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Effect of Truncation of 38 Amino Acids in N-terminal Region of ErmSF,
a MLSg Antibiotic Resistance Factor Protein, on Enzymatic Activity
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ErmSF is one of the four antibiotic resistance factor proteins expressed by Streptomyces firadiae, antibiotic tylosin
producer, which renders MLSg (macrolide-lincosamide-streptogramin B) antibiotic resistance through dimethylating
A2058 of 23S rRNA, thereby reducing the affinity of antibiotic to ribosome. Unlike other Erm proteins, ErmSF
harbors long N-terminal end region. To investigate its role in enzyme activity, mutant ErmSF deleted of 1-38 amino
acids was overexpressed and activity in vivo and in vitro was observed. In vitro enzymatic assay showed that mutant
protein exhibited reduced activity by 20% compared to the wild type enzyme. Due to the reduced activity of the
mutant protein, cells expressing mutant protein showed weaker resistance to erythromycin than cells with wild type
enzyme. Presumably, the decrease in enzyme activity was caused by the hindrance in substrate binding and (or)
product release, not by defect in the methyl group transfer occurred in active site.
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+= Streptomyces fradiae=A}A10] AJAFsl= YA o] 25t AFE-S
WAEE7] e 45572 A WAEAAE d@zch(Baltz and
Seno, 1988; Bate et al., 1999). Z 23S rRNA 2] A20589] & 7]
methyl7] & Z0]8= TIrA [ErmSF (Kamimiya and Weisblum,
1988), renamed ErmS (Roberts et al., 1999)12} ¢t 71 2] methyl 7|5
Zo|3l= ThD [(Zalacain and Cundliffe, 1991; Gandecha and
Cundliffe, 1996) renamed ErmN], domain 11¢]] &A3}+= guanine
(G748)°]] methyl7|& Ho|sl= TIrB (Liu er al., 2000) 18|11
efflux pump2 ZH-2-5}= TIrC (Rosteck et al., 1991)7} S. fradiae
of A Tk, B o] 5 % 8hiel EmSFi th Emm i
oA WA ] = EE3}A 7] N-terminal end region (NTER)
& 71tFig. 1. & ATolNE QHoR 2 BA e
MLSp 48A19) WA 212h9] Erm S0} 24 7]2h& oo} 2
7] $Jgt 4&ko 2 ErmSF2] NTER (N-terminal end region)2] &
T oA okt B3] & AtollA = 1-385A) ofu| At
S AATZN 11 A At e G RS skt
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Table 1. Bacterial strains and plasmids

Bacterial strain or plasmid

Description

Reference or source

Bacterial strains

E. coli BL21(DE3) Host for plasmid expression vectors that utilize the T7promoter:possesses T7 RNA Novagen
polymerase gene under /ac control

E. coli H]J105 E. coli BL21(DE3) carrying plasimd pHJJ105 Jin and Yang (2002)

E. coli HIJ114 E. coli BL21(DE3) carrying plasimd pHJJ114 Jin (2006)

E. coli HIJ115 E. coli BL21(DE3) carrying plasimd pHJJ115 this work

Plasmids

pET 23b Vector for high-level expression under T7 promoter, with Hiss-tag at C-terminal end ~ Novagen

pHIJ105 pET23b containing ermSFNdel-HindIIl gene cartridge Jin and Yang (2002)

pHIJ114 pET23b containing NT25TE Ndel-HindlIIl gene cartridge Jin (2006)

pHIJ11S pET23b containing NT38TE Ndel-HindIIl gene cartridge this work

Table 2. Oligonucleotide primers for cloning

Oligonucleotide primer

Sequence & description

(Met)
5'GGAATTCCATATGCGTTCTCCGGACAGCCCCGGGAACACCAGC (43mer)

Oligo-1
upstream (forward) PCR primer for NT38TE
Oligo-2 5' CCCAAGCTTCCGTCCGGCCGGTCGGCT (27mer)
& downstream (reverse) PCR primer for NT38TE
Oligo-3 5' taatacgactcactataGAGAGACTCGGTGAAA (33-mer)
g upstream (forward) PCR primer for “BDV DNA containing T7 promote.
Oligo-4 5' CCTCTCGTACTAAGGACACG (20-mer)

downstream (reverse) PCR primer for BDV DNA

The underlined sequences in oligo-1 and -2 introduced Ndel recognition sequence overlapping methionine codon in bold letters and HindllI restriction sites, respectively.
The italicized sequence in each oligonucleotide was added nucleotides at the end of DNA fragment for cleavage to occur more easily. “BDV denotes Bacillus subtilis 23S

rRNA domain V. Lowercase nucleotides in oligo-3 indicate the T7 promoter sequence.

