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ABSTRACT: This study was carried out to analyze the differences in enzyme activity and stability between the native Fe superoxide
dismutase (FeSOD) and the 6xHis-tagged superoxide dismutase (6xHis-FeSOD) of Streptomyces subrutilus P5. The optimum pHs for
both native FeSOD and 6xHis-FeSOD were 7, while the pH range of the activity was narrower for the 6xHis-FeSOD. The native FeSOD was
stable at pH 4-9, but the 6xHis-FeSOD lost its stability at pH > 9. The temperatures of the optimum activities were same for both types of
enzymes. However, the heat stability of the é6xHis-FeSOD was clearly decreased; even at 20°C the enzyme lost the activity after 360 min.
In contrast, the native FeSOD was stable after 720 min at below 40°C. H;0; inhibition was occurred already at 0.5 mM for the
6xHis-tagged enzyme. Therefore, from the results that the 6xHis-FeSOD retained the enzyme activity at pH 6-7 and 20-40°C, it can be
assumed that the protein structure became destabilized under different storage conditions and sensitive to the enzyme inhibitor.
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2001). ©] FeSOD<E Escherichia colio| 4] N-tt 6xHis-el| 7L
7} B2 A 23} FeSOD (6xHis-FeSOD) © & ¥ A| 7| H &
2B o] FAIEHA E. coli®] & Aol T7HEHAL Halk
ArKKim ef al., 2014). o] AI= E. colio|A] AAHE S
subrutilus P52] 6xHis-FeSOD7} @ 9= &2 A|ASI=
o] 0|8 = U5 HolF=aL Ik 6xHis-Bf “L= A 23
S G ASH] Ht ek e 2 d e ARGE AL Itk BE2-6
7He] S| A H X717} el o) N-ihed = C-eho] A2
) Ae) 2 Ao} xHis- Bl 17h RabE e g4al
3 A=utE I (IMAC)E B3t 2 = &47
A 4= k. oxHis-e) 1 o) 20} Aol S
o FFFS HAA vkl dEA e (Carson et al.,
2007), 1HA] S AL wo] B 1 E o] It Chant ef al.,
2005). S. subrutilus P5 2] 6xHis-FeSODE £+ A| A of| &
st7] YeliA= o] Aao| oMol Ao m gtk uf
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B S| M= S subrutilus P57} RYAFSE A 32 Q) 2 EH)
¥ 191 FeSODQ}E. coliol| A A4 6xHis-FeSOD 2] 242

1810 xHis-B| 17} f4:0] AT} QLA Ao 0] A
ok 17 sheirh
e‘?é% 3l S. subrutilus P55 yeast extract-malt extract
(YEME, ISP No. 2) g ] of| A At ul &F5}+5132(30°C, 10
o), && Wi g2 &= YEME a0 A At ==Y
FEHS o] B2 A 20% (wiv) SEA1IE &4l Eo1A
-20°Co] Hakstm] 5H 0 2 ARSIt A DNAE ==
Sh= AAIE 27] EA=34% (Wiv) Q] R AT 7
YEME ujjoFolof A 30°C, 200 rpm O 2 27} vjoksich
SOD 9] Z 21} HH-S- QI8 A= E. coli IM109 (Promega) 2}
E. coliM15 [pREP4] (Qiagen)S LBoJ| A Z+2}F200 rpm, 37°C
of| A oF 18A17F uj &5t let. E 2 ofl whekA] ampicillin (100
Hg/ml)o]it kanamyein (25 pg/ml)= H7F5F3A ek PCR 4H= 2]
2292 934 pGEM-T easy H E|(Promega)E& AME-3}%
11, 6xHis-SODE 2+ A 7] 7] €] 8} A1 = pQE30 (Qiagen)S A}
Lokt

S. subrutilus P52] A *] DNA+ guanidium thiocyanate,
EDTA, lauroyl sarcosine©] 3E3HE] A E-83)] A]oFS Al-&-5}0]
&899 ti(Pitcher et al., 1989).

S. subrutilus P57} 2JAF8E A 3E.9] FeSOD= 5¢ EoF ujjok
%l YEME v ¢fol © 2 R A5t ek vl of) Ha A 7Fs)
o] AAE 22 0.1 M EDTAZ} 471 Tris-Cl (50 mM,
pH 7.2)0] =21 th3 412 F3l EDTAS} -2 A A 5lo] 4
A=l FeSODE &2 4= 912137 SDS polyacrylamide gel 27|
AEo A G HIEE SIS tHKim et al., 2014).

