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ABSTRACT

Imidase participates in the reductive degradation pathway of pyrimidine. The location of
Homo sapiens dihydropyrimidinase (ADHP, DPYS, NM 001385) gene is on the chromosome
8922 and its cDNA clone contains 1560-bp open reading frames encoding polypeptides of
519 residues. ADHP belongs to the superfamily of cyclic amidohydrolase, including
dihydropyrimidase, allantoinase, hydatoinase, dihydroorotase, all of which are involved in the
metabolism of purine and pyrimidine ringss.The deduced amino acid sequence of ADHP
shows 90% and 88% identity with that of rat"and mouse DHP, respectively. ADHP deficiency
is an automosomal recessive disorder characterized by dihydropyrimidinuria and associated
with variable clinical phenotypes, such'as seizures, mental retardation, growth retardation and
dysmorphic features. However, little is known about the properties and biological functions of
human imidase at protein level. In order to characterize the biochemical properties of human
imidase, we expressed human imidase gene in E. coli and rendered the purified protein in
soluble and active form. The characterizations in enzyme kinetics, the effect of pH and
temperature to enzyme activity, thermostability and salt tolerance of human imidase and those
from other species were compared. This provided a basis for the future preparation of imidase
mutants to study the effect of single amino acid substitution on imidase that causes ZADHP

deficiency
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Abbreviation and Symbol

Abbreviation and Symbol

Full name

€ Absorption (extinction) coefficient
A280 Absorption at 280 nm
A298 Absorption at 298 nm
Bis-Tris propane 1,3-bis| tris( hydrohxymethyl) methylamino| propane
Tris-HCl tris( hdroxymethyl) aminomethane hydrochloride
SDS dodium dodecly sulfate
PAGE polyacrylamide gel electrophoresis
hdhp dihydropyrimidinase gene of Homo sapien
hDHP dihydropyrimidinase of Homo sapien
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Introduction
Imidase catalyzes the hydrolytic cleavage of imide bond. Imidase is also known as
dihydropyrimidinase (EC 3.5.2.2), hydantoinase, dihiydropyrimidine hydrase, and

dihydropyrimidine amidohydrolase due to its broad substrate specificity.

R
(‘\fo + H,0 H\CODP-f

N\l/N '\“/

0 O
R=H : Dihydrouracil R=H :3-Ureidopropicnate
R=CHs : Dihydrothymine R=CHj, : 3-Ureidoisobutyrate
R 0 G

‘-|_r' + H,0 COOH
. N_NH;
NYN \E/

0 o

R=H : Hydantoin
R#H : 5'-monosubstituted hydantoin N-Carbamoyl-amino acid

Figure.1 The typical reaction catalyzed by imidase

The first research of imidase activity in living organisms was found as far back as 1926.

Gaebler and Keltch investigated the metabolism of hydantoin derivatives by detecting that the

hydantoic acid was excreted after injection of hydantoin into dogs and called this kind of

imidase as hydantoinase [1]. Afterward, many studies show that imidase activity could be

found in some tissues of different plants and animals. Up to 1957, Wallach and Grisolia isolated

imidase from calf liver and used dihydropyrimidine as nature substrate, so they called the

imidase as dihydropyrimidinase. They proposed that dihydropyrimidinase is identical to



hydantoinase found by Gaebler and Keltch, and therefore imidase participates in the pyrimidine

metabolism [2].

The ¢cDNA clone enconding dihydropyrimidinase from human liver had been firstly

isolated in 1996 [3]. The deduced amino acid sequence of human DHP show 90% and 88%

identity with that of rat and mouse DHP, respectively (Appendix 3). The gene of Homo sapiens

dihydropyrimidinase (ADHP, DPYS, NM 001385) locates on the chromosome 8q22

(Appendix 1) and its cDNA clone contains 1560-bp open reading frames encoding

polypeptides of 519 residues (Appendix 2) [3]. While cloning the ZIDHP cDNA, there are three

DHP related protein (DRP)-1, DRP<2-and DRP=3, have been found. All of them show high

identity of amino acid sequence With hkDHP (Appendix 3), but without imidase activity. DHP

and DRPs display differential tissue: distribution, i.e-’human DHP in liver and kidney; human

DRP-1 in brain; human DRP-2 ubiquitously expressed except for liver; human DRP-3 mainly

in heart and skeletal muscle. The function of DRPs and their relationships with DHP in

evolution are still not clear [3].

hDHP belongs to the superfamily of cyclic amidohydrolase, including

dihydropyrimidase, allantoinase, hydatoinase, dihydroorotase, all of which are involved in

metabolism of purine and pyrimidine rings. In the biological system, pyrimidines are

metabolized by either an oxidative or a reductive pathway. It is well-known that mammals,

plants, and microorganisms utilize the reductive pathway for pyrimidine degradation.



Dihydropyrimidinase performs reversible hydrolytic ring-opening of dihydrouracil and

dihydrothymine to N-carbamoyl-B-alanine and N-carbamoyl-f-aminoisobutyric acid,

respectively. 3-ureidopropionase  catalyzes  the  irreversible  hydrolysis of

N-carbamoyl-B-alanine  and  N-carbamoyl-B-aminoiosbutyric  acid to  [B-alanine,

B-aminoisogutyric acid, ammonium ions, and carbon dioxide [4].

Uracildehydrogenase Dihydropyrimi 3-Ureidopropionase
CI & [_]
H H +H ] ™ + H.| : —
rT ADH + Mr’\mr + H,0 “cooH 20 P];\LGCIH

I \p}/ NINH_

| = ¥ A E
Uracil Dihydrouracil 3-Ureidopropionale p-Alanine

Figure 2. Reductive pathway of pytimidine degradation

The reductive pyrimidine dégradation pathways seem to be important especially in

mammalian cell. In mammalian tissue, it is now established that the degradation of uracil via

dihydrouracil and N-carbamoyl-B-alanine plays an important role in the synthesis of [-alanine

and B-aminoisobutyric acid. B-alanine is a structural analogue of y-aminobutyric acid and

glycine, the important neurontransmitter in nerve system. Furthermore, f-aminoisobutyric acid

has been shown to be a potential agonist of the glycine receptor [5]. Pathologically, the defect

of dihydropyrimidine may cause the altered homeostasis of f-alanine in patients then accounted

for the clinical symptom of DHP deficiency.