WEETET
oF, EtAO|E 2 primers
£ AT AL E 35 U Bepan|E T80 A Sel
Fad| 2elo|= Zato]HE Z}Z} Table 1, Table 2] e ST

ermSF 7KL A NTERS| 1-38HMY ola|x=At0| M7= ermSF
TR 224

ermSF §737= o]n] groflA] Aojzl A& ARg3tgItHKovalic
et al., 1994). A%l ermSF SHAS AL23}o] NTER = o}n|
4t 1-385 Hrshe WEo|=rt AlAE S (NT38TE) &
A7) Y3} o] Helo| =5 FH 3= 7|4 E(DNA sequence)©]
AL ermSF 47 AL &2l 03728 2efol =19} &)
I eEeto|e 25 ZkzF AHFSK(forward), 9H}SH(reverse)
Zlo|HZ ARE3}e] PCR (HBPX2220, Thermo Fisher Scientific
Inc., USA)E =3te] Q9ic. 2} ejolnle] 5' Bo Q9o
42 NdelT} HindIIl Q14] X Fol A-§-3t= Alftas-E A2t
o7 DNA HHE 72 ARMEAZ %23t FEH A (expression
vector)?] pET23b (Novagen, USA)o| ZAggstdct 1 & T7
RNA 34 54 -2 3H88 E coli BL21(DE3)o] ¥4 A
Shetqict. 34 A8 oA EStAn|EE Eesta Algta
4 A3} dideoxy chain termination sequence analysis©] 23}
o 1-38 WA ofn|ieAto] HAtE Tl A-S ¥ sh= DNA Z2H
o] reading frame®]] S| @A) 7% 225 AEsic) o
714 ol EefAn| =5 pHIN1ISE Hstgit). 28 o] &
HGAu| =5 383 JAHFS E. coli HIT1152 B3} th

ermSF 'Y AEHO| ermSF RTAIL| Wl

FAGA o &3] 7|97 ermSF R AER 0] ermSF 7}
o A& oju] W WHo| ZA(Jin and Yang, 2002), A5
HEslo] =P}t s=wt i3t E. coli HIJ1058} E. coli
HIJ1155 A} wj=]o]] Fo]3}aL 600 nmof| A E4=7}0.8-1.00]
=5 37°CojlA] uljgt 5 IPTG (isopropyl-B-D-thiogalatopyranoside)
£ HF 5= mMo| HEE H7IRE 5 22°C oA 244171 vk
313 71 9 =2 SDS-PAGE (Laemmli, 1970) 2 Helstst.

ErmAM M

ErmC® M

ErmSF  MARAPRSPHPARSRETSRAHPPYGTRADRAPGRGR 35
(NT25TE)

ErmAM N-KNIKYSQNFLTS 14

ErmC’ NEKNIKHSQNFITS 15

ErmSF  DRDRSPDSPGNTSSRDGGRSPDRARRELSQNFLAR 70

TNT38TE)

ErmAM  EKVLNQIIKQLNLKETDTVYEI « - « « « - - 245
ErmC"  KHNIDKIMINIRLNEHDNIFEI « + « - « - -« 244
ErmSF  RAVAERVARLVRPAPGGLLLEV = - - - - - - 319

Fig. 1. Amino acid sequence alignment of N-terminal end regions in
ErmAM, ErmC', and ErmSF. Unlike the other homologous proteins,
ErmSF contains long N-terminal end region (57 a.a) and it contains
32% arginine residues (18 a.a/57 a.a). The arrow indicates the starting
amino acid of mutant ErmSF (NT38TE) in which 1-38 amino acids
from NTER of ErmSF was truncated, but methionine was added
just before starting amino acid for proper expression.



