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ABSTRACT: Erm proteins methylate the specific adenine residue (Agss, £ colinumbering) on 23S rRNA to confer the MLSg (macrolide-
lincosamide-streptogramin BJ antibiotic resistance on a variety of microorganisms ranging from antibiotic producers to pathogens.
When phylogenetic tree is constructed, two main clusters come out forming each cluster of Actinobacteria and Firmicutes. Two
representative Erm proteins from each cluster were selected and their /n vitro methylation activities were compared. ErmS and ErmE
from Actinobacteria cluster exhibited much higher activities than ErmB and ErmC’ from Airmicutes: 9 fold difference when ErmC’ and
ErmE were compared and 13 fold between ErmS and ErmB. Most of the difference was observed and presumed to be caused by
N-terminal and C-terminal extra region from ErmS and ErmE, respectively because NT59TE in which N-terminal end 59 amino acids was
truncated from wild type ErmS exhibited only 22.5% of wild type ErmS activity. Meanwhile, even NTS9TE showed three and 2.2 times more
activity when it was compared to ErmB and C, respectively, suggesting core region from antibiotic producers contains extra structure
enabling higher activity. This is suggested to be possible through the extra region of 197RWS199 (from both ErmS and ErmE]),
261GVGGSLY267 (from ErmS), and 261GVGGNIQ267 (from ErmE] and 291SW293 (from ErmS) and 291GAV293 (from ErmE) by multiple
sequence alignment.

Key words: Actinobacteria, Firmicutes, ErmB, ErmC’, ErmE, ErmS, MLSg (macrolide-Incosamide-streptogramin B) antibiotic resistance
factor protein

Erm (erythromycin resistance rRNA methylase) THa21-2 (Roberts et al., 1999; Park er al., 2010; Schwendener and
23S rRNA 9] peptidyltransferase centerof] £ 5h= &4 72 Perreten, 2012; Wipfet al.,2014,2015; Anastasi et al., 2015).
| 2 E}O] =(A2058, E. coli numbering) 2] exocyclic amino 7| o| & AL R glabA = 2 1250 Q1 =23S rRNAE 7]
o] methylation A]%7] © 24 MLSg (macrolide-lincosamide- A2 5} T ofu| Ak A GALe] HEAo| o} 1 LRV &
streptogramin B) 44 7}ribosomeo] RAE = AL WASl A AR G|ZEIL 9lrk. B Erm wh o] 748 238
of o] 5 Aol /d2 UEbHA Sz AW/ Q1A ey RNA AA| = 82 5 AT A 28] 27|15 Bkl
X‘O]E]{Weisblum 1995). o] Thul2l 2 A “V‘“%oﬂfﬂ Al o 25 o el A b7 d o] o] 8% Al Erm ¢

Zpsto] FAYAE T/ ot nAE7A] chdRt S0 nlE 2 o] ofsf Q1A ¥ 31 methyl 3} H=t] a3t = F274]

Oﬂ EAsta AA7EA] <F 38F2] T o] EPE% A Aok A7 ES B 712 A 2 = 23S rRNA 2] domain V7} 174
o1 . . ) .
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Streptococcus pneumoniae| X E7A%l=EmB (Yu et al., 1997)
@} Staphylococcus aureuso)| 4] WA %= ErmC’ (Bussiere et
al., 1998; Schluckebier ef al., 1999)0|t}. I L2 E AR
N-terminal domain-2 Rossman fold (Rao and Rossmann, 1973)
2}3l A A Q)= o/ open twisted sheet T-ZE 7FA| W 7]
A methyl7] 2] Ao]7} dojdtt. 12]31 C-terminal domain2
37119] a-helix 2 -3 o] §low o] 27t - Z4= Erm THH 2
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Fig. 1. Schematic diagram of Bacillus subtilis domain V. The 583-nt
domain V (nucleotide 2043 to 2625, E. coli numbering) from B. subtilis
23S rRNA is redrawn from Gutell Lab’s Comparative RNA Website
(http://www.rna.icmb.utexas.edu). The arrowed adenine (A2085, B. subtilis
numbering) indicates the target for the Erm methyltransferase (methylatable
adenine). Domain V have been known to contain all the structural element
to be recognized and methylated by Erm proteins (Kovalic et al., 1994;
Vester and Douthwaite, 1994). In this study, domain V was used as
substrate for comparing the in vitro activity of ErmS, E, C, and B.
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Table 1. Bacterial strains and plasmids

Bacterial strain or
plasmid

Bacterial strains
E. coli DH5a
E. coli BL21(DE3)