DHP deficiency (MIM 222748) is an automosomal recessive disorder that is characterized

by dihydropyrimidinuria. To date, only nine cases of complete DHP deficiency have been

reported. These patients reveal variable clinical phenotypes, such as seizures, mental

retardation, growth retardation and dysmorphic features [6-15]. It is not a direct evidence to

infer the relationship between the homeostasis of B-alanine and the apparent clinical

abnormalities. DHP deficiency, therefore, is not only probably a necessary, but sufficient for

the onset of a clinical phenotype.

Analysis of the genotype of some patients with DHP deficiency reveals the missense at the

nucleotide location of open reading frame 1078, mutated from T to C (W360R) in exon 6 and a

novel missense mutation 1235G to T (R412M)‘in exon.7 [15]. Analysis of the structural effect

on the DHP mutations, W360 and’R4 12; by structure'modeling indicates that W360 and R412

are located on the periphery of ADHP rather distant from the catalytic centre. This excludes a

direct effect of the amino acid exchanges on active site architecture and catalysis. Instead, the

lack of residual activity for the point mutants is likely based on global effects of the exchanges

on the protein structure [15]. However, all of these data are only based on bioinformatical

prediction without the evidence at protein level.

According to the analysis of imidase structures, all imidases are metalloproteins with

TIM-barrel architecture. All known mammalian imidases purified from the livers of bovine,

calf, pig, and rat [11,16-19] are homotetrameric enzymes that contain four tightly bound Zn



atoms, and one Zn atom per subunit. The variations are found, however, in structure, metal

content, substrate specificity and other requirement of similar enzyme from different organism.

Since then, little is known about the properties and biological functions of human imidase

at protein level. In our experience, the bottleneck is the problem of protein inclusion bodies

during expressing the hdhp gene in E. coli. In order to characterize the biochemical properties

of human imidase, we will express human imidase gene in E. coli in soluble and active form.

The differences in enzyme kinetics, the effect of pH and temperature to enzyme activity,

thermostability and salt tolerance of human imidase and those from other species will be

compared. We will also prepare imidase mutants, W360 and R412, to study the effect of single

amino acid substitution on imidase that cause human DHP deficiency.



Experimental Procedures

Materials— cDNA of hdhp gene on pCMV-sports6 vector, obtained from human gene

cDNA library in College of Biological Science and Technology, NCTU, pGEM-T

Vector(Promega), modified pET-43.1a(+) vector(Novagena) modified by Dr. LE, BL2I

(DE3)pLyS competent cell(genotype: E. coli B F~ dem ompT hsdS(rg” mg) gal A(DE3)[pLysS

Cam'](Novagen), Sephacryl S-300 HR column(amersham pharmacia biotech), High Molecular

Weight standard (code: 17-0041-01) Gel Filtration Calibration Kits(amersham pharmacia

biotech).

Molecular cloning hdhp gene intoythespET-43.1a(+) vector— The PCR products of

cDNA of hdhp gene of Homo sapien on pCMV.-sports6 vector was cloned into pGEM-T

Vector (Promega), and the termini of amplifiedDNA was added the restriction sites of BamH I

and Xho1 with the pairing primers hdhp-F'(the forward primer: 5'-CGGATCCATGGCGGC

GCCCTCGCG-3’) and hdhp-R (the reverse primer: 5’ -CCTCGAGGGGGTG

GGCCTGTTTCCTGG-3’) by PCR. The DNA fragment containing the hdhp gene on pGEM-T

vector was subcloned into the modified pET-43.1a(+) vector by restriction enzyme, BamH I &

Xho I, and T4 DNA Ligase.

Bacterial expression, purification of hDHP— The flask culture (500 ml of LB medium

containing 50 pg/ml ampicillin) of the BL21 (DE3)pLyS cell containing the construct of Adhp

gene on the pET-43.1a(+) vector, IPTG-inducible expression vector was incubated for > 5



hours at 37°C in a shaking incubator until cells reach mid-log growth (Ago of 0.8-1.0). The

culture was induced by adding 0.4mM IPTG and 1mM CoCl,, then incubated at 20°C for

16 hours. The cells were harvested by centrifugation at 15000g for 30 min at 4°C. The cell

pellet was resuspended in 20 ml of Histrap Column Buffer A (pH 8.0) , consist of 50mM Tris,

500mM NacCl, 5mM Imidazole10% Glycerol, and the cell was lysed by sonication with 550

Sonic Dismembrantor (Fisher Scientific). The insoluble debris was removed by centrifugation

at 30000g for 30 minutes at 4°C, if necessary, repeat this step again to ensure removing the

insoluble debris completely. The sample should be filtered through a 0.45 mm filter before it

is applied to the Histrap ion exchange column(Pharmacia), equilibrated by Histrap Column

Buffer A. The column was washed with >1000 ml of Histrap Column Buffer B (pH 8.0) ,

consist of 50mM Tris, 500mM NaCl;* SOmM Imidazole, 10% Glycerol, until no material

appears in the effluent. After changing the buffer in the column with Histrap Column Buffer A,

applied 40 unit of bovine thrombin to column and incubate it for >16 hours at4 ‘C to cleave

the Nus-tag from the N-terminal of ADHP. The column was washed with 200 ml of Histrap

Column Buffer B, then The bounded protein was eluted with 50 ml of Histrap Column Buffer

C(pH 8.0), consist 50mM Tris, 500mM NaCl, 500mM Imidazole, 10% Glycerol.The product

was concentrated with Amicon Ultra-15 S0K NMWL device (MILLIPORE) by centrifugation

at 4000g and exchanged the solvent with Histrap Buffer D (up to 100x).