CHEMLSIEl THHE Hx|

ErmSFE$} 24 ¥o| T A[NT25TE (Jin, 2006)2} NT38TE]
9] A= 71&] I d WH-E AM-(Jin and Yang, 2002), ¥
3 wigstol, oha} o] A slsi). fle] Tha e e W
3= M| EZE lysozyme (5 mg/ml)S ¢H-3-5l=buffer A [20 mM
Tris-HCI; pH 7.0, 500 mM NaCl, 5 mM Imidazole]o]] A4t &
2ol A 208 viFEtaL -80°C oA HH T joj A A ZE E4
3}t o 7]¢f DNase I (2.5 ug/ml) 2 RNase A (2.5 ug/ml)<
W1 9k A7) T 4C oA 20,000 x g2 2087F YA E2]5ko]
APEOLE ASiT). ol AFEolo 2 e Tl pele BEA
(Novagen, USA)7} Alg3t o uwzt NiZ* affinity column
chromatographyo]| ©|3te] Eaj3}gict =, buffer AR P LS
©]& Hisbind resino] ZXH ZH 9| 458S loading Tt
3 buffer B [20 mM Tris-HCI; pH 7.0, 500 mM NaCl, 80 mM
imidazole] 2 F2t=]R] QIAL A Fabg TS Ao
Yol Tl 28 300 mM imidazole©] $H7-F buffer BE ARE-
3o Qlofuygict
WSIEl THHZRIO| jn vivo & ZIM(SHEA| LHAZAD

o waE SRe) AE o e ofn) we viot
20| Tz SR o2 Agelsickin, 1999). ARHABE]
(Advantec, Toyo, Japan)©] 25 mg/ml2] erythromycin -84
250 pgo] H=E M2 & T3t o] FA Lojzl A T A
BZ0l& MEA 23 #iA Yol =28 n]gEL]o] &8 F 3}
F 5% ekt 1 AR AA X 9S wEsHAT

7|&21 domain V| jn vitro transcription0 2|8t M=

B. subtilis 23S TRNA domain V (BDV)E Z&3}l=DNA &
HE A7] Y3l B. subtilis BD1702] chromosomal DNAE 53
© 2 5o T7 promoter A G-& T3t 2| LwId| QERO| -3
I SR et E45 A, A Zeto|HE ALS
sto] PCRE 35kt 22| EE|iwad| Qo] 5= B.
subtilis 23S TRNA FEd| LElo]| =9] 2022-2042, 2672-2692H
o] #71HE-& Z33eIt} Domain Vi $J2] Hp o g Adojzl
DNA AHE Fg o2 o3} o] A3t Transcription
buffer [40 mM Tris-HCl; pH 8.1, 1 mM spermidine, 0.01%
Triton X-100, 5 mM DTT]o]] 80 mM polyethylene glycol
(MW, 8,000), NTP (4 mM each), 28 mM MgCL]%] 300 nM
DNA &< #7}3}3 T7 RNA polymeraseS ARE, 37C o] 4]
4A17t B¢ BEEAIH T Phenol &3} of&h& A #,4% TM
urea-polyacryl amide gel-& ©]-8-3}o] &5}ttt

HNIE! EHHTIO| n vitro & Z4M

A DAY in vitro YL 7| S0 HHE S 4F
A 5lo] HMSY tHZalacain and Cundliffe, 1989; Jin and
Yang, 2002). 50 mM Tris-HCI (pH 7.5), 4 mM MgCl,, 40 mM
KCl, 10 mM DTT 243 2] &%299]| 1 pmole?] S-[methyl-"H]
adenosylmethionine (SAM; Amersham, USA; sp act 80 Ci/mmol),
10 U of RNasin (Promega, USA), 10 pmol domain V2} 200 ng
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o] ErmSF E Z49o] ErmSF (NT25TES} NT38TE)E &
Z F7} 50 WE%E 3 F 37Co|A 1A F2F vkt
12% trichloroacetic acid® ZAA|A ¥F--& AXA|7] Fof 2
AES AR FYE M-S S48

