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Enzymatic Properties of Barley a-Amylase Chimeric Enzymes Produced by Staggered Extension Pro-
cess. Kim, Tae-Jip'*, Seung-Ho Choi!, Myoung-Uoon Jang!, Jung-Mi Park!, and Birte Svensson.
'Department of Food Science and Technology, Chungbuk National University, Cheongju 361-763, Korea,
“Department of Systems Biology, Technical University of Denmark, DK-2800 Kgs. Lyngby, Denmark — Barley
malt produces two different a-amylase isozymes (AMY1 and AMY?2), which share up to 80% of amino acid
sequence identity with each other. However, their enzymatic properties differ remarkably. In this study, five
chimeric enzymes between AMY1 and 2 were constructed by staggered extension process (StEP) technique,
and their enzymatic properties were characterized. According to the results, chimeric AMY-D2, DS, and E12
showed the mixed or intermediate types of calcium-dependent activity between AMY1 and 2. Meanwhile,
only AMY-E10 chimera could be significantly inhibited by barley a-amylase/subtilisin inhibitor (BASI) pro-
tein. Chimera AMY-C6 showed the same calcium-dependency as AMY 1, while AMY-E10 was closely similar
to AMY2. As a result, it can be proposed that some amino acid residues in the region II, III, and IV of barley
a-amylases can play very important roles in the interaction with BASI, and those in III, V, VI, and VII may
partly affect on the calcium-dependent activity.
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Fig. 1. Comparison of the primary structures of barley o-amylase isozymes, AMY] and AMY2. The amino acid residues not identical
between isozymes were indicated by the asterisks (*) between amino acid sequences.
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Z47ke] chimera EAES 54 AAIZ Fol] B4 S &
Asled A3 vl

Chimera 42| 8% Z#H

AT AMY 1 AMY2:= 5312 2lelo 23 4
Al FHEEEY, AMY 1S 4.7~4.92] Y SAHH S 7R =
vbd, AMY2E 5.9~6.19] =2 SAAS 7R3, 11, 18]
H AFol|r= AAE 7 chimera £4F IEF A7|9d5H2

Table 1. Primary structures of various barley o-amylase
chimeras used in this study.

Chimeras Primary structures of chimeras in detail |

AMY111122  1(1~318) : 11 (319~403)
AMY122212 1(1~90) : 11 (91~318) : 1 (319~414)

AMY-C6  1(1~205): 11 (206~239) :  (240~318) : II (319~403)

AMY-D2  1(1~239): 11 (240~264) : 1 (265~318) : II (319~403)

AMY-D8  1(1~160): 11 (161~205) : I (206~318) : IT (319~403)

AMY-E10  1(1~90): I (91~239) : I (240~295) : IT (296~318) :
1(319~414)

AMY-E12  1(1~264): 11 (265~318) : 1 (319~414)

'Roman numbers, I and 11, indicate the amino acid residues from
AMY1 and AMY2, respectively. Numbers in parentheses corre-
spond to the amino acid residues of AMYs.

Both reference chimera amylases were previously reported by
Bozonnet et al. [2].
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/
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Fig. 2. Construction of barley o-amylase chimeric enzymes by
using StEP technique. Domain A, B, and C correspond to those
found in three-dimensional structures. PCR-amplified AMY gene
derivatives were cloned between BamHI and EcoRI restriction
enzyme sites of pPIC3K. Chimeras shown with asterisks (*) were
previously reported by Bozonnet et al. [2] and compared with
mutants newly constructed in this study.
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Fig. 3. Determination of isoelectric point (pI) of barley a-amy-
lase chimeras by isoelectric focusing (IEF) and activity stain-
ing toward 2% soluble starch substrate. The IEF separation was
performed by using Fast Protein Liquid Chromatography system
with PhastGel (pl 4~6.5).
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Fig. 4. Calcium-dependent activity of AMY1, AMY2, and their
chimeras on insoluble blue starch substrate. Relative activity of
AMYs was compared with increase of CaCl, concentration. The
calcium ion concentration at X-axis is demonstrated by using the
logarithmic scale. O, AMY1; B, AMY-C6; A, AMY-D2; A,
AMY-E12; (0, AMY-D8; v, AMY-E10; @, AMY2.
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Table 2. Comparison and categorization of various barley o-amylase chimeric enzymes on the basis of their enzymatic

characteristics.
. Specific activit; Optimal CaCl Relative activity (%

Chimeras ’ (U/mg)' ’ ’ mM) at 0.1 mM CayC(lz) Pl Type”
AMY1 1493 0.1 100.0 4.8~5.1 I
AMY111123 1260 0.5 99.4 4.7 I
AMY-C6 1009 0.5 97.0 4.8 I
AMY-D2 861 5.0 91.2 4.9 M
AMY-DS8 3333 5.0 78.2 4.9 M
AMY-E10 1824 10.0 47.4 5.7 1T
AMY-E12 1429 7.5 81.6 4.9~5.1 M
AMY 122213 1536 15.0 34.8 5.8 1
AMY2 2387 15.0 41.0 5.8 I

'Specific activity of chimeras was determined by using insoluble blue starch assay in the presence of 5 mM of CaCl,.
2All chimeras are categorized into three different groups of I (AMY I-type), Il (AMY2-type), and M (mixed type between AMY1 and 2).
3Both reference chimera amylases were previously reported by Bozonnet et al. [2].
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EI2 chimera £4-2] 7%, AMY13} AMY29] F7H4 24
o]EA S Hgl e, BASI(barley o-amylase/subtilisin inhi-
bitor) T Aol 23t A &= AMY-E10 EAojAqt 2
Z= ek I AMY-C62] 735, AMY 13 FARE E45
e Bgom AMY-EI0 AMY2 el ZgoEAS
et mheba Hel opdebA| o] A 1L 1L IVE-$17}
BASI®}E] AF5 a8 Fa3 J&E @, A 111, V,
VI, VIFF-$1= Ze]EAel 7859l 3 v = e

= Brsioler.
ZAtel 2

SPR #-Aof] =8-S 5 Carlsberg Laboratory2] Peter K.
Nielsendt bl Al ZRARe] S8 Ao} o] 2 20054
AR @S eT)e] Aoz AT RG9S
o} )% AT(KRF-2005-521-F00055) ZZF3iv]c}.
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