In-gel-digestion and idetificaiton using MALDI-TOF— The spots of interest were excised

and digested in gel with trpsin according to Shevchenko’s method (Shevchenko et al., 1996).

The digested sample was taken up and analyzed using MADI-TOF. The results were

correlated with the sequence database using the NCBI and SwissProt database and analyzed

by Mascot software.

Enzyme assays— A rapid Spectrophotometric assay was used as the standard assay. the

decrease in absorbency at 298 nm was measured upon hydrolysis of phthalimide as the

substrate at 25 “C. To start the reaction, the enzyme solution was added into 1 ml solution,

containing 1 mM phthalimide and 100 mM Bis-Tri.propane at pH 7.0. Under these conditions,

a change in Ajg of 2.26 represents the hydrolysis of 1 jumol of the substrate. The hydrolysis of

phthalimide was monitored with aUV/VIS spectrophotometer (Hitachi U3300).

Protein concentration determination— The protein concentration of enzyme solution

was determined by Ajgo or BCA protein assay (Bio-rad) using bovine serum albumin as a

standard. For the homogeneous imidase, 1 unit of Ajgpequals to 0.907 mg/ml imidase based

on the BCA protein assay.

Kinetic constants determination— Measurement of kinetic constant of each substrate was

performed by varying the concentration of one substrate, while keeping the other substrate at a

fixed and near saturating concentration. The apparent K;, and V,x were determined using

nonlinear regression by Sigmaplot 2001, V7.0 and Enzyme Kinetics Module, V1.1.



Temperature profile analysis— The specific activity of ADHP with phathalimide at given

temperature was measured with a UV/VIS spectrophotometer. To start the reaction, the enzyme

solution was added into 1 ml of solution containing 1 mM phthalimide and 100 mM Bis-Tri

propane to process enzyme assay at pH 7.0 and given temperaturature.

pH profile analysis— The specific activity of ADHP with phathalimide at given pH was

measured with a UV/VIS spectrophotometer. To start the reaction, the enzyme solution was

added into 1 ml of solution containing 1 mM phthalimide and 100 mM Bis-Tri propane to

process enzyme assay at given pH and 25°C

Thermostability analysis— The residual activity of ADHP with phathalimide was measured

with a UV/VIS spectrophotométer. Prior to“start the reaction, the enzyme solution was

incubated in 1 ml of 100 mM Bis-Tri propane(pH 7.0) for time course at given temperature,

then added 1mM phtalimide to process enzyme assay.

Salt tolerance analysis—The residual activity of ADHP with phathalimide was measured

with a UV/VIS spectrophotometer. Prior to start the reaction, the enzyme solution was

incubated in 1 ml of the given concentration urea and 100 mM Bis-Tri propane(pH 7) for time

course at 25°C, then added 1mM phtalimide to process enzyme assay.

Size-exlusion chromatography and calibration curve preparation— Aliquots of 1 ml of

various samples were applied on a Sephacryl S-300 HR column that was equilibrated with 20

mM Tris buffer pH 8.0 containing 150 mM NacCl. Protein were eluted with the same buffer at a



flow rate of 1.0 ml/min. Molecular weights were estimated against Gel Filtration Calibration

Kits(amersham pharmacia biotech) consisted of aldolase(178 KDa), catalase(228 KDa), ferritin

(437 KDa), thyroglobulin(692 KDa), Blue dextran(2000 KDa). Molecular weight of ADHP was

estimated by gel filtration chromatography.
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Result

Molecular Cloning of hdhp gene into the pET-43.1a(+) vector— we constructed hdhp

gene on different vectors to screen an appropriated vector (Fig. 9, only show the

hdhp-pET-43.1a (+) construct) to express soluble and active ADHP. We found pET-43.1a (+)

vector can overexpress the soluble and active ADHP.

Bacterial Expression and Purification of hDHP—The pET-43.1a(+) vector provides the

hDHP for fusion to Nus-tag and His-tag on N-terminus and C-terminus, respectively. The

Nus-His-taged fusion protein was expressed in the BL21 (DE3)pLyS cell and purified by

Histrap column as describe in “Experimental Procedure”. The enzyme was finally purified

about 343.7-fold with 49% yield (Table I) and in a homogenous form according to the

identifications of SDS-PAGE (Fig. 1) and MADI-TOF data (Fig. 2). These data display that we

are the first one to not only purify ZDHP in a homogenous and active form but also express the

mammalian imidase in heterolous system. We analyzed the biochemical characterization to

deduce the difference in enzyme kinetics, the effect of pH and temperature to enzyme activity,

thermostability and salt tolerance of human imidase between from human and other species.

Substrate specificity and kinetic constants of the cobalt-amended hDHP with different

substrates— A number of xenobiotic and physiological substrates were tested as substrates for

hDHP (Table II). The specific activities of the different substrates of ADHP were determined

with UV/VIS spectrophotometer as indicated under “Experimental Procedure”, and all the

11



concentration of substrates are 1 mM. The specific activities of ADHP with dihydrouracil,

hydantoin, phthalimide, and maleimide are 0.37, 3.48, 24.49, and 29.72 pmol/min/mg,

respectively. ADHP has higher specific activities with phthalimide, and maleimide in the

condition. The kinetic constants of ZADHP with phathalimide were determined experimentally

by direct measurement with a spectrophotometer as indicated under “Experimental

Procedures”. K, kea, and k../K,, of of hDHP with phathalimide are 0.65, 2615, and 4021

umol/min/mg, respectively (Fig. 10).