N

1-38 ofo|.cAto] MI7E! ZAEHO| ErmSF THHZEIO| WIS
ErmSFol|A] 1-38¥7A) ofu]=ibd #@ASH= H7|4E(DNA
sequence)°] A|AE DNA d#Ho| ZdstA 7197 pET23bE
E. coli BL21(DE3)o| F& &3 & IPTGE WS F=skaL
2 8E 75 9 Y =5 SDS-PAGES AR&-ste] 41815 thFig.
2). Fig. 20| Uehd vk} Zro] Bl Wek(empty vector)S -3t
Az Woll A TtEls S o] Wt Tt gl dewo)
DNA HHS gt 2 gl = £ Astz Qlste
37 kDa®| oF¥ % ErmSFOA 8 25 o]Fo] Betxl chilzlo]
i A E 2e WS o Uk Ak 47 =R o
H o|5 T o] HAIRRE: 242t 6711€] histidine tagSr 395} 32.9
kDa©]3] 2™ SDS-PAGEAAE 11 o]F A X7} lactic anhydrase
(36.5 kDa)2} carbonic anhydrase (29 kDa) Ato]of|A] LERLL o
A o] BAke 2 A0 2 BAEgirklane 3 in Fig. 2).
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Fig. 2. Sodium dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE) of the expressed mutant ErmSF (NT38TE). E. coli
BL21 (DE3) was transformed with recombinant plasmid pHJJ115
containing DAN fragment in which 1-38 amino acid encoding
region was deleted from ermSF. Overnight grown E. coli cells were
transferred (10%, v/v) to new LB medium, incubated for 1.5 h at
37°C to reach an A600 of 0.8-1.0. In order to induce the expression,
IPTG was added to the final concentration of 1 mM and incubation
continued for 18 h at 22°C. 100 ul of cell culture was boiled to
disrupt the cells in 6x sample buffer, resolved on 12% sodium dodecyl
sulfate-polyacrylamide gel and then stained with Coomassie brilliant
blue. Lanes: 1, empty vector; 2, wild type ErmSF of 37.0 kDa (E. coli
HJJ105); 3, NT38TE of 32.9 kDa (E. coli HJJ115); 4, molecular size
marker in kDa: bovine serum albumin, 69; glutamic dehydrogenase,
55; lactic dehydrogenase in porcine muscle, 36.5; carbonic
anhydrase in bovine liver, 29; trypsin inhibiter in soybean, 20.1.
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Table 3. /n vitro Methylation on transcripts of 23S rRNA domain V by modified N-terminal end region of ErmSF methyltransferase

Protein Wild type

NT25TE

NT38TE Cont. (w/o protein)

Activity (cpm)” 24419

21258 19583 45

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

20| ErmSFe| jn vivodllAMQ] & ZiM

AR AEo] ErmSFY] in vivooll A Uetl= /432
o155 Tdst= A7 el 3A8A WS 2HTCEHN
HAASIATE Fig. 304 R =2 HEAE a3 i+
2 YA (erythromycin)of] oJsf /g74o] Asf=|ojA B A )
A o] PEatA L= Gt vhH AdH op¥E ErmSFE &
3t OZe) ASE A8 NS WAL NTITES)
9= 7] 2315 NT25TE (Jin, 2006) 2] 73-2-2} Z+o] erythromycin
ofl Sfokel AshE WA Yskeh. wiA] 138 ofu Al
TR peptider} AA ol Thale] BAL $7151917 o
Ao A gt Yoz Vet 22u FAAE T
She 91g9) ABFol T YR West ok EmSFS
W@k tigratoll sl AstE]o] §l= Ao] T E et

CHEF MAFEl Z&H0| CHEEIo| x|

YA o] Gl opd EmSF 123 25749
ofulctto] A7 NT2STES} ST TS Ae0 2 the
T o] AFHoE A=Y NEE 243 T dilEsty
AlzakaE 9 E-8/d@ A (inclusion body) 59| E84EEE
AP (Fi. 4, lane 2) §5) BHCMINE FHos AEAS
Q9ICkFig. 4, lane 3). O3] Qo] PGS Ni*0] 145
=] resin®] = AFo] Y11 100 mM imidazoleo] -5 ==&
o1 AF51o] BT ¥ (Fig. 4, lane 6) 300 mMo| T8 258

Fig. 3. Antibiotic susceptibility assay. Erythromycin stock solution
(25 mg/ml) was dropped on filter paper circle to reach the final
amount of 250 pg of erythromycin. In each section of agar plate, E.
coli cells containing wild type ErmSF, NT25TE, and NT38TE
expression vector, and empty vector were spread with cotton swab.
In the center of each section, paper circle containing erythromycin
was placed, and the resulting agar plate was incubated overnight at
37°C. All grew well in the presence of erythromycin except cells
harboring empty vector. Section 1, E. coli cells harboring pHIJJ105;
section 2, E. coli cells harboring pHJJ115; section 3, E. coli cells
harboring pHJJ114; section 4, E. coli cells harboring empty vector.

