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Substrate Variety of a Non-metal Dependent Tagatose-6-phosphate Isomerase from Staphylococcus
aureus. Oh, Deok-Kun!, Eun-Soo Ji, Young-Deok Kwon, Hye-Jung Kim!, and Pil Kim*. Major in Bio-
technology, The Catholic University of Korea, Bucheon 420-743, ' Department of Bioscience and Biotechnology,
Sejong University, Seoul 143-747, Korea — To investigate the substrate variety of a putative non-metal depen-
dent isomerase, the tagatose-6-phosphate isomerase (E.C. 5.3.1.26) structural genes (lacB; 510bp and lacA4;
430bp) of Staphylococcus aureus were subcloned and co-expressed. Based on the substrate configuration, var-
ious aldoses were surveyed for substrate of ketose isomerization. Among the 10 aldoses tested, D-ribose and
D-allose were isomerized by the enzyme. The subunit A and B showed more than 95% activity for D-ribose
and 75% for D-allose in the presence of ImM EDTA compared with non-EDTA conditions, which implying
tagatose-6-phosphate isomerase is a non-metal dependent isomerase. Each of subunit A or subunit B alone
showed no activity for any of the substrates tested. The affinity constant (K.,) of tagatose-6-phosphate
isomerase against D-ribose and D-allose were 26 mM and 142 mM, respectively.
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Fig. 1. Comparison of Embden-Meyerhof pathway and taga-
tose-6-phosphate pathway. Abbreviation: Gal-6P (galactose-6-
phosphate), Tag-6P (tagatose-6-phosphate), TDP (tagatose diphos-
phate), Glc-6P (glucose-6-phosphate), Fru-6P (fructose-6-phos-
phate), FDP (fructose diphosphate), DHAP (dihydroxyacetone
phosphate), GAP (glyceraldehydes-3-phosphate).
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Table 1. Olgonucleotides and plasmids.

Staphylococcus aureus N315(KCTC 1621)Z PCR base
subclonedte] WA E = EAv) v G454 o]t EAY S
Fels) Bar, FAlell HlFSA o] dstEAAT vl Fel
aldose-ketose %1 3ko] 715312]9] JHE oJa|E£Fo) 7]AS
AHgslel Bz uke R aslad g,

R

oF H K|

Eetn| 2 AlE2E QlsiME Escherichia coli DH5aZ A}
|39, Al2E Fefar|EoM HEE e b gars
8ME E coli BL2ZI(DE3) TF5 AME-3ldc}h. TPI9] A
subunit?} B subunit®] &S FE87] S A¢AAt
718] Tl isopropyl-B-D-thiogalactopyranoside (IPTG)S
0.5 mM7} E=5 Arsisict. 283 A9l E coli7} A
A5 LB wiRlell ampicilling 50 pg/mle] HE2 H7}5)e]
AHE X316 Staphylococcus aureus(KCTC 1621)=
Trypticase-Soy broth(Brcton-Dickinson, Cockeyville, MD)
W]l 37°C, 250 rpme] AR okt F A 3
=2 92 ARE AMgale.

DNA2t E2tA0|=

TPI®] & FAAE(lacBS} lacA) e S. aureus 31 A)
(GenBank code: NC_002745)8 822 3sle] PCR =3}
% pTrc99A HEol| 322 subcloning 3o pTre-lacA
9} pTre-lacBE 242 AlZ8l9 ). Z=k2n = pTrc-lacAB2
AZ2E AMME lacd®) 3° DD lacBe] 5° Tt Aold]
£ AGGA M dE ZT 13bpe] HREFAFES (1bs)9}
6bpe] AFEAF-NE Hrlsle] 5Y Z2RE|RZHE] T4
Wdo] x5 A ¢ vi(Table 1). Subunit AS $] 3t
oligonucleotides= 5’-CCA TGG CGA TTA TTA TTG
GTT CAG ATG AAG-3’(Ncol site H&)3} 5°-GAG CTC

Oligonucleotides

and Plasmids Description

Comments

lacA forward
lacA backward

lack forward AGG ATG CGA CCA-3’

5’-CCA TGG CGA TTA TTA TTG GTT CAG ATG AAG-3’
5’-GAG CTC TTA GCA CAT TTT ATT AAG CAT ATC TAC-3’
5’-GAG CTC AGG AGG AAC AGA CAT GAA GAT TGC ATT

Ncol site: underline, Start codon: bold

Sacl site: underline, Stop codon: bold

Sacl site: underline, Start codon: bold, Ribo-
some binding site is 7 bp after start codon.