The temperature and pH profile of hDHP— The temperature profile of ADHP is displayed

by the specific activity of ADHP with phathalimide at given temperature measured with a

UV/VIS spectrophotometer as indicated under “Experimental Procedure” (Fig. 3). The specific

activities of ADHP with phathalimide from 20 C to 35 °C are all about 24.0 pmol/min/mg

without significant different. The pH profile of ADHP is displayed by the specific activity of

hDHP with phathalimide at given pH measured with a UV/VIS spectrophotometer as indicated

under “Experimental Procedure” (Fig. 4). The specific activities of ADHP with phathalimide at

pH6.5, pH7.0~7.5, 8.0~9.0, and 9.5 are about 14.2, 25.4, 31.2, and 24.5 pmol/min/mg,

respectively. ADHP has higher specific activity at pH 8.0~9.0.

The thermostatbility of hDHP— The thermal stability of ADHP is displayed by the

residual activity of ADHP with phathalimide measured with a UV/VIS spectrophotometer as

indicated under “Experimental Procedure” after treating at given temperature for time course

12



(Fig. 5). The residual activies of ADHP with phathalimide after treating at 30 ‘C for 60, 120,

and 150 minutes are 98.53, 96.19, and 95.42 %, respectively. The residual activies of ADHP

with phathalimide after treating at 37 °C for 60, 120, and 150 minutes are 71.54, 48.53, and

45.67 %, respectively. The residual activies of ZDHP with phathalimide after treating at 50 “C

for 60, 120, and 150 minutes are 15.66, 6.57, and 2.19 %, respectively. The residual activity

of ”DHP with phathalimide after treating at 60 ‘C for 15 minutes is 1.30 %. ADHP is much

unstable above 37°C.

The effect of urea treatment of hDHP— The effect of urea treatment of ADHP is displayed

by the residual activity of ADHP with phathalimide and measured with a UV/VIS

spectrophotometer as indicated under “Experimental Procedure” after treating in given

concentration of urea for time course (Fig. 6). The residual activity of AIDHP with 0.1M, 1M,

2M, 3M, and 4M urea after treating for 15minutes are 70.01, 57.33, 25.87, 9.01, and 2.39%,

respectively. The residual activity of ADHP with 0.1M, 1M, 2M, 3M, and 4M urea after

treating for 30 minutes are 67.97, 49.34, 21.18, 8.76, and 0.71, respectively. After treating in

different concentration of urea for 30 minutes, the residual activity of ADHP performed stable

and didn’t change.

Analysis of the quaternary structure of hDHP by gel filtration— The subunit size and native

size of h(DHP was estimated by its deduced amino acid sequence (A. 6) and gel filtration(Table

V). The retention volume (V.) and the parameter (K,,) were show as the Table IV. The

13



retention volume of the blue dextran 2000 was 37.28 ml and the K,, could be estimated by the

equation: Ky= (Ve-V,)/(Vi-V,). The calibration curve was plotted as the independent variable

was log(M.W.) versus the dependent variable K,, as show in Fig. 8. The retention volume of

hDHP and a.».HYD were 54.31 ml and 60.40 ml, respectively (Table V). The corresponding

molecular weight according to the retention time was shown in Fig. 8 and the calculated values

were approximately equal to the theoretical molecular weight of Z/DHP and a.».HYD (Table V).

These data indicated ZDHP and a.».HYD are homopentamer and homotetramer, respectively.
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Discussion

Since then, little is known about the properties and biological functions of human imidase

at protein level, in our experience, the bottleneck is the problem of protein inclusion bodies

during expressing the hdhp gene in E. coli. Here, the protein inclusion bodies mean the

cytoplasmic aggregates of misfolded protein. This phenomenon was often founded during

expressing the eukaryotic gene in heterologous system, especially in E. coli, and it was due to

the internal microenvironment of E. coli may differ from that original source of the gene. A

variety of methods have been published describing solving the problem of protein inclusion

bodies. The choice of vector and expression ho§t.can significantly increase the activity and

amount of target protein present in the soluble fraction. An appropriate vector can enhance

solubility and/or folding by providing for fusion te a polypeptide that itself is highly soluble

(e.g.,NusA , GST, Trx), or providing for fusion to an enzyme that catalyzes disulfide bond

formation (e.g., thioredoxin, DsbA, DsbC), or provide a signal sequence for translocation into

the periplasmic space (pelB, DsbA, DsbC). In this study, we expressed the hdhp gene on the

pET-43.1a(+) vector which provided for fusion to NusA (A. 4,5). Nus A, N utilization

substance A, is the transcription factor of E. coli naturally. Nus A not only is high soluble but

also can increase the solubility of the full-length fusion protein to solve the problem of protein

inclusion bodies during expressing the hdhp gene in E. coli.

Imidase has been purified in a homogeneous from Psedomonas [20], Bacillus [21],

15



Agrobacterium [22], Blastobacter [23], Arthrobacter [24], bovine liver[16], calf liver[17], pig
liver[18,25], and rat liver[11,19], and most purifications of these were conducted by three or
four chromatography steps. We solved the problem of protein inclusion bodies during
expressing the hdhp gene in E. coli and developed a time-and-effort-saving, inexpensive, high
quality and quantity platform to express and purify homogenous ADHP with only one
chromatography step for further biochemical characterization to deduce the difference of
specific activity and structure of imidase between human and other species.

A number of xenobiotic and physiological compounds were tested as substrates for
enzymes, and the specific activities of ADHP wet¢ compared with a.» HYD (hydantoinase from
Agrobacterium radiobacter NRRL B1) referred to the-thesis of Yi-Rong Chen (Table I1)[25].
The catalytic efficiencies of ADHP: with*the substrates are higher than that of a.r. HYD except
dihydrouracil, the six-member ring substrate. The kinetic constants, Km, Kcat, and Kcat/Km,
of hDHP with phathalimide as substrate are 0.65mM, 2615min'1, and 4021mM'1min'1,
respectively. Comparing with imidases from fish liver, pig liver, and a.». HYD, ADHP performs
better substrate affinity and catalytic efficiency (Table III).