WS AMGSte] ALHo] ErmSFE oW SithFig. 4, lane 7). 7]
A Qlojz] o] o BSAS BEFEO R Agslo] Hslae v
IPTGZ G 5o] W3 E 1 L ufjoFol 3 14.2 mgo|ich 3HA Fig. 4
o] lane 2645 2 4 Gli50] oA EnmSFLFNT25TES] 72
o Was Gue] ghe FHo] B4 Bujals wasl] 284
il B3)(inclusion body fraction) o] ‘Folle= A& & 4= Stk
HuIE ctixlo] jn vitro & ZM

NT38TEE Wd3dh= A2 erythromycin®] tfgt W4
Uetioltt. 28y FAAE oot dFAETe] FHd=
7o) vk At A2 BT Hagol A5tE 2
02 ARESH webA O At A E dotR ] ] AlE 9
ol X 2] &4 o E ErmSF % 7]E0] Xt d NT25TES}
Hlwste] goti7] 98] Erm Thafdol ¢bdr|d= ghed
domain V (Kovalic et al., 1994; Vester and Douthewaite, 1994)
£ ARgSte] B/9& AMSHSTh Table 3of Uehd Hiel o]
NT25TE= o83 ErmSFol H]3}o] oF 87% A =9] &2 et
W3 NT38TEL o3& ErmSFo] H]a}ko] 80% 12]31 NT25TE
o] H|5tq 92% 9] /43S LEh At

[
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Fig. 4. Purification of the expressed NT38TE. E. coli HJJ115 was
grown at 22°C in the presence of IPTG. Cell pellets of 100 ml
culture was treated with lysozyme (5 pg/ml), frozen at -80°C and
thawed at room temperature. The resultant lysate was treated with
DNase I (2.5 pg/ml), RNase A (2.5 pg/ml) and centrifuged to
remove the particulate materials including inclusion body. The
resultant supernatant was loaded onto immobilized Ni** affinity
column. Lanes: 1, total cell proteins; 2, supernatant fraction of
lysate; 3, inclusion body fraction; 4, affinity run-through; 5, 5 mM
imidazole column wash; 6, 100 mM imidazole column wash; 7, 300
mM imidazole elute; 8, molecular size marker: refer to Fig. 2.
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H8351= nRE-& Firmicutes, Actinobacteria®} 23 Bacteroides 50|
t}. o]& &, N-terminal end extension< Firmicutes®} Actinobacteria
oA QX ¥FAE D hRELS Actinobacteria®] ErmoilA] WAEcH
(Park et al., 2010). o] X = S. fradiaeo| A LA == ErmSF
9] N-terminal end region©] 7}4 Zit}, £3] RNA} & A3 28
Sl AR AEA arginineo] ¢F 32%7} EAYste] BAEAo|
Adigk JahE & Ao 7| et A 5709 arginine S F
ke 125 ofu| ke AibE A ASIE wf oF 13% 2] A 1
At wEhA] & Aol A= o] 3 6719] arginine& T 7HA| AL Q)
= 26-3971712] 9] ot ieAto] 23 1-39712] ofn| Ak A|A
3t AddEo] A S vhEo] 11 asgoA Y 7| =g SF
slarzt ok Teu HES 15 AR ofr]iAk] methionine
o] Z.of arginine, serine®] 22 0.2 112 = 1-382] ofu|i-Ato]
AAE Zenio] Tl 2 QoA Bargh vkel Zo] 14.2
mg/L iyl o = theko] chalzlo] ok AJ 4k E]$] 21} methionine
o] serineo] HFZ L} A Bl 1-399] ofn|icito] A|AH A
Ho| Thla 2 tigRaiato] e WA= R GSthAE v|AA).
olefat AT HOFRE O] A% 5 37C Bl o 38 SxolA
O] vjE I f = B IPTG 8] 24 Fof QA= Hdo]
A3 B i uebA] HS AT AR arginineo] &
A e Fetol =] Tael A o] efahe TSk Z 138 of)
LAhE AASHEE = ofn] Bt op iy ErmSFU NT25TE
o] ot v A 2 22 CoflA] e H w2 TR o] g3l o
W E HeE|o] ] B F(14.2 mg/L g S A& ¢
Agom 123 9Fe| thE F thilEa) Zro| o] gl uijk 2 =9
Aete oA T £l TR HEER] oF2 Tl o] of3]
= o] 2AF-E & 4= AT