E. coli HJJ105
E. coli HJJ116
E. coli HJIB101
E. coli HJIC101
E. coli HJJE101
ATCC11635

Plasmids and transposon
pET 23b

pHIJ105

pHII116

pHIIB101

pHJIC101

pHIJE101

pIM13

Transposon Tn1545

Description

Reference or source

High transformation efficiency competent cell BRL

Host for plasmid expression vectors that utilize the T7 promoter. It possesses T7 RNA polymerase Novagen

gene under /ac control

E. coli BL21(DE3) carrying plasimd pHJJ105 which contains ErmS structural gene Jin and Yang (2002)
E. coli BL21(DE3) carrying plasimd pHJJ105 which contains NT59TE structural gene Lee and Jin (2004)
E. coli BL21(DE3) carrying plasimd pHJJB101 which contains ErmB structural gene this work

E. coli BL21(DE3) carrying plasimd pHJJC101 which contains ErmC” structural gene this work

E. coli BL21(DE3) carrying plasimd pHJJE101 which contains ErmE structural gene this work

Source of DNA template for obtaining ermE by PCR this work

Vector for high-level expression under T7 promoter, with Hises-tag at C-terminal end Novagen

pET23b containing ermS Ndel-Hindlll gene cartridge Jin and Yang (2002)
pET23b containing NT59TE Ndel-Hindlll gene cartridge Lee and Jin (2004)
pET23b containing ermB Ndel-Xhol gene cartridge this work

pET23b containing ermC’ Ndel- Xhol gene cartridge this work

pET23b containing ermE Ndel- Xhol gene cartridge this work

Source of DNA template for obtaining ermC’, originated from B. subtilis

Source of DNA template for obtaining ermB, the conjugative transposon from Steptococcus

Monod et al. (1986)
Trieu-Cuot et al. (1990)

pneumoniae

Table 2. Primers

Oligonucleotide primer

Oligo-1

Oligo-2

Oligo-3

Oligo-4

Oligo-5

Oligo-6

Oligo-7
Oligo-8

Sequence & description
5'-GGAATTCCATATGAGCAGTTCGGACGAGCAGCCGCGCCCG-3'(40-mer) upstream (forward) PCR primer for ermk
gene with pET expression vector system
5'-CCGCTCGAGCCGCTGCCCGGGTCCGCC-3" (27-mer) downstream (reverse) PCR primer for ermE gene with pET
expression vector system
5'-GGAATTCCATATGAACGAAAAAAACATCAAACACTCTC-3’ (38-mer) upstream (forward) PCR primer for ermC’
gene with pET expression vector system
5'-CCGCTCGAGCTTATTAAATAATTTATA-3' (27-mer) downstream (reverse) PCR primer for ermC’ gene with pET
expression vector system
5'-GGAATTCCATATGAACAAAAACATCAAATACTCTCAAA-3" (38-mer) upstream (forward) PCR primer for ermB
gene with pET expression vector system
5'-CCGCTCGAGTTTCCTCCCGTTAAATAATAG-3 (30-mer) upstream (reverse) PCR primer for ermB gene with pET
expression vector system
5'-taatacgactcactataggCCCGCGACAGGACGGAAAG-3’ (38-mer) upstream (forward) PCR primer for domainV gene

5'-CCCGCGACGGATAGGGACCG-3" (20-mer) downstream (reverse) PCR primer for domainV gene

The underlined sequence in oligo-1, -3, -5, and oligo-2, -4, -6 was introduced for Ndel and X%ol restriction site, respectively. The italicized sequence in each oligonucleotide was
added at the end of DNA fragment for cleavage to occur more easily. The lower case sequence in oligo-7 indicate T7 promoter sequence

7R oa] = ARS A A3 NTS9TE (N-Terminal 59 amino acids
truncated ErmS) & W 5H= ¥l = o] o] & A& AHE
3} tHLee and Jin, 2004). ErmB (Yu ef al., 1997), ErmC’
(Bussiere et al., 1998) “12]31 ErmE (Vester and Douthwaite,

1094)3= EmS el Abol ALGel e W gelel wra
e A2k 35T ermk GRS K7 $151e] Saccharo-
polyspora erythraea®] A2 X DNAE, lysozyme (F|F5 T
2 mg/mD)ZFSDS (HE 55 1%) 2 Helsho] A2 Bafslo]
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lojl 3 3 M KOAc2} phenol/chloroform & & A A5} 5=
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oFDNA 48 il ol AT 480] Qolps i
o] Y2 &P LEo| =5 ol ermB= S| 3l 2
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(National Center for Biotechnology Information)2] protein
databaseo]| 4| 5313t} o] F A dojXl opm| it v H-2
Clustal X25 A}8-5}o] t5 ofr]ieql vl G A E S =35H3
o} o} opu| A v E-& FH 5= 12 ESPript (Robert
and Gouet, 2014)E Al8-3}o] 24514 )
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ErmS&}NTSOTE = o]u] BHE g tf 2 thatol 4] W o] &
=] tiJin and Yang, 2002; Lee and Jin, 2004). ErmE, ErmC’,
ErmBE coding}=DNA 8-S §+-6-31 pET23b (pHIJE101,
pHJIC101, pHIIB101)E Z}Z} E. coli BL21(DE3) (E. coli
HIJE101, E. coli HIIC101, E. coli HIIB101)]) & 2 43} 31 &
714 A5 SDS-PAGEE AHg-3te] £330t o] g7
oAk ERolE T AE-S 3 3 WE| Q] pET23bof|A] T
i) o] C ko] A|-5-%]1= 671 2] His-tag& -7-517] =1L, o]
ol gsto] Ni*'- 23} A 2nlE aeu| S AL, &4 Bels)

