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Characterization of Structure of Arginine Racemase, the Essential Enzyme
for Microorganism to Utilize p-Lysine as a Carbon Source

Daisuke MaTsur and Tadao Okawa
Department of Life Science and Biotechnology, Faculty of Chemistry, Materials and Bioengineering, Kansai University,
3-3-35 Yamate-Cho, Suita, Osaka-Fu 564-8680, Japan

Summary
We found that the single intramolecular disulfide bond between the cysteines C47 and C73 exists in the primary struc-
ture of arginine racemase (ArgR) from Pseudomonas taetrolens NBRC 3460, and this is the first example of a pyridoxal 5-phos-
phate (PLP)-dependent amino acid racemase that contains a disulfide bond. The thermal and pH profiles and the quaternary
structure of ArgR did not change when the disulfide bond of ArgR was disrupted by site-directed mutagenesis. The sub-
strate specificity and the overall structure changed when the disulfide bond of ArgR was disrupted by site-directed muta-

genesis. The total activity of ArgR decreased when the disulfide bond of ArgR was disrupted by site-directed mutagenesis

before the protein was matured or when ArgR was expressed in the cytoplasm. Based on these results, the disulfide bond

of ArgR is probably essential for ArgR to fold and mature as an amino acid racemase with a broad substrate specificity.
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Fig.1 MALDI-TOF Mass spectra of ArgR. The acquired profiles were focused on mass ranges from a) 830 to 885, b) 3,025 to 3,225 and
c) 3900 to 4,500. The purified ArgR was exposed to either i) reduction with dithiothreitol and S-alkylation with iodoacetamide
(reduction + S-alkylation), ii) S-alkylation with iodoacetamide (S-alkylation), or iii) no treatment. Arrows and numerical values indi-
cate specific peptide peaks and observed masses, respectively.




Table 1 Theoretical and observed monoisotopic mass values for tryptic digestes of ArgR

Observed mass value

Mass value  Position MC Peptide sequence (@) () (0) @) ®) (©)
4,308.14 215-254 0 ITLHAANSFATLEVPESHLDMVRPGGALFGDTVPSHTEYK  4,309.21
3,184.56 52 -83 0 ADAYGHGIGLLMPSVIAMGVPCVGVASNEEAR 3,184.15 N.D.
3,145.57 353 - 381 0 AEITQAEIEDINGALLADLYTVWGNSNPK 3,144.56
2,908.46 99-125 0 TAALSELEAALPYNMEELVGNLDFAVK 2,909.21
2,785.35 1-26 0 APPLSMTDGVAQVNTQDSNAWVEINK 2,784.60
2,616.37 126-150 0 ASLIAEDHGRPLVVHLGLNSSGMSR 2,616.97
2,033.00 196-212 0 AFNQQAQWLMNVAQLDR 2,033.71
1,834.89 323-339 0 VSMNTLMVDVTDAPDVK N. D.
1,645.80 177 - 191 0 AIMTHFAVEDAADVR 1,646.38
1,428.71 289 - 301 0 LANITVGYSDGYR 1,429.23
1,372.69 340-352 0 SGDEVVLFGHQGK 1,373.14
1,188.60 261 -271 0 SHVASVNSYPK 1,188.94
1,149.53 151 - 161 0 NGVDMTTAQGR 1,149.64
978.58 308-316 0 GIVLINGHR 978.64
957.49 27 - 34 0 AAFEHNIR 957.70
902.53 35-43 0 TLQTALAGK 902.67
861.49 44 - 51 0 SQICAVLK 861.20 N.D.
826.48 170-176 0 VPNLEVR 826.59
823.41 272-279 0 GNTVGYGR N.D.
717.41 163-169 0 DAVAITK N. D.
710.38 280-285 0 TYTLGR 710.33
652.35 256-260 O VMQFK 652.29
598.39 317-322 0 VPVVGK N. D.
586.37 92 - 96 0 GQLIR 598.00
580.31 303-307 0 AFTNK 586.32
567.28 87 - 91 0 ESGFK N.D.

MC, number of missed cleavages;
(a) (b) (c) stand for the sample conditions in Detection of a disulfide bond in ArgR by MALDI-TOF MS.
ND, Not detected.

Table 2 Theoretical and observed mass values for disulfide-linked peptides

Mass value Position MC Modification Peptide sequence Modified mass value Observed mass value
3,184.56 52-83 0 ADAYGHGIGLLMPSVIAMGVPCVGVASNEEAR
Disulfide bond: 47 - 73 i 4,043.04 4,048.01
861.49 44-51 0 SQICAVLK

MC, number of missed cleavages;
Disulfide linkages are indicated by lines.
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Fig. 2 Comparison of the expression levels of C47A/C73A-ArgR and ArgR.
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Table 3 Substrate specificities

Oxidized ArgR Reduced ArgR C47A/C73A-ArgR
Substrate S.A. (U/mg) R.A. (%) S.A. (U/mg) R.A. (%) S.A. (U/mg) RA. (%)
L-Arginine 1510 * 104 100 1510 =54 100 1,140 = 132 100
L-Lysine 1570 =98 104 1,560 = 10.3 103 1,170 = 11.1 103
L-Ornithine 660 = 3.2 44 641 + 83 42 501 * 83 44
L-Alanine 177 + 62 12 161 + 42 11 280 = 3.1 25
D-Arginine 1490 + 184 100 1500 + 124 100 1,100 += 204 100
D-Lysine 1540 = 215 103 1,550 + 132 103 1,150 = 18.3 105
D-Ornithine 626 + 6.8 42 611 + 53 41 490 + 132 45
D-Alanine 168 + 52 11 160 + 4.0 11 291 * 54 26
Reported values are means = SD (n=3).
S.A., Specific activity; R.A., Relative activity.
Table 4 Kinetic constants (kea, Kn and kear/Km)
ArgR C47ALCT3A-ArgR
Substrate ke (s71) K, (mM) Ro/K,, (s TmM1) Ry (s K, (mM) ke/K,, (s TmM 1)
Lysine L-form 109 £ 51 236 =042 462 =81 849 =+ 21 179 =001 474 =03
D-form 104 =43 238 =052 437 +52 817 *13 1.81 =+ 0.02 451 =11
Arginine L-form 119 = 38 117 = 001 101 =30 935 *19 101 =+ 0.02 926 =10
D-form 119 + 02 124 =04 9.0 = 05 946 =21 1.00 =01 946 =+ 091
Ornithine L-form 877 £ 05 374 =08 234 =41 688 =+ 0.02 301 = 0.04 229 =004
D-form 833 £ 03 362 =12 230 =17 675 * 003 306 = 0.03 221 =+ 0.02
Alanine L-form 241 =001 157 =02 015 =+ 0.05 629 =03 845 = 001 074 =03
D-form 262 + 004 150 +0.1 017 =001 681 = 04 882 +02 077 =02

Reported values are means * SD (n=3).
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Fig. 3 Stern-Volmer plot for C47A/C73A-ArgR and ArgR.
@ : ArgR; O: ArgR under reduced conditions; & : C47A/C73A-ArgR.
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