o|g A 1-38WA)] ofm|ieito] A AH Tl o] &S S7%
A7 9 20% F=9 o] 2T wEbA ol E /9
2412 NTER 9] A A ¢t §A HAH o g dojuh= Ao R B
=St & 1-25 ofu]Ate] A|AH ThllF K} 1-38 ofn| Ak
o] AAE o] ¥ W2 B9 24E HAFG7] fio]
ot 2Z AT o] 23t S/ 442 NTERS 7HA| AL §lA] ¢
Erm Teide] a4 24& 7ARMetgE o NTERS AA7t
ErmSF2] 3} B ejol| A dojubz 840 24§ F3= m|3
22X o]FojR ALRE AAAA = Yt} T olf= AA"
NTERY] 1-38¥14) ofn|izito] HA vl 7 &35t K2 HE
Ha] "ojA] 917] w&o|th(Yu et al., 1997; Bussiere et al., 1998,
Schluckebier et al., 1999). wrelA] ofa} 7]12 o] EZk(binding to
substrate) = A E-2] A Z K E| o] (release of product) 2]
Aol Gk Fof 0|07 Ao 2 FHH o|FA 24E
G2 A WAL R TEE = AZYol|A e S =
AT 4 %t & 2 Ayl £33 a3 g (dise
diffusion method)e]l 2J3t A W/ HANA = ZF WA=
G S IEste S B2 oS FAAE TR 93
AEFol 23 s I fo See=rhol 4 A% &8 A=
o E ErmSF= Z7]0 A9 AFAAE HA] ot v wij
Foll= et o] vt tA39 W 2 7k 2ol A9
TP 1-25 E= 1-38 oAb A AT A Sd¥ ol

1-38W1) obalicAl Al7je BAAEl 243

G ES F@sHE 2 obntE T EHd 9] A st sk
o Z70] 73t A S o} 16417 St vjoF Sof Taste] B
A O AT 7171 &2 o W=7t H Fof| v]ste] o] #5ts
oISl AL TEAT = AS) oA T @A o F o Hlsteo
o] 20% #A3}E NT38TE 2wt oluzt 13%7} #3te
NT25TES] 7 Lo|lX = 2 ACRA YAt Taide] &
28O F oS AT 5= ST

=~
S|

fo

ErmSF= macrolide FAFEZR tylosing AJAJSK= Streptomyces
fradiae7} B3E 4712 SAA] WA @E 5 sptE 23S
TRNA 9] Asps3¢]] dimethylation A|Z] 024 GHPA|7} B2IE= A
S kg0 =M 1 AL oItk ErmSFi: the Em chla)
&= =] 7] N-terminal end region= 7FA| 3L Q1ojA] I J&2S Lo}
57] 9130 1-38W0A9] ofalieAbE AAT Bdo] HhAE met
Skl ol A W&t 1 EAE in vivost in vitroo| X T
spoick. Zdauo] TS HSRE GRS 2o o B
Aslo]| 71818t oY A S MR Sh= thgte] v]she] Y
Aol gk Hdo] 448 AL IsITh Al 9] in vitroo| 4 9]
P opyy EmSFo] vale] o 20%7} &4 A2 et
t}. o|ZA TaE A9 Ashs A wolo 23k EAI3 9ol A
dojt Z&o] 93t Aol Brks 714 9] B2 B YAHEY]
E20]42] o] Tl SAElolA] ekt Ao 2 Az,

2ol g

B AT 20100 % ARSI &R o) Ao ey
Aeke] 91 ok 3% AATIe] QH(NRF-2010-0011442)
= ofo ZA=F Y
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