The temperature profile of ADHP is displayed by the specific activity of ADHP with
phathalimide at given temperature (Fig. 3). ADHP performs stable catalytic efficiency from 20
C to 35 C. Itis to deserve to be mentioned the limit of enzyme assay that the substrate is

degraded faster at the high temperature (>35 “C) than which catalyzed by #ADHP. Therefore,
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we can not measure the initial rate of ADHP activity with phathalimide at the high temperature

and the specific activity at 40 “C is measured much lower than which at 35 “C. The pH profile

of hDHP is displayed by the specific activity of ADHP with phathalimide at given pH

measured (Fig. 4). ADHP performs stable catalytic efficiency from pH 8 to pH 9.

The thermal stability of ADHP is displayed by the residual activity of ADHP with

phathalimide after treating at given temperature for time course (Fig. 5). ADHP performs stable

catalytic efficiency, the residual activity is 95.4% after treating at 30 ‘C for 150 minutes. The

residual activities of ADHP are 45.8% and 2.2% after treating at 37 ‘C and 50 ‘C for 150

minutes, respectively. After treating at 60 ‘C for 15 minutes, the residual activity of ADHP is

only 1.3%. Under the same treatment, 50 ‘C for 1 hour, the residual activities of ADHP,

a.r.HYD, and fish imidase are about 13.6%, 93%, and 90%, respectively. So, ADHP is more

thermolabile than a.».HYD and fish imidase.

The effect of urea treatment of ADHP is displayed by the residual activity of ADHP with

phathalimide after treating in given concentration of urea for time course (Fig. 6). After treating

in different concentration of urea for 30 minutes, the residual activity of ZDHP performed

stable and didn’t change, so we can simply determine the stability of urea treatment of ADHP by

measuring [Urea]so, the concentration of urea at 50% residual activity of ADHP treated for 30

minutes (Fig. 7), for further comparing the difference of stability of ZADHP mutants, W360 and
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R412, with wild ADHP to study the effect of single amino acid substitution on ZDHP that cause

human DHP deficiency. The [Urea]soe, of wild ADHP is about 1 M.

The subunit size and native size of ADHP was estimated by its deduced amino acid

sequence (A. 6) and gel filtration (Table V). This data indicated that the native form of ADHP is

homopentameric different from other mamammalian imidases, such as calf [17], pig (5) rat [19],

yeast and slime mold DHPs [25] are homotetrameric.

In this study, it is the first one solved the problem of protein inclusion bodies during

expressing the hdhp gene in E. coli, then developed a time-and-effort-saving, inexpensive, high

quality and quantity platform to express and purify homogenous soluble and active ADHP with

only one chromatography step. We have analyzed the complete biochemical characterization of

hDHP. These results indicate that ZDHP performs very unique biochemical characterization on

specific activity, thermal stability, and the quaternary structure compared with the imidases

from other species. It is worthy to know which reason caused it, maybe the sequence or

structure, and its significance on evolution. We will resolve and clarify that in the future. On the

other hand, we will prepare imidase mutants, W360 and R412, then analyzed the difference of

the structure stability and other biochemical characterization of them to study the effect of

single amino acid substitution on imidase that cause human DHP deficiency.
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Table I

Summary of purification of Nus-His-taged recombinant hDHP from E. coli.

Ste Total Volume Amount Total activity Specific activity — Vield Fold Purification
P (ml) (mg) (umol'min) (umel/min/mg) (%)
Extract 120 2777.8 203.7 0.07 100 Lo
I?;‘::ﬂ‘;i;“gi;f:fﬂ 15 4.0 101.7 15.21 19 3437

“.“Histrap Elute After Thombin Digest” represented the step of purification of ADHP with Histrap ion exchange column as described in

“Experimental Procedure”.
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Table 11

Specific Activity of hDHP and a.r HYD

Specific Activity( £ mol/min/mg) b

Substrate
arHYD? hDHP
Dihydrouracil 5.0810.06 0.37£0.00
Hydantoin 0.18%0.01 3.4810.03
Phthalimide 0.76%0.00 24.4910.50
Maleimide 4.710.1 29.7210.54

a.

a.r.HYD represented Agrobacterium radiobacter hydantoinase. The specific activities of the

different substrates of a.».HYD were referred to the thesis of Yi-Rong Chen.
> The specific activities of the different substrates of ADHP were determined with UV/VIS

spectrophotometer as indicated under “Experimental-Procedure”, and all the concentration.of

substrates are 2 mM.
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Table 111

Kinetc constants of imidase from different sources with phathlimide

km (MM)  Kepe(min ™) Keye/ Ky (mM ™ min )

hDHP 0.65 £ 0.07 261575 4021
a.rHYD 3811.8 40 £ 15 10
Fish liver 1.6+0.1 1270 = 80 790
Pig liver 0.8 £ 0.04 33+1 41

a.

a.rHYD represented Agrobacterium radiobacter hydantoinase. The kinetc constants of

imidases from fish (Oreochromis niloticus) liver, pig liver, and were a.rHYD referred to

the thesis of Cheng-Yang Huang

"The kinetic constants of ADHP with phathalimide as' substrate were determined with UV/VIS

spectrophotometer as indicated-under “-Experimental Procedure”.
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Table IV

Calibration curve determination of molecular weight on Sephacryl S-300 HR

MW  logMW) Ve? Kav®

Aldolase 178.00 2.25 60.36 0.28
Catalase 228.00 2.36 59.06 0.26
Ferritin 437.00 2.64 49.58 0.15

Thyroglobulin 692.00 2.84 40.06 0.03

“ V. represente the retention volume of eluted protein under the condition as indicated under
“Experimental Procedures”.

b K.y was calculated by the equation: K,y = (V-V)/(Vi-Vy). The V; was the column volume as
120 ml and the V, was the retentionyvolume of blue dextran 2000 (2000 KDa), whose

retention volume was 37.28 mk
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Table V

Physical and chemical parameters of hDHP

Molecular weight >  Theoretical pI® V.

hDHP 59439 6.58 54.31
a.r.Hydantoinase 49939 5.46 60.40

The molecular weight and theoretical isoeletric point(pl) were determined by

the ProtParam on ExPASy server (http://tw.expasy.org/tools/protparam.html).

