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EXPANDED MATERIALS AND METHODS
Plasmids

Restriction enzymes, T4 DNA ligase, and T4 polynucleotide kinase were
purchased from New England Biolabs (Ispwich, MA) and used according to
manufacturer’s instructions. Agarose gel electrophoresis and PCR were performed
essentially as described (19). Escherichia coli K-12 strain ER2267 [F’ proA B" lacl?
AlacZ)MI15 zzf-:mini-Tnl0 (Kan®)/ A(argF-lacZ)U169 ginV44 el4 (McrA)) rfbDI?
recAl relAl? endAl spoTl1? thi-1 A(mcrC-mrr)114::1S10] was obtained from New
England Biolabs (Ipswich, MA) and was used as a host for DNA cloning experiments
and methylation protection assays. Cells were grown in LB media supplemented with
chloramphenicol (50 ug/ml) and/or ampicillin (100 wg/ml). All DNA primers were

obtained from Invitrogen (Carlsbad, CA).



Construction of pDIM-N7 M.EcoHK31IA and pAR M.EcoHK31IB vectors

All primers are listed in Table S1 (Supplementary Data). Plasmids were derived
from pDIM-N7-MHhal[1-302] and pAR-MHhal[29-327] (15). The pAR plasmid had an
Ncol site replaced with an Ndel site for cloning purposes.

The pET3a-M38 and pET3a-C23 plasmids containing the M.EcoHK31IA and
M.EcoHK31IB genes respectively were a gift from P.C Shaw (17). The natural
M.EcoHK31IA gene also encodes the M.EcoHK31IB sequence in a different reading
frame. The pETa-M38 plasmid contains the M.EcoHK31IA sequence with the
M.EcoHK31IB’s start codon silently removed to prevent expression of both fragments
from a single vector. This modified M. EcoHK31I4 gene was amplified by PCR using
HK31IA-for and HK31IA(Ncol)-rev primers. The M. EcoHK31IA fragment was
digested with Ndel and Ncol and ligated into a similarly digested pDIM-N7 MHhal[1-
302] to make pDIM-N7 M.EcoHK31IA. Two additional silent mutations were made to
the M.EcoHK31IA fragment to remove AUG codons which could act as an internal
translation site for the M.EcoHK311B fragment.

The M.EcoHK31IB gene was amplified with the HK31IB-for and HK31IB-rev
primers, digested with Ndel and Spel, and ligated into a similarly digested pAR plasmid.
The truncated M.EcoHK31IB fragments were amplified using the appropriate forward
primer and HK31IB-rev to create truncations ranging from 35 to 50 amino acid residues.
Forward primers truncated the N-terminus of the M.EcoHK31IB up to the amino acid
residue indicated (ex. HK31IB A35-for removes the first 34 amino acid residues) and

appended an ATG start codon immediately preceding the residue (see Figure S1 for



deletion fragments). The amplified truncated fragment was then inserted into pAR
plasmid using Ndel and Spel restriction sites. See Figure S2 for detailed plasmid maps.
Construction of pDIM-N7 Tyr123-o. and pAR f-Tyr456 plasmids for combinatorial
library

All primer sequences are found in Table S2 in supplementary data. We initially
made several modifications to the plasmids and gene sequences to facilitate cloning and
the detection of methylation using Eagl for restriction endonuclease assays. Both the
M.EcoHK31IA and M.EcoHK31IB genes had EcoRI sites silently removed, and the zinc
finger sequences for Tyr123 and Tyr456 (20) had Ndel and Spel sites, which were
silently removed. The pDIM-N7 M.EcoHK31IA plasmid also had an Eagl restriction site
removed (that was located near the intended Eagl target site) in order to create a larger
digestion fragment that could be detected in restriction endonuclease assays.