6xHis-FeSODE AJ4ks7] Yl Al S. subrutilus P52 77
A DNAE F£3 © 2 AF8-5PCRE £ A sodF S-AAS A
9 THGenBank KF826799). AH}aF Zeto|n = 5'-GGATCC
GCCATCTACACGCTTC-3 0|11 &ulek Zalojm= 5'-AA
GCTTGCCCTTGACGGGGAT-3"0]¢)t}. PCR-& 30 cycle 4=
HE| =t 27] WA(95°C, 58, HA(95°C, 18), Zejo]m
FA(68°C, 142), 417(72°C, l—f), FF AAN(72°C, 108) <=
© 2 2133 = Uk A4 F PCR AH=3 pQE30 (Qiagen)ofl 44!
sto] WAA|Zich 6xHis-FeSOD= A|23]ALS] Wl o whet
Ni-NTA A2} o]m|t}Z Feui S o] 83t viwAd =2
A A =] 2121 SDS polyacrylamide gel A7] G50 A &
W= 7} ZA1EHS BH15H A tHKim ef al., 2014).

FeSOD & &4 A2 91314 12% polyacrylamide gel H]H
A A7) =2 A A]8}a1 0.2% nitroblue tetrazolium -8-2Hof] &

11.30°Col| A 3027F X3} T & N, N, N', N'-tetramethy-
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Q1ehehE-8-9 (50 mM, pH 7.2)0]l H & 2 A A &5
A gelo] SOD AR EE A @] skarL J7gsHA FEH & UE
W o 71R] 35S 2 oJFEIt(Beauchamp and Fridovich, 1971).
Zaof webA ohEat o] pHeF 25 HIIA| 7] A G4
SHSIT]. 214 pH H-42- 915 T4 A 50mM 1Ak 958
H(pH 7.2)2]o] 50 mM ZAF &=8-9%(pH 4.22} pH 5.2), 50
mM MES (pH 6.2), 50 mM TE (pH 8.2), 50 mM 5-AF £+5=-8-oH
(PH 9.2} pH 10.2)& AL4-5}91c}. 49| pH Q4L 2%
sl7] 13l A I M A58 (pH 4.29}5.2), | MMES
(pH 6.2), 1 M HEPPSO (pH 8.2), 1 M 22]Al(pH 9.8) 1 M QA4
2HZ-8-M(pH 11)0] 30+ 52t H A7t 5 flollA] 7]
of whet 2 S A AISHITE

AL A4S fl8l S FM A9 2525 20°C, 30°C,
40°C, 50°C, 60°C 2 F-A|o}4 ) 3t G40 & A4S =
ALEE7] Al B A NS 7H2Fo] 2T of| A 304, 604, 90
2, 3604, 7207 59 WA g % Qlof] 7]t W of whet &
S A EFH T

H20,9] FeSOD &/ ﬂlﬂ Al s=s 574571 Hlsko

Hz
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Tl GAlE Fste] foixl A FeSODE} 6xHis-FeSOD
2wy 2A0E A7) AEsE BAANE AN 23
B2 S e 28 gelg 4 ckFig 1). 6xHis-
FeSOD7} 211 FeSOD R} ]%0] 917t o] 242 32
€51 21719 21 ¥ U8 £ o o] Wl v ATl
702 A7HEICE 24 Alo] AEl 202 WobHis-8) 17}
Shl o] 2h4do] u] Az o] 2% btk o) e} xne}
UR|S= A o2 AYZF=E H(Carson ef al., 2007; Panek et al.,
2013).

6xHis-FeSOD—

«—Native FeSOD

Fig. 1. Activity staining of 6xHis- and native FeSOD on native polyacrylamide
gel. Native gel electrophoresis was carried out using 12% polacrylamide
slab gel. The enzyme bands were visualized by a negative staining through
photochromatic reactions using nitroblue tetrazoilum and riboflavin
(Beauchamp and Fridovich, 1971).
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Fig. 2. Effects of pH on the activity of the native- and 6xHis-FeSOD. The
buffers used for optimal pH determination were acetate (50 mM, pH 4.2 and
5.2), MES (50 mM, pH 6.2), phosphate (50 mM, pH 7.2), TE (50 mM, pH
8.2), and borate (50 mM, pH 9.2 and 10.2), respectively.

