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Constr uction of biosynthetic gene cassettes

The strategy represerts a further development of the Xbal based method described
previoudy.' Expression vector pSG142"* was adapted to alow the assambly of gene
cassettes directly and expression vector pS5144 was crested. This expression vector
dlows the assembly of gene cassettes diredly to replace eyBV and then build up the
cassette withou prior assembly in pUC-derived vectors as was the method described
previously.l To achieve this pSG142 was digested with Xbal and a fill-in reaction was
performed using standard protocols. The DNA was ligated and usal to transform E. coli
DH10B. Congruct pSG143 was isolaed andthe removal of the Xbal sitewas confirmed
by sequence andy sis. Plasmid pSGLitl (see below) was digested with Ndel and Bgll and
an approximatdy 1.3 kb insert was isdated. Plasmid p SG143 was digested with Ndel and
Bolll, the vector band was isdated and ligated withthe approximately 1.3 kb band from
pSGLitlfollowed by transformation of E. cai DH10B. Plasmid pSG144 (Fgure S1) was

isolated and the construct was verified by sequence analysis.

Isolation of conver sion vector pSGLitl

Convergon vedor pSGLit1 was usedto include the gly cosyltransferase genes a the end
of pre-assembled genecassettes. To do this, gene eryBV was amplified by PCR usngthe
primers BIOSG1 5'-
GGGTCTAGATCCGGACGAACGCATCGATTAATTAAGGAGGACACATA-3  and
7966 5'-
GGGGAATTCAGATCTGGTCTAGAGGT CAGCCGGCGTGGCGGCGCGTGAGTTC

CTCCAGTCGCGGGACGATCT-3, to introduce a Xbal site sensitive to Dam
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Figur e S1. Iterative assembly of biosynthetic gene cassettes; Xbal™, site senstive to the Dam
methylase in E. coli; EryRHS denotes aDNA fragment from the ermE digd flank of the

erythromycin biosynthetic gene cluser; SD denotesa Shine Dagarno ssquence.



SUPPLEMENTARY INFORMATION

methyldion at the 5' end and a Xbal site aswell as a Bglll site at the 3' end of eryBV.
Pasmid pUC18ayBVcas was used & a tenplate. Using sandard techniques the PCR
product was ligated with Smal-cut pUC18 and used to transform E. coli DH10B. The
oonstrud was then digested usng BamH| and Bglll and an about 1.3 kb DNA band was
isolated followed by the ligation with BamHI and Bglll digested Litmus 28 vector DNA
using standard procedures. The vectar pSGLit1 was isolated and the DNA sequence of
the inset was verified by sequence analysis. (Plasmid pUC18ery BVcas was congructed
& follows: The gene eryBV was amplifiad by PCR usng the primas casOleG21
casoleG21 5-

GGGGAAGCTT GCCGA CGAT GACGA CGA CCACCGGACGAACGCATCGATTAA
TTAAG-3 and 7966 5'-

GGGGAATTCAGATCTGGICTAGAGGTCAGCCGGCGTGGCGECGCGTGAGTTC

CTCCAGTCGCGGGACGATCT-3' and pSG142° as template. The PCR fragment was
doned using standard procedures and plasmid pUC18eryBVcas was isdated with an
Ndel site overlgpping the gart codon of eryBV and Xbal and Bglll sites following the
gop codon). Plasmid pSGlitl was used to replace the gycosy ltransferase gene eryBV
with eryClIIl, tyIMIl and angMIl usng Ndel and Bglll digest and standard cloning
proceduwes. To create pSGLitleryClll ad pSGLitltyIMIl plasmids pSGCIll and
pSGTYLM 2% were usad to isd ate theNdel and Bglll insert band. The primers employ ed
to amplify angMI| were BIOSG63 5-GGGCATATGCGTATCCT
GCTGACGTCGTTCGCGCACAACAC-3 and BIOSG80 5-GGAGATCTGGCGCG
GCGGTGCGOGGCGGTGAGGCGTTCG-3. The cosmidSB2 containing a fragment of

the angdamy cin biosynthetic pahway was used astemplate. T he plasmids were used to
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transform E. coli ET12567 (dam) and the plasmids isolaed to include the
dycosyltransfaases & the end of pre-assembled gene cassettes (Figwe Sl) using
gandard procedures. This introduced a his6-tag at the C-terminal end of Ery ClII, TyIM I

and AngM 1.