The Ve indicated the retention volume as described above and determined by

Sephacryl S-300 HR.
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-

inant hDHP. Lane 1, pellet; lane 2,
supernatant; lane 3, Histrap elute afte , column digest. The steps of purification of

hDHP with Histrap ion exchange column are described in “Experimental Procedure”
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Number of Hits
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dihydropyrimidinase [Homo saplens ]

Figure 2. Purified recombinant hDHP analyzed by MALDI-TOF after trypsin-in-gel
digestion. The purified recombinant Z/DHP on SDS-PAGE were excised and digested in gel
with trpsin according to Shevchenko?s r}lethodv(Shervchenko et al., 1996). The digested samle

was taken up and analyzed using MADI-TOF.*The results were correlated with the sequence

database using the NCBI and SwissProt database an'k_i analyzed by Mascot software.
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Temperature Profile of hDHP
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Figure 3. Temperature profile of hDHP. The temperature profile of ZADHP is displayed by the

specific activity of ADHP with phathalimide at given temperature measured with a UV/VIS

spectrophotometer as indicated under “Expertmental Procedure”.
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35 pH Profile of hDHP
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Figure 4. The pH profile of hDHP. The pH profile of ZDHP is displayed by the specific activity of
hDHP with phathalimide at given pH meastired with a UV/VIS spectrophotometer as indicated under

“Experimental Procedure”.
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hDHP Thermostability
s § 4 — 3 3
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Figure 5. Thermal stability of hDHP. The thérmal stability of ZDHP is displayed by the
residual activity of ADHP with phathalimide measured with a UV/VIS spectrophotometer as

indicated under “Experimental Procedure™ aftertreating at given temperature for time course.
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Effect of Urea Treatment
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Figure 6. Effect of urea treatment of hDHP.: The effect of urea treatment of ZDHP is
displayed by the residual activity,of ADHP-with phathalimide measured with a UV/VIS

spectrophotometer as indicated ‘under* “Experimental Procedure” after treating in given

concentration of urea for time course.
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Urea-induced fractional unfolding of hDHP

Residual Activity (%)

0 0.5 1 1.5 2 2.5 3 35 4

Urea Concentration (M)

Figure 7. Urea-induced fractional unfolding of hDHP. Determine the stability of urea

treatment of ADHP by measuring [Uréalso.,, the ¢oncentration of urea at 50% residual activity

of h”DHP treated for 30 minutes.
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Calibration Curve of 5-300 HR

ko
[

22 23 24 23 2.6 27 28 29

log(ALW)

Figure 8. Calibration curve of Sephacryl S-300 HR. A molecular weight calibration curve,

which defined the relationship between the elution volumes of a set standards and the logarithm

of their respective molecular weights, was determined with Sephacyl S-200 HR. Calibration

standard(crisscross) used were High Molecular Weight standard of Gel Filtration Calibration

Kit, such as aldolase (178 KDa), catalase (228 KDa), ferritin (437 KDa), thyroglobulin (692

KDa), blue dextran (2000 KDa). The #/DHP and a.».HYD were closed and open diamonds,

respectively. The K,y is obtained from equation K,,= (V-V,)/(V-V,) as described above.
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Figure 9. hdhp-pET-43.1a (+) construct DNA sequencing. The DNA sequence of

hdhp-pET-43.1a (+) construct was analyzed according to Senger Method by MISSION

BIOTECH Company.
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Michaelis-Menten

30 q
Vmax= 44.3 umol/min/mg

25 - Km= 0.66mM

Activity (umol/min/mg)
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Phthalimide (mM)

Figure 10. Enzyme Kinetics of hDHP with Phthalimide. Measurement of kinetic constant
of each substrate was performed by varying the concentration of one substrate, while keeping
the other substrate at a fixed and near saturating concentration. The apparent K;, and Vi

were determined using nonlinear regression by Sigmaplot 2001,V7.0 and Enzyme Kinetics

Module, V1.1.

39



o - N ]
r. & bard 23
105 10 M 105 20 Mb 135 500E 105 70 Kb 105 & Wi
Cxlajcortgs) = < E = 2 = E = =
| | | | | |
0851496 DE3106514 5 0652147 0851814
Markars MRS1mD  DOSTAMP__4580 DREINT
M7s1777  DpPYs_s31f
DES173R
I— |
Ers=mbl Geres LRInE2 L TATSFA LPD:L::DQ: e
FOFYS YLRPizZ
reRNAGenes !
R I =re=mn Movel Fsewogens s Enown Protein Coding
P RMAere (Krowr) FMNAgere (Mowel)
. 8 10547 Mb 10549 Mb 105 51 Mb 10553 Mo
Lerath —Faward siamd 87 B2 [Kb L
! 11 1 1nmu normonrn mo
Co e rei ned s menk
150 |
= Coresreation
0R3 :
C reRMA
DM A e nfios) APOE4T.2.1.160912 >

Hurnan lepath chres

EB- 1742 H1D
[ e g D P [ et ) A e |
[
=] Ereembl trans LI I
< ENSTOO0003190 51
M 1 8 ) I Y e
< ENSEST TOOOX00345 5 < ENSEST TCOOMO005 T E]
[} i .
< EMSESTTOOOM03459 55
[= EST trars. el 'y

< ENSESTTO
o — kA
< ENSESTT0O ¢ EMSESTTO0000
Feq. Featues
Lemath -t 87 2 [Kb Fewesesimnd 1
105 47 M 10548 Wb 105.51 Mb 105.53 Mo
B Ereemb Movel Pezudogers iEnscmbl Hnown Prot=in Coding
Gere kgerd RHAgene (Movel
IcEsT gene
Feq. teats kgerd Unclassfied

Ther are curertly 124 tacks svitc red off, use the menus above the Image to tum them on.
Erezmbl Homo sapiers versondd 36k (WCBI 35) Sho mosome 51035450329 - 105,545 453

Appendix 1. The structure organization and chromosome localization of hdhp gene.

