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Purification, Characterization and Crystal Structure of Isoamylase from
Thermophilic Bacteria Rhodothermus marinus
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The isoamylase gene from Rhodothermus marinus was cloned into and expressed in Escherichia coli
Top 10. As a result of characterization of purified R. marinus isoamylase. the enzyme had an optimum
PH of 4.0 and optimum temperature of 70°C. Thermal inactivation studies of the purified R. marinus
isoamylase revealed the enzymatic activity to be uninfluenced after one hour incubation at 60°C. These
results suggest that R. marinus isoamylase has high thermostability. The crystallization and crystal
structure analysis of R. marinus isocamylase was performed. The three-dimensional structure at 1.9A
resolution was determined in complex with the panose. R. marinus isoamylase is composed of three
domains N, A and C, and, has a (f/a),-barrel in domain A. The secondary structural alignments of the
R. marinus isoamylase and P. amyloderamosa isoamylase was carried out. They have the four active-site
consensus regions characteristic of the a-amylase family. And the essential residue of the a-amylase
family (D359, E395, and D467) was conserved in these enzymes. R. marinus isoamylase has shorter loops
than P. amyloderamosa isoamylase. And R. marinus isoamylase had no Ca* binding site. These results
are thought to be factors of thermostability of R. marinus isoamylase.
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%72, pH 3.0~10050mMfEFi (7)) hroery v
RN TR Z-BERE Y, pH 3.0~1012FR# L 72
TR E VR 2 B CARBER O MR E 21T o 724G
T SOG pH 12 4 T P. amyloderamosa £ V7 35 —+%
EREE, BREMCORBESE N LA L 7 (Fig.
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R 2 50~100C T 0 ~6047H A > F 2 X— h £
DFRAFTEE 2 ME L7k R, P. amyloderamosa 17T
37 —FIF50T 60T TILBHZFE R IEEOIR TSR S 11
72DH L, ABEFIZ60C F TREEICHFET LI D
5, KEEFEIL P. amyloderamosa 17 I T —XIZHE~R
TIHFBICBABLEEREET LI EHP L (Fig
3).
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MEME AV 7 35— B0 XIREREEHNT 3

Wb~ 2742w o, Gk, Hik=v v, Hik~ o
v, bV N, THR=A, TFL VT IV
FEiR—F N v A, B TTFUVERT VR TL) BKE
FE1 ~5mMIiZ % 2 & 9 IR L iR MERE 2 17y, &1
WFZMZ Do 26 & L T ENZT RS E
SNSRI LT, FOEE, S5aMoiiA + > - 7H
RK—=Z2, 1Mo 77 B7 vE="7 L (P
amyloderamosa HF¥A V7 35 —BIEHEL 2 \67) 12
L OARBEZIIHES NS Z EADHIH L7z (Table 2). F

s v
! -

_
S

B N T

SDS-PAGE (12%) of fractions from the isoamylase
preparation.

Lanes M: molecular mass marker proteins, Lane 1: Crude
extract, Lane 2: Heat treatment, Lane 3: Ammonium
sulfate precipitation, Lane 4: DEAE-Toyopear! column,
Lane 5: Hydroxyapatite column. Protein was 10 #g in each
lane.

Fig. 1

Table 1 Purification of Isoamylase from R. marinus
Total
© . Volume Total Specific . Overall
enzymatic . . . Yield e L
Purification step .. activity Protein activity purification
activity
() (U/ml) (mg) (U/mg) (%) (fold)
Crude 135000 1220 2860 47 100 1
Heat treatment (80 °C) 151000 3020 573 264 112 5.61
Ammonium sulfate 107000 14400 148 719 79.1 15.3
DEAE-Toyopear!l 81200 14800 87.4 929 60.3 19.7
Hydroxyapatite 25900 21600 154 1690 19.2 35.8

Enzyme assay was performed by iodine method.
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Fig. 2 Effect of temperature and pH on enzyme activity.
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Table 2 Effects of various reagents on R. marinus isoamylase

activity
Reagent Final conc Inhibition
(mM) (%)
NaCl 5 175
KCl 5 23.1
MgCl, 5 131
CUSO4 ° 5Hzo 5 54.6
NiCl, 5 346
MnCl; - 4H:0 5 6.15
CaCl, 5 0
acarbose 5 92,3
EDTA 5 0
ammonium molybdate 1 100
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pH

Relative activity (%)

ot

(A) Enzyme activity was measured in a 2ml reaction mixture containing 1.8 ml Sodium citrate (pH 5.0), 0.1 ml 30 mM D-isoci-
trate and 0.1 ml enzyme solution at various temperatures. (l): R. marinus isoamylase, (()): P. amyloderamosa isoamylase.
(B) Enzyme activity was measured in the following buffer. ; 100mM Britton-Robinson buffer (pH 3-9). (@): R. marinus isoamy-

lase, (O): P. amyloderamosa isoamylase.

B —

Residual activity (%)
=

0 | |
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Fig. 3 Thermal inactivation of isoamylases.

B
80 \

o

S
/
/

Residual activity (%)
DO =
() o
—
/D/

N
o~

Time (min)

(0):30°C, (&):40°C, ([1): 50 °C, () 60 °C, (@): 70 °C, (a): 80 °C, (H): 85°C.

(A) Thermostability of R. marinus isoamylase.