lacB backward 5’-CCC GGG TTA ATC GTG GTA TTC GCC TCT GTC CC-3’ Smal site: underline, Stop codon: bold
pCRII PCR cloning vector with A-overhang, Amp" Invitrogen Co.
pTrc99A IPTG inducible expression vector, Amp" AP biotech Co.
Vector containing the Ncol-Sacl digestion product of lac4 gene .
pTre-lacA derived from pTrc99A This study
Vector containing the Sacl-Smal digestion product of lacB gene .
pTrc-lacB derived from pTrc99A This study
pTrc-lacAB Vector containing the Sacl-Smal digestion product of lacB gene This study

derived from pTrc-lacA
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TTA GCA CAT TTT ATT AAG CAT ATC TAC-3’(SaCI
site WE)S 22310}, Subunit BE $138}F oligonucleotides
= 5-GAG CTC AGG AGG AAC AGA CAT GAA
GAT TGC ATT AGG ATG CGA CCA-3’(Sacl site 2 Z)
7} 5°-CCC GGG TTA ATC GTG GTA TTC GCC TCT
GTC CC-3’ (Smal site B2y AMslAeh F $579 PCR
AVE-E(lacB; 510bp; lacd; 430 bp)}E z+7 pCRII
(Invitrogen, Carlsbad, CA) HEjel]l A AFsisted 74z
pCRIl-lacA2} pCRIl-lacBE- A &3t F o & WE2HE 7}
7] Neol-Sacl digestion product(lac4, 430 bp)et Sacl-
Smal digestion product(lacB, 510 bp)E AA|3}e] ThA| &
HL4 59 pTre99A M EIE subcloningdt Tk pTrc99A-
lacABE pTrc99A-lacA$} lacB digestion product(pCRII-
lacB 52l Sacl-Smal A%+E 510 bp 22HE ANZ2F s} A
Z3l5iv. A3 W EEe ‘“—"451:‘5'- Fig. 2ol A3l
DNA Z3k2 Al 7148 ARS8, QIAEX 11 gel
extraction kit(Qiagen, Germantown, MD)E A-8-3}eq agarose
gel2HE12] DNA FHAAZ —’[\—33?'5}‘}&1:} Oligonucleotides
= Bioneer Co.(Taejon, KoreayllAl = A|2}8131 3L, DNA
sequencingS- Macrogen Co.(Seoul, Korea)oﬂ/ﬂ Fjsledc).

Saolof Fd| A R—l—Eg £3

pTre-lacA, pTre-lacB, 3 pTre-lacABE 3813 Sl
E. coli BL21(DE3)Z *]—%3]-04 TPI subunit A, subunit B,
218} subunit A-BE LAY F 54 FAE H%
ANE 2 AM-sed ol Ampicillin 50 pg/mls EF3IL e
LB Hx]ellA 2548371 ol A2 E. coli BL21(DE3)
M ZEo]) o shed IPTGE— 0.5 mM7} H=F H7Ie 2y
TP Zt subumt-/] ukgl e e w3lelc) 2471 R EHAS
A% o gyyels B FEHT, 2810 A
o] & 50 mM Tr1s—HCl buffer(pH 8.2)¢l A &=tslic), o
gy MxEE= g8 WolA 4 Watt, 657t sonication(sonics

pTrc99A —|

trc promoter |

& materials inc., Newtown, CT, USA)S 53 I}&jsk &,
A EelE Za) AFsuS e 5 Al A8l
Tl =52 Protein Assay kit(BioRad, Lajolla, CAYE
ALgsle] BSAS RFEEAE Al

TPH NGRS ZA1P] 18 o217k F52l aldose

NAR ARG 8471 4 30 phs AR &=

Lﬁﬂ 15 pl¢} aldose 7]AFH 3 pmole 2 50 mM Trls-
HCI (pH 8.2)1 o} AM83lgich. AR aldose 71AFH=
D-glucose, D-galactose, D-xylose, D-mannose, D-allose, D—
fucose, D-ribose, and L-arabinose, D-arabinose, L-ribose
Aot MEEA A EALS FsP] HeirE wEYel
| mM EDTAS A7hstod 38 9k %32 wlasisi.