Isolation of conver sion vector pSGL.it2

This plasmid was usedto introduce a5’ -region containing an Xbal site sensitive to Dam
methylaion and a Shine-Dal garno region, thus converting genes which were originally
doned with an Ndel site overlgpping the start codon and an Xbal site adjacent to the stap
oodon for the assembly of gene cassettes. Plasmid Litmus 28 was d gested with Spel and
Xbal and the vector fragment was isdated. Plasmid pSGLitl (dam) was digested with
Xbal and the insert band wasisolated and ligated with the Sel and Xbal digested vector
fragment of Litmus 28 followed by the trandormation of E coli DH10B using standard
techniques. Plaamid pSGLit2 was isdated and the construd was verified by restriction
digest and sequence analy sis. This conversionincluded the transformetion of the li gations
into E. coli ET 12567 fdlowed by theisolation of dam DNA and Xbal digests. Examples

for thisgrategy are outlined bdow.

Isolation of conver sion vector pSGLit3religl

For the multiple use of promoter sequences in act-controlled gene cassetes a 240 bp
fragment wes amplified by PCR wusing the primegs BIOSG78 5'-
GGGCATATGTGTCCTCCTTAATTAATCGAT GCGTTAGGTCC-3' and BIOSG79 5'-

GGAGATCTGGTCTAGATCGTGT TCCCCT CCCTGCCTCGT GGT CCCTCACGC-3
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and plasmid pS5142° as tenplate. The 0.2 kb PCR fragment was cloned employing
dandard procedures using E®RYV digested plasmid Litmus28. Plasmid conv nol was
isolated. The construct was veified by sequence analy sis. Plasmid conv nol was digested
with Ndel and Bglll and the about 0.2 kb fragment was isolated and ligated with the
BamHI and Ndel digested vector fragment of pSGLit2 The ligation was used to
transform E. oli DH10B and plasmid pSGLit3religl was isdated using standard

procedures. T his congruct was verified usingrestriction di gests and sequence anaysis.

Isolation of cassettes containing genesderived fromthe tylosn biosyntheti c gene duster

The primers used for gene amplification are listed in Table S1. PCR produds were
doned into pUC-derived cloning vedors and the construds were verified by seguence
analysis. These plasmids were then digested with Ndel and Xbal and the insert bands
were isoated and ligaed into plasmid pSGLit2 digested with Ndel and Xbal. The
pSGLit2 derived vectars were then used to transform E. cdi ET 12567 (dam’) and DNA
was isolated. These wae digesed with Xbal and theinsertsisolated (see Figure Sl). For
iterative gene cassette assembly plasmid pSG144 and pUC19tylAl were digested with
Ndel and Xbal and theinsert band of pUC19tylAl and the vector band of pSG144 were
isolated, ligated together and used to transform E. coli DH10B. Plasmid pSG144tylAl
was thus isolated. As a second sep, plasmd pSGLit2tylAll (dam) was digested with
Xbal and ligated with Xbal dgested plasmid pSG144tylAl. The ligation was used to
transform E. coli DH10B and plasmid pSG144tylAltylAll was isolaed and verified using
gandard pratoools. As a third step plasmid pSGLit2tyIMIlIl (dam) was digested with

Xbal and theinsert band was ligated with Xbal digested plesmid pSG144ty AltylAll. The
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ligationwas used to transform E. coli DH10B and plasmid pSG144tylAltylAll tylMII was
isolated using gandard protocds. Theconstruct was verified using restriction digests and
sequence analysis. Udng this straegy, the gene cassettes were built up sep by step
inserting the desired gene & appropriate. To complete the gane cassette plasmid
pUCtyIMI was Pacl dgested and the insert was ligated with the Pacl digested vector
fragment of pSGLitleyClll using sandard procedures. Plasmid pSGLitltyIMleyCllI
was isdated and the orientaion was confirmed by restriction digests and sequence
analysis. Plasmid pSGLitltyiMleryClll was dgested with Xbal and Bglll and theinsert
band was isolaed and ligated with the Xbal and Bglll digested vector fragment of
plasmid p SG144tylAltyl AllityIMI T 1tyl Btylla. Pasmid
pSG144tylAltylAlItyIMIT1tylBtyllatylMl eryClll was isolated using standad procedures
and the construct was confirmed using restriction d gests and sequence anaysis. Using
the same approach, plasmid pSGLitltyIMItyIMIl was isdated and the gene cassette
pSG144tylAltylAlltyIMITTtylBtyllatylMI tyIMIl was created. Plasmid preparations were

used totransform S, erythraea mutant srainswith standard procedures.

