washed with 1.25 ml Lysis buffer with 5 mm b-mercaptoethanol
(BME) followed by 3 ml Buffer 2 [50 mm Tris, 300 mm NacCl, 25 mm imidazole, 5
mm BME, pH 8.0] and 3 ml Buffer 3 [50 mm Tris, 500 mm NaCl, 68 mM imidazole,
5 mm BME, pH 8.0]. The protein was eluted with 0.5 ml Buffer 4 [50 mm Tris, 300
mm NaCl, 250 mm imidazole, 5 mm BME, pH 8.0]. Fractions were checked by
SDS-PAGE gel and those containing protein were desalted into Buffer 5 [50 mm
Tris, 50 mm NaCl, 5 mm BME, 10% glycerol (w/v), pH 8.0] using Econo -Pac
10DG desalting columns (BioRad) according to the manufacturer’s supplied pro-
tocol. Protein concentrations were determined using the Bradford protein assay

using BSA as a standard.

Refrences:

! Sambrook, J.; Fritsch, E. F.; Maniatis, J. Molecular Cloning: A Laboratory Handbook
2 Christiansen, G.; Fastner, J.; Erhard, M.; Borner, T.; Dittmann, E. J. Bacteriol. 2003.

185, 564-572.

MvdB MvdC MvdD

50D

g I

50D ——»

20D
15D —»

b, S

Fig. S-7. Protein gels for MvdB, MvdC and MvdD. Fermentas Pager Ruler Unstained Protein Ladder as ref..
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