The target sites were designed with a methylation site (5’-CGGCCG-3’) flanked
by the Tyr123 and Tyr456 zinc finger binding sites (Figure 1A). This methylation site is
also recognized by the Eagl (5’-CGGCCG-3’) and Eael (5’-YGGCCR-3’) restriction
enzymes. The zinc finger DNA binding sites are separated from the methylation site by
0, 1, 2 or 3 base pairs (labeled 0 bp, 1 bp, 2 bp, and 3 bp target sites) with the methylation
site centered between the zinc finger binding sites. Oligonucleotides (TyrZF 0 bp Target-
for and rev, TyrZF 1 bp Target-for and rev, TyrZF 2 bp Target-for and rev, and TyrZF 3
bp Target-for and rev) containing the zinc finger binding sites and methylation site were
annealed, phosphorylated and ligated into the pDIM-N7 M.EcoHK31IA plasmid between

the Xmal and EcoRI sites.



The zinc finger protein Tyrl23 was appended to the N-terminus of the
M.EcoHK31IA fragment either directly (linker OL) or using amino acid linkers of various
sizes. Linkers were designed to be flexible and are repeating GGGGS sequences to
create linkers of the length 5, 10 or 15 residues long (linkers 5L, 10L or 15L). The
Tyr123 zinc finger sequence was amplified by PCR with the Tyrzif123-for primer and
either the Tyrzif123-0L-rev, Tyrzif123-5L-rev, Tyrzif123-10L-rev, or Tyrzif123-15L-rev
primers to attach the amino acid linkers. The length of the 10L and 15L linkers for the
Tyr123-10link and Tyr123-15link PCR reactions required the use of the previous linker
size fragment (Tyr123-5L or Tyr123-10L) as templates.

The M.EcoHK31IA fragments were amplified and overlapping sequences to the
Tyr123 or linkers created using either HK311A-OL-for, HK31IA-5L-for, HK311-10L-for
or HK31I-15L-for primers and the HK31IA (Sall)-rev primer. The zinc finger Tyr123
and HK31IA fragments with corresponding linkers were fused by overlap extension PCR
using Tyr123-for and HK31IA (Sall)-rev primers. Each construct was digested with
Ndel and Sall and ligated into the four similarly digested pDIM-N7 target plasmids,
containing each of the four previously described target sites. Ligation using the Sall site
removed portions of an unused TetR operon and three potential methylation sites to
simplify restriction endonuclease assays. This created sixteen pDIM-N7 Tyrl23-
M.EcoHK31IA (pDIM-N7 Tyr123-a) plasmids containing every possible combination of
target site (0 bp, 1 bp, 2 bp, or 3 bp) and Tyr123-M.EcoHK31IA linker length (OL, 5L,
10L or 15L).

The Tyr456 zinc finger protein was fused to the C-terminus of the M.EcoHK31IB

A42 fragment using the identical linkers as the Tyr123-M.EcoHK31IA fusions (OL, 5L,



10L or 15L). M.EcoHK31IB A42 fragments were amplified with HK31IB A42-for and
either HK31IB-0L-rev, HK31IB-5L-rev, HK31IB-10L-rev or HK31I-15L-rev primers.
As before, due to the long length of the 10L and 15L linkers, the HK31IB-10L and
HK31IB-15L fragments were amplified using the previous linker size fragments (fA42-
SL or PA42-10L) as a template. The Tyr456 fragments were amplified with the
Tyrzif456-rev primer and either Tyrzif456-0L-for, Tyrzif456-5L-for, Tyrzif456-10L-for,
or Tyrzif456-15L-for primers. Fusions of the HK31IBA42 and Tyr456 fragments with
corresponding linker sizes were assembled and amplified by overlap extension PCR
using HK311B A42-for and Tyrzif456-rev primers. Fusions were digested with Ndel and
Spel and ligated into similarly digested pAR plasmids creating four unique pAR
M.EcoHK31IB A42-Tyr456 (pAR BA42-Tyr456) plasmids with the four different linker
sizes. These plasmids were cotransformed with the sixteen pPDIM-N7 Tyr123-a plasmids
into ER2267 cells to form a 64 member combinatorial M.EcoHK31I Tyr123-o/pA42-

Tyr456 library.