20

15

Fig. 2. Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-
PAGE) of purified ErnB, ErmC’, ErmE, ErmS, and its truncated protein
NTS9TE. Each E. coli cells overexpressing ErmB, ErmC’, ErmE, ErmS,
and NTS9TE (E. coli HIJIB101, E. coli HIJC101, E. coli HIJE101, E. coli
HIJJ105, and E. coli HIJ116) was grown at 22°C in the presence of IPTG.
Cell pellets of 100 ml culture was disrupted with lysozyme treatment and
freezing and thawing. The resultant lysate was treated with DNase I and
RNase A. The resultant supernatant after centrifugation was loaded onto
immobilized Ni** affinity column for purification. Lanes: 1, molecular size
marker in kDa: 100, 70, 50, 30, 20, 15, mid-range pre-stained protein size
markers from Elpis biotech; 2, ErmB 29.9; 3, ErmC’ 30; 4, ErmE 44.1
kDa; 5, ErmS 37.1 kDa; 6, NTS9TE 30.6 kDa. Each molecular weight
includes hexahistidine tag.
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o] e Abo] A A E NTS9TER} ¥ ol A f-igk ErmC' e}
ErmB o] tf 5 A 4to] Adgsto] = HehS tf 3£ 5= Erm T
A9 in vitrool A 2] A4S £ 712 2l domain VE AR5}
(Fig. 3) H] a5} 3ATh Table 30f| 4] Ko X|= Hje} o] X414
© 2 3pPA| Aol A e Erm Tl A2 v ool A &
2 Tl o =2 S-S B Gl o AA = oufell A BA
£ 138 52 248 B3lrh 5 ErmC'e} ErmE H]3LA] 9w,
ErmB2} ErmS H|wLA] 138[ 2] Zfo]7} vz A 0= 2= )
t}. 7181} ErmSoj| 4] N-terminal end region& X}A]3}=(Fig.
4) 21 0.7 e 1-59 A obn] ke ik A ATENTS9TESF 1
/gL wlarsto] B 11 2g o) Aol ErmC’, ErmB e} ) 5
SHAE 2.2, 3| & Fo| B AS WS 4= Qi 1y
ORI ZHA| FHAYA| Aol A -2 Erm Tl A o] A 9=

Domain V RNA
transcript (666nt)

Fig. 3. Synthesis of domain V RNA transcripts. The whole domain V of
23S rRNA (666nt) were prepared by in vitro T7 transcription system. After
transcription reaction, the sample was phenol-chloroform extracted and
ethanol precipitated. The resulting product was resolved on 5% PAGE gel
containing 7 M urea to separate the Domain V transcript and pre-matured
transcripts (lane 1), the domain V band was then sliced, purified and
subjected to the gel electrophoresis (lane 2).
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Table 3. Methylation of 23S rRNA domain V transcripts by various Erm methyltransferase in vitro

Protein ErmS NT59TE ErmE ErmC’ ErmB Cont. (w/o protein)
Activity (cpm)* 100,562 23,086 95,177 10,395 7,818 45

* The activity (cpm) was the mean of at least three independent experiments.

1 10 20 30 40 50 60
ErmS MARAPRSPHPARSRETSRAHPPYGTRADRAPGRGRDRDRSPDSPGNTSSRDGGRSPDRAR
ErmE MSSSDEQPRPRR.RNQDRQHP..... NQNRPVLGR............ TERD...... RNR
v = 11 MNEKN
v = 1112 e MN.KN

100 110 120

70 80

90
ErmS RELSOFITARRAVAERVARLVRPAPGGLLILIHV[EA[ER[EVLEYE AMAP Y CGRILVIAHIH TN P RIAL
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Fig. 4. Sequence alignment of several representative Erm proteins, ErmS, ErmE, ErmC’, and ErmB. Conserved residues are shown in white in red background
and conservative substitutions are shown in red. It is noticeable that ErmS harbors a long N-terminal end and ErmE a long C-terminal end compared to the
other two Erm proteins, ErmC’ and B which are originated from pathogens, Furmicutes. From the multiple sequence alignment, clearly distinguishable region
in the core structure of Erm protein could be detected between two groups of Erm proteins from antibiotic producers and pathogens: 197RWS199 (in both
ErmS and ErmE); 261GVGGSLY267 (observed in ErmS) and 261GVGGNIQ267 (in ErmE); 291SVV293 (in ErmS) and 291GAV293 (in ErmE).
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