(B) Thermostability of P. amyloderamosa isoamylase.
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wEnTw (Fig. 4).

R. marinus Bk A V7 I 7 —¥, P.amyloderamosa H
KAVTIT—EDINVF T IWVIEET I v AV M &
MATRAS # —/3— (http . //biunit.naist.jp/matras/
index.html) ZFIH L CTITo72. ZO#E, ABEERIL o

MEME AV 7 35— B0 XIREREEHN 5

TI7—=¥77 39 —IZHFEED 4 DOOHMAFHIE (Region

EHVHBIL 72,

1-4), 7VIF—¥ - -4 V73I5—Yoiumiy), 1
VT7IF—PEEOV—T (L4, LT7) PHEETLHS
F72, REFIIL4NV—T2I1ILD, L

— TDEEHPERNIZ P. amyloderamosa HFA VT 3

Table 3 Data Collection and Refinement Statistics
Native Native

Data collection No. of reflections test 2,894 (458)
Space group 1222 Rw (%) 21.2 (28.4)
Unit Cell dimensions (A) Rfree (%) 23.7 (32.7)
a 99.31 Rms deviation bond length (A) 0.007
b 126.53 Rms deviation Bond angle (°) 1.4

c 138.29 Ramachandran plot (%)
Wavelength (A) 1.000 Most favored 88.1
Resolution range 57-1.9 Additionally allowed 11.4
Observations 290,267 Generously allowed 0.5
Unique reflections 57,130 Disallowed 0
Completeness (%) 97.0 No. of protein atoms 5,640
Redundancy 5.1 No. of ligand atoms 23
1/s(1) 6.7 No. of solvent atoms 659
Rsym (%) 7.0 Average B for protein 314
Refinement Average B for ligand 50.0
Resolution range (A) 40.34-1.9(2.13-2.0) Average B for solvent 51.7
No. of reflections working 57,120 (8,814) Wilson B 285

Values in parentheses are for the highest resolution shell.

Rsym=2[I—<I>|/X1

Rano= T |<I+>—<[—>|/ T (<I+>+<[—>)
Rw= X|Fo|—|Fc|/ Z|Fo|, Rfree= X |[Fo|—|Fc|/ Z |Fo|

Domain A

Fig. 4 Overall structure of the R. marinus isoamylase with panose.

R. marinus isoamylase was composed of three domains N, A and C, and had a (a/ ﬁ)sfbarrel in domain A.

Panose |




6 MEERCF 8 &

T —=XIIHRTEL, v=7DO a—rhy FNEZ 5
T, ZOZLIIRBREOWMHMEO—RTH L LH 2
5n7e.

AEHRA VT I T—8, TVTF—YERBEED
WEFOREBO 7 I IR R & 1T - 7245 %, 6
A, FEEE (TVITF—E, AFT VTSR L
TROND, BEIHET S 2 LI L DR OMEZEL)
IZBED D TTEEMA S R IhD & LT, GO
DT X BRFREEDE IR S LT L 72B,

P. amyloderamosa 4 V7 IT7—FIZIE XA N&
FAA Y ADBEFRIZHNY T LA F UGS A N DA
TRIDPKRBEEETIIZDL ) B AN T T LA F ViEEY
A MIfFAEET (KSR A 4~ - HER OGRS R 2
5H DT EPURIEENT), P.amyloderamosa 1) T
RT—EDHANT T LA F VEEETA MY T L ERM
7Oy EOBUKEOE VT I FRERICER S
N, BKEOBWEELY L oTwiz, 202 L b ARREE
DMBEIEN—RNTH L LEZ LN

Rhodothermus marinus F2kA V7 I 7 — XY @& T%
FHARATETF A3 K pBX 2 ZH L, KIGH ToplOkk

24

B K R AR

"-‘-ﬁﬂB

FERRMTERE  Vol. 97

RBE R L, 159 5 172 M40 B fil i % 2 i (80°C,
10 min), 50% W%, A 4 > 3ctfih 7070~ b7
7 74— (DEAE- NI/ 8%—=)L), N FuFI 784 4
M TAr7av 7T T4 =1L CRBER ORI A 4T
o7z, KA ROMEME 21T o 72/ R, KEFEZOK
W SOSEEILT0C, pH 4 TH Y, F-AREFEIZ60T T
TR L COWMESNET T A2 L8,
Pseudomonas amvyloderamosa H¥A V7 3I7—¥ L)
LEWIHEAMZE T 25 2 EHVHIH L7z, REFEEZ O/ S
b - X BRAS A RS 18 IR AT 2 17 o 72 R, KR IE P
amyloderamosa WA V7 I 7 =X EEHEN KX A
YAFRALYCRALUDIOD R AL VSIS
NTCBY, %L (D359, E395, D467) 7 &gtk
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e G RENENE LLDEYA A s DS YAP G
FEMIAM : YEGCEEWGDDR FRRT FUERT TRegaT i TR LHRE F LTCEFVLEHISE Q! HAEVHERH --R : 222
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3 &
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oL oE M =} NY& G | R L G
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Fig. 5 Second structure alignment of the R. marinus isoamylase and P. amyloderamosa isoamylase.

RMIAM: R. marinus isoamylase, PSIAM: P. amyloderamosa isoamylase, [_|: amylase family highly conserved region, i _::

amylase specific loop, 4 active residue, <: concerned with

iso-
the induced fit.
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