Fao] BL o) ABhES F FAD 7 ketoseS kst
o] EAalic). FAE ketose2] ATl cystein-carbazole
W51 ALgste] WAE ¥ multi-plate 33 5A2 A%
3}glt}. D-glucose, D-galactose, D-ribose, D-xylose, D-
allose ¥ L-arabinose 2] ©]Ad3Hk-8- A2 A5 ketose
AFE ﬂzﬂ FFEA 2= 7247}t D-fructose, D-tagatose, D-
ribulose, D-xylulose, D-psicose, & D-ribulosed A}-8-3}%1
t}. D-mannose and D-fucose®] oA 3HHs- F9] ketose 3
FEAZE D-fructose?} D-tagatoseZ 3 ketose Al Ak
L3loiv}.
gy 9 o3

TPio] 7| CiekA

Tagatose-6-phosphate 25 2= Staphylococcus aureus
°} TPI subunit A, B, 28X A & BE 77} thAtel A
wasl & A E shf i EAUY0R 3o ofFria] I
F aldose ol D3k o] 3MES- Eolloi 5 ZAISISIT). o]
7} aldose®] 27]% %X 100 mMeo] X, pH 8.2, 37°Cel| A
uhe-8 AaPalgiet. uhg-e] #aA ol wel 2t 7)AHE vk

pTrc-lacA —r trc promoter lacA
Nco | Sac/
pTrc-lacB ——-I trc promoter rbs I lacB
Sac | Smal
pTrc-IacAB-—f trc promoter lacA rbs I lacB
Nco | Sac! Smal

Fig. 2. Structure of expression plasmids pTre-lacA, pTrc-lacB, and pTre-lacAB.
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Table 2. Substrate variety of TPI from Staphylococcus aureus.
Substrate Gal Ara Fuc Rib Gle Xyl Man All D-Ara L-Rib
(PS, RT) (Tag, 150) (Rbu, 40) (Tag, 150) (Rbu, 10) (Fru, 150) (Xlu,40) (Fru, 150) (Psi, 10) (Rbu, 150) (Rbu, 150)
Control 0.1 11.0 0.0 0.4 0.7 3.0 0.0 1.5 0.2 0.2
Subunit A 0.1 52 0.3 0.8 0.4 1.3 0.2 0.5 0.2 0.1
Subunit B 0.2 3.8 0.4 0.1 0.6 0.0 0.3 0.8 0.1 0.0
Subunit A & B 0.6 144 1.1 347.8 0.4 10.1 0.5 94.8 0.7 0.5

Abbreviations: PS (standard to estimate product); RT (reaction time in min); Gal (D-galactose); Ara (L-arabinose); Fuc (D-fucose); Rib (D-
ribose); Glc (D-glucose); Xyl (D-xylose); Man (D-mannose); All (D-allose); D-Ara (D-arabinose); L-Rib (L-ribose); Tag (D-tagatose); Rbu

(D-ribulose); Fru (D-fructose); Xlu (D-xylulose); Psi (D-Psicose)
Each data represents the mean of triplicates in umole/min-g unit.

SAIZEE 108A] 15087kA] WS glem, HEHql 7}
7|A-el wigt o] 3] Hxe 187 10 MEnhala
€] 8= ketose®] pmoled(umole/min-g-protein)& FA|
3te] Table 2o vlehljglet. olu] Control, Subunit A,
Subunit B, 2] 3 Subunit A & BE 47t 1 EAY o
pTrc99A, pTre-lacA, pTre-lacB, 123 pTrc-lacAB W EHE
E3Fshe oAt Al Zsk g ojujsic}. D-Galactose, D-
fucose, D-glucose, D-mannose, D-arabinose, L-riboseel] o
A BE 7ol AdAME control} FU3 FopEe
A& el AR w|Fo], TPIe] 7|AZE 24314 23
= 71o2 AEXg ). L-Arabinose, D-xyloseol] W &A=
Z}2} 14.4, 10.1 pmole/min-g-protein®= vf-9- <3t &A4-3+
Aol M7= vl D-Ribose2} D-alloseol] ) s A=
347.8, 94.8 pmole/min-g-protein®E B]3TA 2 3kijo] Wt
A= g}, o]u] D-ribose®} D-alloseol #3F &AL ¢ A
subunit A & B FAILE Aol qk e, 77t
subunit At} & subunit Bel|A= &g o] W E R gkl
o|AeE n]Fo] E uf TPI| B $1sfME subunit A9}
subunit B7} gAel| Ag3le] o) 3} SPFAE FA =
Aeg 3 4 9+