(http://www.ensembl.org/Homo_sapiens/geneview?gene=ENSG00000147647)
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Appendix 2. Nucleotide sequence of cDNA and deduced amino acid sequence of hdhp

gene. Analyze the nucleotide sequence of cDNA and deduced amino acid sequence of hdhp

gene by Translate tool on the ExPASy sever(http://ca.expasy.org/tools/dna.html).
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Sequence identity(%)

pectes R. norvegicus M. musculus T. nigroviridis D. discoideum S. kuyveri B. pickettii A. radiobacter hCRMP1 JCRMP2
H. sapien 90 88 73 58 18 36 36 58 57

R. norvegicus 94 72 50 28 37 37 56 55

M. musculns 72 56 28 37 36 55 55

T. nigroviridis 58 28 36 35 55 5

D. discoideum 10 35 M 46 47
8. kuyveri 3 36 16 bt
B. pickettii 02 35 31

A. radiobacter 35 31
hCRMP1 73

Appendix 3. The identity of the amino acid sequences-of imidase-from other species and Homo Sapien. Analyze the the amino acid

sequences of imidase from other species and Homo Sapien by ClustalW2¢http://www.ebi.ac.uk/Tools/clustalw2/index.html
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Appendix 4. The map of pET-43.1a(+) vector (Novagen).
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Tt origin (8252-8699) ¢ _ter His tag (509-529)
— " Xho | (530-535)
ﬁ /

Ap (7270-8130) _hdhp gene (537-2096)

hdhp-pET43.1a(+)
8732 bp

ori (6510) “BamHI (2097-210:

Nus-tag (2271-3755)

| lac operator (3822-3842)
lacl (4234-5316) T7 promoter (3847-3863)

Appendix 5. The map of hdhp-pET-43.1a (+) construct. Clone the PCR products of cDNA of
hdhp gene of Homo sapien on pCMV-sports6 vecto,into pGEM-T Vector (Promega) and add
restriction sites of BamH I and Xho I‘ to the termini-of amplified DNA with the pairing primers
hdhp-F and hdhp-R . Subclone the DNA fragment containing the Adhp gene on pGEM-T vector into

the modified pET-43.1a(+) vector by restriction enzyme, BamH I & Xho I, and T4 DNA Ligase.
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ExPASy ProtParam

il EXPASY Home page

tool

Search Swiss-Prot/TrEMBL

Site Map Search ExPASy Contactus

for

Proteomics tools

#1HHIH

Swiss-Prc

[Go] ciar]

Please help us to better understand your needs and expectations regarding
ExPASy and complete our online survey!

ProtPa

ram

User-provided sequence:

10 20 30 40 50 60

GSAGSGTIDD DDLSPGARGS MAAPSRLLIR GGRVVNDDFS EVADVLVEDG VVRALGHDLL
70 80 30 100 110 120

PPGGAPAGLE VLDAAGKLVL PGGIDTHTHM QFFFMGSRSI DDFHQGTKAA LSGGTTMIID
130 140 150 160 170 180

FAIPQKCGSL IEAFETWRSW ADPEVCCDYS LHVAVTWWSD OVKEEMKILYV QDKGVNSFEM
190 200 210 220 230 240

FMAYKDLYMV TODLELYEAFS RCKEIGAIAQ VHAENGDLIA EGAKKMLALG ITGPEGHELC
250 260 270 280 290 300

RPEAVEAEAT LRAITIASAV NCPLYIVHVM SKESARKVIAD ARRDGEVVYG EPIAASLGTD
310 320 330 340 350 360

GTHYWNKEWH HARHHVMGFP LRPDPSTPDF LMNLLANDDL TTTGTDNCTF NTCQKALGED
370 380 390 400 410 420

DFTEIPNGVN GVEDEMSVIW EKGVHSGKMD ENRFVAVTST MAAKIFNLYP REGRIAVGSD
430 440 450 460 470 480

ADIVIWDPEG TRTISAKTHH QAVNFNIFEG MVCHGVPLVT ISRCKVVYEA GVFSVTAGDS
490 500 510 520 530 540

KEFIPREFPFAE YIYERTKQRD RTCTPTPVER APYKGEVATL EKSREVTEKEDAT AGTREQAHFL

GHHHHHH

References and documentation are available.

¥ Please note the madified algorithm for extinction coefficient.

Number of amino acids: 547

Molecular weight: 59439.6

Theoretical pI: 6.58

Amino acid composition:

Ala (R) 55 10.1%

Arg (R) 27 4.,9%

Asn (N) 16 2.9%

Asp (D) 39 7.1%

Cys (C) 9 1.6%

Gln (Q) 10 1.8%

Glu (E) 27 4.9%

http:fca.expasy orglegi-bin/protparam 2008529
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ExPASy ProtParam tool B H LI H

Gly (G) 51 9.3%
His (H) 24 4.4%
Ile (I) 30 5.5%
Leu (L) 35 6.4%
Lys (K) 34 6.2%
Met (M) 15 2.7%
Fhe (F) 19 3.5%
Pro (P) 28 5.1%
Ser (8) 28 5.1%
Thr (T) 36 6.6%
Trp (W) 8 1.5%
Tyr (¥) 12 2.2%
Val (V) 44 8.0%
Byl (0O) 0 0.0%
Sec (U) 0 0.0%

(E) 0 0.0%

(3} 0 0.0%

(X) 0 0.0%

Total number of negatively charged residues (Asp + Glu): 66
Total number of positively charged residues (Arg + Lys): 61

Atomic composition:

Carbon c 2629
Hydrogen H 4128
Nitrogen 1] 744
Oxygen 0 782
Sulfur g 24

Formula: C,poqH,,05744%52524

Total number of atoms: 8307
Extinction coefficients:
=1

Extinction coefficients are in units of M-l cm , at 280 nm measur

Ext. coefficient 62380
Abs 0.1% (=1 g/1) 1.049, assuming ALL Cys residues appear as hal

Ext. coefficient 61880
Abs 0.1% (=1 g/1) 1.041, assuming NO Cys residues appear as half

Estimated half-life:

The N-terminal of the sequence considered is G (Gly).

http:/fca.expasy orglegi-binfprotparam 2008/529
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ExPASy FrotFaram tool #FHIHFHIH

The estimated half-life is: 30 hours (mammalian reticulocytes, in
>20 hours (yeast, in vivo).
=10 hours (Escherichia coli, in vivo).