Construction of plasmids for M.EcoHK31IB deletion optimization and control
plasmids

During the course of our investigation we noted that the methyltransferase
appeared to contain a bias against the Notl non-target site. To eliminate this bias we
made additional modifications to the pDIM-N7 plasmids. The Eagl non-target site was
modified so that the overlapping Notl site was removed by changing base pairs flanking
the Eagl site to adenines. This created identical flanking nucleotides as the target Eagl

site (Figure 2B). A non-target methylation site overlapped by an Eael restriction site on



the pAR-Ndel plasmid was also removed due to an overlapping Dem (CCAGG)
methylation site which blocked digestion by Eael.

We also created several control plasmids to test if the zinc finger binding sites and
zinc finger proteins were necessary for targeted methylation. Control target sites lacking
the zinc finger binding sites were designed to have an Eagl site with similar flanking base
pairs as the 3 bp target site but with a random sequence in place of the zinc finger binding
sites (Figure 2B). The control target site oligonucleotides Control site (3bp)-for and
Control site (3bp)-rev were annealed, phosphorylated and ligated into the pDIM-N7
Tyr123-15L-a plasmid between the Xmal and EcoRI sites in place of the original target
site. The M.EcoHK31IA gene without Tyr123 was amplified using the HK31IA-for and
HK31IA(Sall)-rev primers and inserted into the pDIM-N7 plasmids containing the 3 bp
target site and the plasmid containing a control target site to create the pDIM-N7 a
plasmids.

New M.EcoHK31IB-5L-Tyr456 truncations were created by amplifying the
M.EcoHK31IBA42-5L-Tyr456 fragment with the appropriate HK31IB deletion forward
primer (Table S3, supplementary data) and Tyrzif456-rev primers. Truncations were
created up to 70 amino acid residues. The truncated fusions were then ligated into the
pAR plasmid using the Ndel and Spel sites. M.EcoHK31IB fragments without zinc
finger proteins were also amplified using the deletion forward primer and HK31IB-rev
primer and were ligated into the pAR plasmid using the same restriction sites.

A full length M.EcoHK31IB-5L-Tyr456 fusion was also created by amplifying
the full length M.EcoHK31IB gene with HK31IB-for and HK31IB-5L-rev primers and

fusing to the Tyrzif456-5L fragment by overlap extension PCR as performed before. The



full length fusion was then inserted in the new pAR plasmid using the Ndel and Spel

restriction sites.



Oligonucleotides

Table S1. Oligonucleotide sequences for construction of pDIM-N7 M.EcoHK31IA and
pAR M.EcoHK31IB and truncation plasmids

Primer Sequence 5’-3’

HK31IA -for CGG GGG CAT ATG AAA AAG AAA CCA CTG AAA CAG
HK31IA(Ncol)-rev CCT ATA GCC ATG GCT GTT ACG ATA ATG CCT CGT TGA GC
Hk31IB-for GGA GAT ATA CAT ATG CAA AAC TCA TCG

HK31IB A35-for CCG CAC AAC ATA TGA TAC GTT GGT CGA ATT CG
HK31IB A37-for GCG GCA TAT GTG GTC GAA TTC GGG TAT GGC G
HK31IB A38-for GCG GCA TAT GTC GAA TTC GGG TAT GGC GTT TCG
HK31IB A39-for GCG GCA TAT GAA TTC GGG TAT GGC GTT TCG

HK311B A40-for CCG CAC AAC ATA TGT CGG GTA TGG CGT TTC CGT GG
HK31IB A41-for GCG GCA TAT GGG TAT GGC GTT TCG TGG AGA G
HK31IB A42-for GCG GCA TAT GAT GGC GTT TCG TGG AGA G

HK31IB A45-for CCG CAC AAC ATA TGC GTG GAG AGT ATT GG

HK31IB A50-for CCG CAC AAC ATA TGA TGC AAA ATA CGG TGG
HK31IB-rev CTT CCC CAC TAG TCT ACT GCT CTG AAT CG




Table S2: Oligonucleotide sequences for construction of pDIM-N7 Tyr123-o. and pAR
BA42-Tyr456 combinatorial library

Primer

Sequence 5’-3’