=502 golEe] &1t

Tagatose-6-phosphate 73 2.2} TPI7} sw@2}4 ] phospho-
glucose isomerasex]E FEo] o] EAT HAFR] ¢
B4 o QSHEAE ZAP) Slstel, TPIF o] 4dshit
& #A& 2l D-ribose?} D-allosee]] Hated Fde] 2
#olelel EDTAS] E3=2 ZAFsI9Y}. Tris-HCI buffer(pH
8.2 100 mMe] #HF 257} H=5F 7 aldose® H7Hsk
°|F EDTAZ} | mMe] H=% 7|3t &3tls} 37}slx|
U2 NS 37°CAA BHEAIA ] s ketose(D-
ribulose, D-psicose)3 -5 3t FAFA Aol S v)wsly
oH(Table 3). EDTAZ} 715 %1S @ D-ribose2} D-allose:
Z+zk TPI subunit A & Bell €3le] 339.0, 72.5 pmole/
min-g-protein®] E4d-E VERIE. o] 72 EDTA}F 3715
2| ke 5ol mlarste] 2z 95%, T5%el s &
2Rl BS54 olAd3kEAe] -t | mM EDTA

Table 3. Effect of EDTA metal chelation on the activity of TPI
against D-ribose and D-allose.

Substrate
Ribose Ribose Allose Allose
with EDTA  w/o EDTA with EDTA w/o EDTA
Control  04+02 0402 08+05 15+06
S“E’;’;t A 330042223478 447.0 T2.5+43 948 10.8

Each data represents the mean of triplicates + standard deviation in
pmole/min-g unit.

A2le] wel EABA 0] 10% )32 FHAslE, FLro] &S
F7V2 ARl A$ 150% o)Ak o) A3} 8Ade] sl
AE3} vlws) Rw[12,13,20], TPI subunit A & B
TEol o] 2HEAZ AMBIA] 4 Qv AMIE & 4 9l
%Ar}. D-Riboses} D-allosedll =8l 22 EDTA x2lel] 23}
of7ke] BAAE olulE B4 Ao oS Fvl] B
the Al EaR g el g QU BE Fre]2el 93
H| |- o2 oot o] shut-g-2] Fhaol 7]alsl= AR
74 o] 7wt

D-Ribose2t D-Allosedl| ChEt TPIO] E4X S4

TPI subunit A & B9l 2] X3 D-ribose®} D-allose 7] 2
o] oJeE AR A3 7 EEE WIS W
Hh<4=F 243 § Lineweaver-Burk plot& Z13it}. Fig.
3o viehd X3 Deriboseel] & Kyt Vias 22 26
mM, 3.690 mmole/min-g-protein®] $1 3, D-alloseol] o} sjj ]
T+ 142 mM, 0.087 mmole/min-g-protein®] ]}, o) A 2]
54 o]/d3E el L-arabinose isomerase2] 73-$-oll: in
vivo 7]1& ¢l L-arabinoseol] o3 K%kl 60 mMe]r} in
vitro 7]1212] D-galactoseol] W& Kkl 300 mMES} 7]
Z3d o] Aoz =9keh20].

TPI subunit A & B 4 A A %3 D-riboses} D-
alloseoll M5 o)A 3t FAo] o= A2 ZAEH.
A 2%~ 7128l D-ribose$} D-allose®] T3E Fisher T %
2 v|as) 2o, sebgda) eebde] xlelE Alejslie 2F
TAkE) 9] dAtekel FUEE o - AUrk(Fig 4). &9
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Fig. 3. Lineweaver-Burk plot of TPI against D-ribose (A) and D-allose (B). The Ky, and Vi, are 26 mM and 3.690 (mmole/min.g) for-

D-ribose, 142 mM and 0.087 mmole/min.g for D-allose, respectively.
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Fig. 4. Substrate and product configurations of TPI from Staphylococcus aureus.
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o= 7S 2 gk AR S5 ol ARl AN o
2 AL Ad § e vEEA oAFEAE o%
slo] EAHEE B3 sl AR A=kl Qo

[e=] OF
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2] tagatose-6-phosphate isomerase(E.C. 5.3.1.26)2] 7]+
FAL Akl Yeil 1 FERFAANacB; 510bpe} lacd;
430bp)E iAol AR sl ch dEFl 71 o] g

D-ribose®} D-alloseel] W] o)A 3l&Ad o] AEA TE= 2
t}. EDTA 1 mM &8}l A= D-ribose2} D-allosedl] ®3}
o] 7Z}7} EDTA v]&3} 2710l wju]sle] 95%, 75%2] o]
33848 Jeld= A 22 w]F o] tagatose-6-phosphate
isomerase”} BlEEA] o] A EAUS 9iT) ofd] lacA =
E lacBY] @ UEAlolE= o3t o] AHH wAHA o
oJ}. D-Ribose®} D-allosedl] what 71 AA A (K> %
7+ 26 mM2} 142 mM%H}

LAt 2
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