Isolation of biosynthetic gene cassettes containing TDP-D-angolosamine biosynthetic
genes

Genes of interest wereamplified using standard protocols and primers listed in Téble SL.
These were cloned into pUC-vectorsor Litmus 28. The resulting constructswere verified
by sequence andlysis. The resulting genes were then cloned into pSGlit2 as Ndel and
Xbal digested fragments usingthe assembly protool described above. Transformetions

were then performed usng E. ooli ET 12567 (dam’) and DNA isolated. Subsequently Xbal
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restriction digests weae performed, the gee fragments isolated and used for the
oonstrudion of gene cassettes after the firs gene of the cassette, angAl, had been cloned
using Ndel and Xbal dgest and ligated with Ndel and Xbal digested DNA of pSG144.
Using the gene cassette approach outlined in Figure S1 the biosynthetic gene cassettes
were assembled. To insert the gly cosyltransferase gane at the end of the cassette plasmid
for example pSGLit1eryClll (isolated from E coli ET12567) was d gested with Xbal and
Bolll and the about 1.2 kb fragment was isolated and ligated with the Xbal digested and
partially Bglll digested vector fragment of the cassette construd. The Bglll partia digest
was necessary due to the presence of a Bglll site in angB. Using the same strategy, the
dy cosyltransferase genes angMlil and tyIMI1 were cloned at the end of thegene cassettes.
During the congruction of further gane cassettes the presence of the Bglll site in angB
was used such that theDNA fragments carrying angMI and the gly cosy Itransferase genes
were lifted from aready existing gene cassettes (as described above) using Bglll digests
and incorporated. Gene cassette congdructs such as
pSG144angAlangAllorfl4angMl i langBangMlier yCll| and

pSG144angAlangAllorfl4angMIllangBangMlangMIl wereisolated.

Construction of strain Saccharopoly spora erythraea S5Q2 (BIOT-2175)

Pasmid pGGlwas used to introduce a 900 tp deletion in the eryClV gene3 of thedran
S erythraea SGT2% in order to crege the quadruple mutant SGQ2 using procedures
described previously >4, Plasmid pGG1 wasisolated as follows: Plasmid pNCO62° was
isolated from the dam strain E. coli 12567 and digested with Ball and Bcll. To introduce

a0.9 kb deletion into e'yCIV &s previously described.® These were end filled-in and then
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ligated together using gandard pratoools. The ligation mix was used to transform E. coli
DH10B. Plasmid pGG17 wasisolated and confirmed by sequence analy sisand restriction
digestion. A 1.1 kb fragment containing the thiostrepton resistance gene was isolated
from plasmid pIB060 by digestion with Hindl11/Sphl This fragment was ligated with the
ebout 5.3 kb Sphi/Hindl I fragment of pGG17 and plasmid pGG1 was thusisolated using

gandard pratoools.

Constr uction of strain Saccharopoly spora erythraea Q42/1 (BIOT-2166)

A chromosomd mutaion was introduced into S erythraea SGQ2 to prevent the
biosynthesis of TDP-L-mycarose. Plasmid pSGKC1 was isolaed by cloning the
gproximetely 700 bp fragment of the eryBVI gene by usng PCR amplification with
cosmid2 a template and the primers 646 (5-CATCGTCAAGGAGTTCGACGGT- 3)
and 874 (5 -GCCAGCTCGGCGACGI CC ATC- 3) usingstandard protoools. Cosmid 2
oontaining the right hand site of the ery-cluster was isolaed from an existing cosmid
Iibrary5 by screeningwith eryBV as aprobe using standard protocols. The amplified DNA
fragment was isolated and doned into EwmRYV digested pKCJ_’L326 using standard
protocols. The ligation mixture was used to tranform E coli DH10B and plasmid
pSGK C1 was isolated. The construct was veified by DNA sequence andysis. Plasmid
pSGK C1 was used to transform S, erythraea SGQ2 using sandard techniques folowed
by selection with apramycin. The thiostrepton/gpramyadn resigant transformant S

e ythraea Q42/1 was thus isolaed.