TyrZF 0 bp Target-for

CCG GGA AGC TTG AAG GGG AAC GGC CGG TGG ATG ACG AG

TyrZF 0 bp Target-rev

AAT TCT CGT CAT CCACCG GCC GTT CCC CTT CAAGCT TC

TyrZF 1 bp Target-for

CCG GGAAGC TTG AAG GGG AAG CGG CCG TGT GGATGACGAG

TyrZF 1 bp Target-rev

AAT TCT CGT CAT CCA CAC GGC CGC TTC CCCTTCAAG CTT C

TyrZF 2 bp Target-for

CCG GGA AGC TTG AAG GGG AAG TCG GCC GCT GTG GAT GAC GAG

TyrZF 2 bp Target-rev

AAT TCT CGT CAT CCA CAG CGG CCG ACT TCC CCT TCAAGC TTC

TyrZF 3 bp Target-for

CCG GGA AGC TTG AAG GGG AAG TAC GGC CGACTG TGG ATG ACG AG

TyrZF 3 bp Target-rev

AAT TCT CGT CAT CCA CAG TCG GCC GTACTT CCC CTT CAAGCTTC

Tyrzif123-for

GGG CGG CAT ATG GGC AGC AGC CAT CATCATC

Tyrzif123-0L-rev

GTG GTT TCT TTT TGA CCA GTC CCT TCT TAT TCT GAT GAG TAC G

Tyrzif123-5L-rev

TGA TCC TCC ACC GCC GAC CAG TCC CTT CTT ATT CTG ATG AGT ACG

Tyrzif123-10L-rev

GCT ACC TCC TCC CCC TGATCC TCC ACC GCC GAC CAG TCC

Tyrzif123-15L-rev

CTTTTT TGA TCC GCC TCC GCC GCT ACC TCC TCC CCC TG

HK311A-OL-for GGG ACT AGA CAA AAA GAA ACC ACT GAAACA GTACAAGGTATCC
HK31IA-5L-for GGC GGT GGA GGA TCA AAA AAG AAA CCA CTG AAACAG TACAAG G
HK311A-10L-for CAG GGG GAG GAG GTA GCA AAA AGA AAC CAC TGA AAC AGT ACA AG
HK311A-15L-for GGC GGA GGC GGA TCA AAA AAG AAA CCACTG AAA CAG TACAAG G

HK31IA (Sall)-rev

CCG CCC GTC GAC TTACGATAATGC CTCGTTGAG CACC

HK311B A42-for

GCG GCA TAT GAT GGC GTT TCG TGG AGA G

HK311B-0L-rev GCT GCT GCC CTG CTC TGA ATC GAT TAG AGT CCAGTTC
HK31IB-5L-rev TGA TCC TCC ACC GCC CTG CTC TGA ATC GAT TAGAGT CCA G
HK311B-10L-rev CCT CCT CCC CCT GAT CCT CCACCG CCC TGC

HK311B-15L-rev CTG ATC CGC CTC CGC CGC TAC CTC CTC CCCCTGATCC

Tyrzif456-0L-for

GAT TCA GAG CAG GGC AGC AGC CAT CAT CATCATC

Tyrzif456-5L-for

CAG GGC GGT GGA GGA TCA GGC AGC AGC CAT CAT CATCATC

Tyrzif456-10L-for

GGC GGT GGA GGA TCA GGG GGA GGA GGT AGC GGC AGC AGC CAT CATC

Tyrzif456-15L-for

GCG GCG GAG GCG GAT CAG GCA GCA GCC ATC ATC ATC

Tyrzif456-rev

CCG CAC TAG TTT AGA CCA GTC CCT TCT TAT TCT GAT GAG TAC G




Table S3: Oligonucleotide sequences for construction of optimized M.EcoHK3 11-zinc

finger fusions

Primer

Sequence 5’-3’