Native FeSOD
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6xHis-FeSOD

IE==EII
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Fig. 3. The pH stability of the native- and 6xHis-FeSOD. The buffers used
for pH stability were acetate (1 M, pH 4.2 and 5.2), MES (1 M, pH 6.2),
phosphate (1 M, pH 7.2), HEPPSO (1 M, pH 8.2), and glycine (1 M, pH 9.8),
phosphate (1 M, pH 11.0), respectively. The polyacrylamide gels were
soaked into the appropriate buffers for 30 m before the activity staining
procedure.

n e A As2Y A2E

3t @ 9lo] Echar & A Iti(Sato and Releigh, 2002). &4~
ol pH Q1S Z7417] 913 217 T pHe] ekl &
225 3027 A8 7 579 FeSOD7} == A pHof| A
S FAISHAINE A pHoll A= Al = Afeleh A
E 29tk =pH 901]/\‘] Z A-FeSOD2}= 2] 6xHis-FeSOD
L obg AL A B THFig. 3). His-E Lof| o] afA] thal 2 o]
%“é%%ZIEIHE}E Halo] W] Y-S AHTE BA
2 E35}to] ¥ %31 QJti(Zhao et al., 2015). o] 2] &k Thal A 3

2} 2.9 vl A Wk 9] obu] 1Al 17]9] 257 pKa
£ HISHA| 7] 0L o= A MBI A 2= T2 o] b Aol
3 &S u]@ A o|tk(Sato and Raleigh, 2002). 12|11 =&
pHOlA F&0] 28] B4 5-9] WollA 2] 7]s1et2] v & 1]
AISHA| HSIA A B0l & Fe= Aoz dejA flens
(Miller, 2004) 6xHis-FeSOD 2] 32} L= A ¢ FeSOD 2} E]'
= 5= Q1AL 11 FFo] G e B oA EESHA e

A FeSODQP 6xHis-FeSOD 9] & &%= 21
7] 2 L oA B G NE AN S AT F & El,:_z(), 30
A 40°Cof| A B/d& H L 30°Cof|A] 71 73t 24
tHFig. 4). 249 A 543 21} H A FeSOD 9| 7
©20-60°Co|| 4] 90 E-7}17] EH4 %%z]s 9111.40°C o] 3}o]|A]
L7208 7HA] QAL SR 5= 2 e th(Figs. 5 and
6). ¥ of 6xHis-FeSOD+= 50°C77]-X]—‘5 :jﬁ FeSOD2} 79k
A|RE60°Co A 902 o] A e 789 /4 el Al &
ko 360+ o) WA 7 - o] =tol A AARE HE 2=
£ 4= Q) th(Figs. 7 and 8). 6xHis-E}f
+ b o b e R Bt o |

filo
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Fig. 4. Effects of temperature on the activity of the native- and
6xHis-FeSOD. The temperature was kept constant at 20, 30, 40, 50, or
60°C during the color development after riboflavin treatment.
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7ro] AR aligol uheh Tl A o) thegA| = Ealj = H A d
of tf gk bg /o] Wobx]i= Al o] 1% ¢ltKvan Gelder et al.,
1996; Zhao et al., 2015).

FeSODo| gt H,0,9] A atg 41817 $fsf v
7196 = 3 3ol et 5= 0.5 3087 A gt &
B QS A A5 EE A FeSOD= 0.1 mMT}0.5 mM o]
A 244 B2l vh 5 mMojlAl= &4 Holx] ¢korar
6xHis-FeSOD= 0.1 mMoj| A9t 248 LHebd] QlthFig. 9).
FeSOD7} -2 ‘5% o] H,0,°] 2|3l A == 212 & g

30 min

20°C 30°C 40°C 50°C 60°C
60 min

20°C 30°C 40°C 50°C 60°C

90 min

20°C 30°C 40°C 50°C 60°C

Hg. 5. The heat stability of the native FeSOD (30-90 min). The polyac-
rylamide gels were incubated for different times at constant temperatures
indicated in this figure before the color development procedure.
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20°C 30°C 40°C 50°C 60°C
720 min

20°C 30°C 40°C 50°C 60°C

Fig. 6. The heat stability of the native FeSOD (360-720 min).
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SZFREN 2], Bl 24 |3 A ET U EQ IS 4
shopar gk o] o HyO,9} Fe o] Whg-0] 3| AW 7] E= E
HE Z7|E g =lo] AAa7E B IckDesai and Sivakami,
2007).
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Fig. 7. The heat stability of the 6xHis-FeSOD (30-90 min).

360 min
20°C 30°C 40°C 50°C 60°C
720 min

20°C 30°C 40°C 50°C 60°C

Fig. 8. The heat stability of the 6xHis-FeSOD (360~720 min).
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Native FeSOD

0.1 mM 0.5 mM 5 mM
6xHis-FeSOD
0.1 mM 0.5 mM 5mM

Fig. 9. The effect of H;O, on native- and 6xHis-FeSOD. The poly-
acrylamide gels were treated with H,O- (0.1, 0.5, and 5 mM, respectively)
before the activity staining procedure.
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