Construction of strain Saccharopoly sporaerythraea LB1 (BIOT-2634)
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To introduce a deletion comprising the PKS and magjority of post PKS genes in S.
aythraea a regon of the left hand side of the ery duster (LHS) containing a portion of
ayCl, the complete ermE gene and afragment of the eryBl genewere cloned together
with aregon of the richt hand side of the ery cluste (RHS contaning aportion of the
ayBVIl gene, the complete eyK gene and a fragment of DNA adjacent to eryK. This
oonstrud should theoretically enable homologous recombination into the genome in
d@ther of the LHS or RHS regions, which &ter a second recombination event, would
result intheisdation of astrain containing a del etion betwean thesetwo regons of DNA.
The LHS fragment (2201 bp) was PCR amplified usng S. e ythraea chromosomd DNA
& tenplate and primers BldeINde (5-
CCCATATGACCGGAGTTGGAGGTACGCGGCTTG-3') and BlddSpe (5-
GATACTAGTCCGCCGACCGCAGGTCGCTGAGCC-3'). Prima BldelNde contains
an Ndel restriction site (underlined) and primer BldelSpe contains a Spel restriction site
(underlined) which were used for late cloning steps. The PCR product was cloned into
the Smal redriction site of pUC19 and plasmid pLSB177 was isolated using standard
procedures. Theconstrua was confirmed by sequence analyss. Smilarly, RHS (2158 bp)
was amplified by PCR using S. erythraea ciromosoma DNA as templae and primers
BVIIdelSpe (5'-TGCACTAGTGGCCGGGCGCTCGACGT CATGGTCGACAT-3') and
BVIldeEco (5-TCGATATCGIGTCCTGCGGTTTCACC TGCAACGCTG-3'). Primer
BVIIdeSpe contains a Spel restriction site (underlined) and primer BVIIddEco contains
an EcoRV restriction site (underline). The PCR product of these was clonedinto the Smal
restriction site of pUC19 in the orientation with $el postioned adjacent to Kpnl and

EcoRV positioned adjacent to Xbal. The plasmid pLSB178 was isolated and confirmed
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using sequence analyss. Plaamid pLSB177 was digested with Ndel and Spel, and the
~2.2kb fragment was isolated. Smilaly plasmid pLSB178 was digested with Ndel and
Soel andthe ~4.6 kb fragment was isdated. The two fragments were i gated together and
plasmid pLSB188 containing LHS and RH Scombined together a a Spel site in pUC19
was thus isolated. pL 38188 was digested with Ndel and Xbal and a ~4.4 kbp fragment
was isolated. This was ligated into Spel and Ndel treated pCJR24.7The liggtion mixture
was usal to transform E. coli DH10B and plasmid pLSB189 was isolated using standard
methods. Plasmid pLB189 was used to transform S. erythraea and transformants were
slected using thiostrgoton. One such resulting mutant named S. erythraea Del18 was
isolated and inoculated into TSB medium (6 ml) and grown for 2 days using standard
procedwres. This strains was subcutured three times using the same procedure but
gowingwithout thiostrepton (5% inoculum each time). The fina culture (100 pl) was
plated onto RZT20 agar8 and incubation at 30°C urtil sporulation occured. Spores were
harvested, filtered, diluted and plated onto R2T20 agar using standard procedures.
Colonieswerereplicaplated onto R2T20 plates with and without addition of thiogtrepton.
Colonies no longer resistant to thiostrepton were selected and further gown in TSB
medium. One such cdony was isoladed and confirmed usng PCR and Southem blot
analysis This grain was designated S erythraea LB1 (BIOT-2634). For further analy sis,
the production of erythromy cin was assessed as described previoudy. Y2 This gran was
aultured using sandard methods andthe lack of erythromydn productionwas confirmed
by LCMS analysis. As anticipated, in bioconversion assays this srain was unable to

dycosylate ewgenously added eythronolide B, whereas exogenously added

10
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aythromycin D was efficiently hydroxylated at C12to yield erythromycin C, indcating

functional eryk.

Table S1. PCRprimersused for cloning genes discussed in ébove.