Control site (3 bp)-for

CCG GGAAGC TTT CGT ACG GCC GAC TAC TTG ATG AG

Control site (3 bp)-rev

AAT TCT CAT CAA GTA GTC GGC CGT ACG AAAGCT TC

HK311B-for

GGA GAT ATA CAT ATG CAA AAC TCATCG

HK311B A42-for

GCG GCA TAT GAT GGC GTT TCG TGG AGA G

HK311B A50-for

CCG CAC AAC ATATGA TGC AAA ATA CGG TGG

HK311B A55-for

GGG CGT CAT ATG GAA CAC CCC AGC GTA GAA GAA GAG TGT AC

HK311B A60-for

GGG CGT CAT ATG GAA GAA GAG TGTACATTG TCG CAAGTC TTG G

HK311B A65-for

GGG GTA CAT ATG TTG TCG CAA GTC TTG GAG ACA TGC

HK311B A66-for

GGA CGC ATA TGT CGC AAG TCT TGG AGA CAT GCG CTC C

HK311B A67-for

GGA CGC ATA TGC AAG TCT TGG AGA CAT GCG CTC CGC

HK311B A68-for

GGA CGC ATA TGG TCT TGG AGA CAT GCG CTC CGC TCG

HK311B A69-for

GGA CGC ATA TGT TGG AGA CAT GCG CTC CGC TCG

HK311B A70-for

CGG GGA CAT ATG GAG ACATGC GCTCCG CTC G

HK311B-rev

CTT CCC CAC TAG TCT ACT GCT CTG AAT CG

Table S4: Bisulfite sequencing primers for optimized M.EcoHK311-ZF fusion plasmids.

Primer

Sequence 5’-3’

Bisulfite Top Target-for

GGC TTC ATATGG TGT TGT GTT GTG GTG TAT GGA GTT GG

Bisulfite Top Target-rev

CCACCACTAGTC GTC ATAATATTC ACT CCA AAA CAATAAAAACAT TTC
AATTTACTC

Bisulfite Bottom Target-for

CGT GCATAT GTG GTATTT ATT TTA GAG TGA TGAAAATGT TTTAGT TTG TTT
ATG GAA AAT GG

Bisulfite Bottom Target-rev

GAC GAC TAG TCC ACC TCA ACC TAA ATA AAA ACC AAC AAC ACC

Bisulfite Non-Target-for

GGC GGC ATATGG TTT GAAATT AAT TTT TAT TAA AGG GAA TAA AAG TTG
GAG TTT TAT TGT GG

Bisulfite Non-Target-rev

CCG GCC ACT AGT CCC ACATTC CAAACACTT ATAAAATTT TTC CAT ATA
ACT ACC




M.EcoHK31I 3

1 atg caa aac tca tcg aag aaa gaa agc ctg aat ggc tta tta ttg aaa atg ttc ccg gac 60
1M Q ¥ §$ S K K E S L N G L L L K M F P D 20
B A30 B A35 B A40
61 tgc tca aca gce aca atg gac aag act [tca aag ttg tca tcg [ata cgt tgg tcg aat [E:g 120
262 ¢ s T A T M D K T S XK L § S I R W S N S 40
3 A42 B A45 B A50 B A55 3 A6
121 gat [atg geg ttt [egt gga gag tat tggfatg caa aat act ttg[gaa cac ccc age gtafgaa 180
49 G M A F R G E Y W M Q N T L E H P § V E 60
BAB5 B A67 3 A70
181 gaa gag tgt aca [t_tg teg [&a gtc ttg [g—ag aca tgc gct ccg ctc gag tee ttt ttg aac 240
6l E E ¢ T L § Q v L E T C¢C A P L E S F L N 80

241 ccg gag caa cta gaa tcg ttg ata aac agg gcc aag gag aga ggg caa atg ctt ccg gag 300
81 P E 9 L E S L I N R A K E R G Q M L P E 100

301 cct ctg cta cag gcc tat caa aag cag ata tct att cta tcc age atg caa gta ttg gac 360
0. P L L Q A Y Q K Q@ I 8§ I L S S M Q V L D 120

361 gaa aag caa ccg cag gac ctc aag caa aag gat aca gga acg atg gag aaa cct aca ctc 420

121 E X ¢ P Q9 D L K Q K D T G T M E K P T L 140
Motif IX

421 ttg act caa gag gaa gtt cag atg ctg tat gtg cgc cgg atg ctg cct tee gag tac gag 480
141 L T Q E E vV Q¢ M L Y v R R M L P S E Y E 160

481 cgt cta cag gga ttt ccc gag aac tgg act cta atc gat tca gag cag tag 531
61 R L. Q G F P E N W T L I D S E Q * 176