Instability index:

The instability index (II) is computed to be 24.09
This classifies the protein as stable.

Aliphatic index: 79.73

Grand average of hydropathicity (GRAVY): -0.242

lih ExPASy Home page Site Map Search ExPASy Contactus Proteomicstools SwissPro
Search Swiss-ProtTrEMBL for Go| [ Clear

Flease help us to better understand your needs and expectations regarding
ExPASy and complete our online survey!

Appendix 6. Physico-chemical jparametersof ‘hDHP. Analyze the Physico-chemical
parameters  of ADHP by ' ProtParam  tool on the ExPASy  sever

(http://tw.expasy.org/tools/protparam.html). =4

47



+ROIVegicus
~muaculus
saplena
MIGEOVIriais
- digcoldaum
Jpickectii
zadiobacter
Rluyweri

L e R i

R, narvegicus
M.musculus
H.sapiena
T.nigroviridia
D, discol dewm
d.pichkettil
A.radicbacter
B kluyvezri

JAeEvegleus
JEuaculus
.sapiens
.nigrewiridia
Jdiseoideus
oloketbil
-Tadicbacter

eluyvari

mMrFEOAEE R

R.norvegicus
M.musculus
H.saplens
T.nigrovizidis
D.discoideum
H.pickerrii

A cagiobacter
S.kluyveri

R.pocwmegicus
M. musculus
H.sapiena
T.nigrowicidia
D.di ssal dem
B.picioetitil
A.radicbacter
8. kluyweri

F P EMGE-OSVLDEFHOGTHANLAGETTM L IDEAT PORGESLIEATET

LYLPGGI M PGS -CE VDD QG T AMLAGE TTMI I OER L PQKGSSLIEATET
LYLPGEI E PGS -RE I DOFHOGCTHAAL SCETTMI IDFATPORGGESLIEASET

T-RAVDDEHIGTEAALAGETTM I LOFVMTOKGOSLLEAYIL,
OLPFHGT-VSYLDEDIGTOANAGGTTE LI DEVIPTRGOSLLEAY DG
T SN T -0EADTFATATVAACECTTT IVDECOQDRGHS LAEAVAN
TYEENT -JEADTEATATVARCCETTT INDEFCOODREHS LAFAVAK
e P LKL LGV D THEHATREAVAGE T T TVVAE S TODVEX RGPS ALAE

bt

|; 1
YWEFPGCID H' [
FITAGGI ll )

!

=== RN AD PRV DY SLEVAV TN S~ = === == DEVHEEMETLAQDEEVNSE
————=WRNWADERVCC DY SLHVAYTENG -~ DHVHEEMMTLARIKGVNS
----- WREWADPHVCC DY SLHVAVTRWS - = == === DOVKEEME L LAVOORGAR SE
=== WRARTADPEV O DY SLHVAVTAWG = === === DEVEDEMATLAJERGVHS
—————HEKWADEEVHC DY SLHVAL TR S ~————~— EQVEHEMEILVEERGYNE
----- WOGHAGGHEAT DY GYHI IVLDPT-==—--—=DSVIEELEVLP-DLGITE

=== == HOGHAGGKSAL DY GYHI IVLDPT === ====DEVIEELEVLP-DLGITS
SVRLDVOEY SEQTLYCOYCLHLILFOIERPSVEARELLDVOLOMYNDYGYES

ENCOLIAFCAKEMIALCITCPECHELCREEA
A COLIAECAKEMLALG ITGPEGHELCRPER
RGOLIAEGARKMLALG I TCPEGHELTRIER
RCOLIARCGAXEMLELCITCPEGHELCRFER
REDMVEFECOXEMLEMG I TEREGHELSREES,
REDARADYLRNEFVAECGETAP IYHALSRPPR
REDAADYLANKEVADGKTAPLYHALERPPR
ENCOMMM I EALEEQCLTDAYYHOVERPST

KDLYMODOOMY A FEOCKE IGA
EGLYMQIEQLYAMEFSOCKE IGALN
KOLYMYTOLELYEAFSRCKE LGALA
KGLEMLRODELYANESRCHEVGA IR
ERSFMVTOUEMYHIFERUKELGAL
REAMIDINTLLETLOKAVETGEL
RESMIDITLLATLOMANTGEL
PGLALS-DY DI MEAMYATRINGETTH

VEAEATLRAITTASAVNCPLY]
VEAEATLRAITIASAVNCIELY
VEAEATIRAITTASAVNUPLYT

VEAEATORAITTACAVNCELY TS S A VAR DYV ECE P T ARG -
LEAEATRRAIVIADSVWCTRVYT S I GARDV I CHRKECVRAVY GEP LAAG -~

118
118§
1185
112
115
10§
106
112

164
164
164
160
163
153
153
172

224
224
224
220
223
213
213
231

i
2TE
276
212
275
265
2E5
291

365
365
365
361
(L]
352
352
410

Appendix 7. Multiple amino acid sequences alignment of imidase from other species

and Homo Sapien. Analyze the Multiple amino acid sequences alignment of imidase from

other species and ADHP by ClustalW2  ( http://www.ebi.ac.uk/Tools/clustalw2/index.html).

The labeled amino acids, such as His67, His 69, Lys159, His192, His 248, and Asp 326 are

responsible for metal binding.
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