Al

tyAll

tyiMII

;)

tlla

tylMI

angAl

angAll

BIOSG34 5 -GGGCATATGAACGA CCGTCCCCGCASCGCCATGAAGGG-3
5-CCCCTCTAGAGGTCACTGTGCCCGGCTGTCGGCGGCGGCCCCGCGCATGG-3
5-CCCCTCTAGAGGTCATGCGGSCTCCAGTTCCCTGCCGCCCGGGEACCGCITG-3
5’ -GGGTCTAGATCGATTAATTAAGGAGGACATTCATGCGCGTCCTGGTGACCGGAGGT

GCGGGCTICATCGGCTCGCACTTCA-3
TylM3Ll 5 -GGOGGGGAGAGAGGA GA GCATATGAA CA CGGCA GCOGGCCCGACC-3
TylIM32 5 -CCCCCTCTAGAGGTCA CTCGGGGA CATA CGGGGCGA OGGGCA GCCG-3
TylB1 5-CCCCCTCTAGATCTTAATTAAGGAGGACA CCCATGA CAGGGCTGCCGOGGCCOGCCGTCCGGGTG-3
TylB2 5-GGGGGTCTAGA GGTCA CGGGCCTTCCTCCCAGGAGTCCAGCGCGGCGGA-3
BIOSG 88 5-GGGCATATGGCGGOGAGCACTA CGA CGGAGGGGAATGT-3
BIOSG 89 5-GGGTICTAGA GGTCA CGGGTGGCTCCTGCCGGCCCTCAG-3
TylIMI1 5 -GGGGGTCTAGATCTTAATTAAGGAGCGA CAACCATGGCCCATTCATCCGCCA CGGCOGGA COGCAGG
CCGA-3’

TyIMI2 5 -GGGGGTCTAGAGGATATGTGTCCTCCTTAATTAATCACCGGGTTTCTCCCTTCGCTCCGGGGA
GCCCGGT-3

BIOSG/3 5'-GGGCATATGAAGGGC ATCATCCTGGOGGGCGGCAGCGGC-3

BIOSG/4 5'-GGTICTAGAGGTCAT GCGGCCGGTCCGGA CATGAGGGTCTCCGCCAC-3'

BIOSG/1 5'-GGGCATATGCGGCTG CTGGTCACCGGAGGTGOGGGG3

BIOSG72 5'-GGTCTAGAGGTCAGTCG GTGCGCCGGGCCTCCTGCG-3

11
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angMIll  BIOSG61 5'-GGGCATA TGA GCOCOGCA CCOGCCACCGAGGA CCC-3
BIOSG62 5'-GGTCTA GAGGTCAGTTCCGCGGTGOGGTGGGGGGCAGGTCACS'
$nO BIOS(41 5'-GGGCATATGA GCAGTTCTGTCGAAGCTGAGGCAAGTG-3
BIOS(42 5'-GGTCTA GAGGTCA TCGCCCCAA CGOCCA CAAGCTA TGCA GG-3
angorfl4 BlOSGB9 5'-GGGCATATGGTGAA CGA TOCGA TGOOGCGCGGCA GTGGCAG-3
BIOSG70 5'-GGTCTA GAGGT CAA CCTCCAGAGTGTTTCGATGGGGTGGTGGG-3'
angB BIOSG67 5'-GGGCATATGA CTACCT ACGTCTGGGA CTA CCTGGCGG-3
BIOSG68 5'-GGTCTA GAGGTCA GA GCGTGGCCA GTACCTOGTGCA GG GC-3!
angMI BIOSGE5 5'-GGGCATATGAAC CTCGAA TA CAGOGGCGA CATCGCCCGGTTG-3'
BlOSG66 5'-GGICTAGAGGTCAGGCCTGGA CGCGGA OCGAAGA GTCCGOGGTCG-3'
angorf4  BIOSGT75 5'-GGGCATATGA GCACCC CTTCCGCA CCA CCOGTTCCG-3
BIOSG76 5'-GGTCTA GAGGTCAGTA CA G OGTGTGGGCA CACGCCACCAG-3
@yCVl  BIOSG28 5 -GGGCATATGTACGAGGG CGGGTTCGCCGAGCTTTA CGACC-3
BIOSG29 5 -GGGGTICTAGA GGTCAT CCGCGCA CACCGA CGAA CAACCQG-3
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