Supplemental Figure S1. DNA and amino acid sequences of M.EcoHK31IB. The
M.EcoHK31IB contains only one conserved 5SmC methyltransferase motif (motif IX).
M.EcoHK31IB was truncated from the N-terminus to create various deletion fragments
(B Axx). The starting locations for various truncations are marked.
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Supplemental Figure S2. The effect of truncation of the N-terminus of M.EcoHK31IB
on methylation activity in E. coli. A) Schematic depiction of the pDIM-N7 and pAR
plasmids containing the M.EcoHK31IA (a) and M.EcoHK31IB (f) fragments (and
truncations thereof), respectively. The Notl site used for detection of M.EcoHK31I
methylation is marked on the pDIM-N7 plasmid. B) Plasmid DNA from cells expressing
the o fragment and the indicated truncations from the N-terminus of the 3 fragment were
digested with Notl and analyzed by agarose gel electrophoresis to test for methylation
activity. The Notl enzyme is blocked by M.EcoHK3 11 methylation. The arrow indicates
the location of the expected length of DNA produced when the Notl site is not
methylated. The plasmids were prepared from cells grown in LB media.
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Supplemental Figure S3. Optimization of the deletion length for M.EcoHK31IB for
targeted methylation. A plasmids encoding deletion fragments of M.EcoHK31IB fused
to Tyr456 via a 5 amino acid were cotransformed with the pDIM-N7 plasmid encoding
Tyr123-15L-M.EcoHK31IA (Tyr123-15L-a). Two versions of the latter plasmid were
used, one containing Tyr123 and Tyr456 zinc finger (ZF) binding sites flanking the target
site (+) and one in which the flanking sequences lacked affinity for Tyr123 and Tyr 456
(). The methylation state of target and non-target sites was assessed as in Figure 1.
Agarose gel electrophoresis results for A) a set of truncations in the range of 42 to 70
amino acid residues were tested along with B) a set of truncations in one amino acid
intervals from 65 to 70 amino acid residues. The locations of bands resulting from only
target methylation, only non-target methylation, and methylation at both sites are
indicated. The plasmids were prepared from cells grown in LB media.



%w/vGlucose 04 04 02 02 0 0 0 0 0 0
MMIPTG — — — — — — 4+ + — -

1imM Arabinose @— — — — — - - - 4 4
ZF Binding Sites + — 4+ — 4+ — 4+ - 4 -

+ 4+ + 0
+ 4+ o

23130
9416
6557
4361

Target and Non-Target
Methylation

—— Non-Target Methylation

- N

2322 Target Methylation

2027
1517

1000

500

% w/v Glucose 5

5
ZF Binding Sites + +
Eagl — +

Target and Non-Target

_/ Methylation

—— Non-Target Methylation

TN

Target Methylation

Supplemental Figure S4. Gel electrophoresis analysis of the effect of growth conditions
on methylation specificity. pDIM-N7 plasmids containing Tyr123-15L-a and fA67-5L-
Tyr456 were isolated from overnight cultures of ER2267 cells and incubated with BsaAl
and Eagl (+) restriction enzymes. Cells were grown in LB media supplemented with

various amounts of glucose (from 5% to 0.2% w/v) to repress expression (A and B), or
combinations of ImM IPTG and/or ImM arabinose to induce the lac or pBAD promoters
(A). Plasmids contained target sites containing the zinc finger binding site (+) or a control

target site lacking the zinc finger recognition sites (-).



5% glucose 0.2% glucose
Tyr123-15L-ac  Tyr123-15L-c.
[3-5L-Tyrd56 3-5L-Tyr456

ZF Binding Sites 4 4 s + =
Bagg — + + + +

23130 [
9416 Eae Target and Non-Target
6557 . B E B N — Methylation
4361
2322
2027

1517

1000

500

Supplemental Figure S5. Methylation activity of the pDIM-N7 plasmids encoding a
full length B-5L-Tyr456 and Tyr123-15L-o. Plasmids were incubated with BsaAl/Eagl
(+) or just BsaAl (-). Plasmids contain target sites containing the zinc finger binding site
(+) or a control target site lacking the zinc finger recognition sites (-). The band location
for plasmids fully methylated at target and non-target sites are indicated.



