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The Effect of GTP Cyclohydrolase on the Activity and Expression of
Tyrosine Hydroxylase and Cell Growth

Young-Jae Lee, Ph.D., In-Sook Han, Ph.D., Sang-Doe Yi, M.D.*

Institute for Medical Sciences, Department of Neurology*, Dong San Medical Center, Keimyung University

Background : Parkinson’'s Disease (PD) is a progressive neurodegenerative disorder characterized by resting tremor,
rigidity, and bradykinesia. L-3,4-dihydroxyphenylaanine (L-dopa) has been used for over last 3 decades to treat this
disorder, however, its usageis limited due to the reducing effectiveness on time and severe side effects. The best strate-
gy for treating this disorder without serious side effects would be to keep a constant level of dopamine in the brain.
This could be achieved by gene or cell therapy using gene(s) involved in dopamine biosynthesis or cells from other
individual. For Parkinson's gene therapy, however, there till are controversies on which gene in what combination will
yield the best result. In this report, we propose a biochemical background for using GTP cyclohydrolase | (GTPCH 1)
in addition to TH for higher and/or more stable expression of TH. Methods : TH and GTPCH | cDNA were subcloned
into retroviral vectos and resulting recombinant retrovirus packaged in BOSC 23 cells were used to infect NIH-3T3.
Confirming successful infections by western blot analysis, the new cell lines were used to examine steady state TH
expression level and TH activity. Furthermore, the effect of ectopic expression of BH, to the proliferation of these cells
were studied. Results : NIH-3T3 cells expressing both TH and GTPCH | showed approximately 10 fold higher expres-
sion of TH protein than the cells expressing TH alone. The activity of KNTH2GC6 was approximately 4-6 fold higher
than that of striatal tissue and 60 fold higher than KNTH2. Furthermore, growth rate of KNTH2GC6 was strikingly
reduced by inhibiting the biosynthesis of BH,. Conclusions : We showed that the use of GTPCH | in addition to TH
not only increased the stability and/or expression of TH protein but also the activity of the enzyme. These improved
characteristics of TH protein are very likely due to the expression of BH, and should be very seriously considered for
Parkinson’s gene therapy.
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monoxygenase, EC 1.14.16.2)00 OO L-dopa(L-
3,4-dihydroxyphenylalanine)l 00000 O0O0O
0. L-dopall OO aromatic amino acid decar-
boxylase(AADC)00] 00O 00000 OO00O0O norepi-
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1. 000 retroviral vectord 00O

000 type 2 tyrosine hydroxylase(hTH63)O
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OO0 000 000 OO0 Hind OO OOO. Vectord
000 pLNCX* 00 Cla000 000 Klenowd [
000 bluntendd OO0 ethanol OO0 OO Hind
OO0 0O0O0. 000 OoUuooo Ooooo 1.7 kbO
insertl] 6.9 kb vectorD 0000 OO OOOO0O.
00 Qiaex O kit O0O0OO DNAODO OOOOOO
DNAO OO 0000 90/ngd insertd] 207/ngd
vectord 00O OO0 OO0OO O0OOOO. OO0 OOO
DNAO OO0 O 2/unitd T4 ligase 00O 14000
OO0 0000 O0O00O0 O oo Od colonyd
alkaline lysis miniprep0 0 0000 plasmid DNA
O 0ooooo.

GTPCHI¥O Bam HIO Hinc 00O 00O vector pA
gHCO Cla OO0 OO0 Klenowd 0000 blunt
endd OO0 Bgl OO OO OO0 OO0 OoOOQ OO
00 0D0000.0000 0 00d colonyl LBO O
000 alkaline lysis miniprep00 0000 plas-
mid DNADO O0O0000.

2. 000 00000 00

Transfection 00 OO0 1x10°0 BOSC 23 00O
(virus producing cell line)J 10/0 OO0 ODOO0O
0.000 12/00 DNAO 30.5/00 2 M CaClLd O
0O 000 0.25/M(250/0)0 OO OO OO OOOO
2X HEPESO 0O0O0O. DNAOOO OO0O0O 3000 OO
OO0 OO0 OO0 O O retrovirus packaging cell
line BOSC 230 000 OO 37000 4000000
PBSO OO0 O OOODO DOOO. OO 370 CO, O
0000 0000 000 O 0000 045/0 0oOo0Od
0000 0000 000 00000 000 oooo g
go0 -8o00d0d oood.
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00000 00O OO0 1 mld polybrene(4 0O/ml)
0O 0O0O0.0000 OO0 O oboog ogo pBsO
O00. 000 000 wrypsin DO0OO OO0 1/250,
1/1000, 1/300000 OO O OO0 OOUOOO OO
0 00 obo boobo OO0 oob.oobo o
0 20 ODOOO 2-30 OO O subcloning ringO O
single colonyl 0000 6-well plated OO0 OO0
ooo.

4. THOOO OO

5x10° 000 000 300 00O lysis buffer(10/mM
potassium phosphate, pH 6.2, 0.2% Tritonx 100)
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0 000 0O 1000 sonicated 0 12,000/x gd 150
0 4000 00000 O D000 000 assayd OO0
O00. Assayll 0000 OOOO OO BSA standard
0 0O0O0O0O O ODO OOO0ggd Bio-Rad protein
assay kit(BIO RAD)J 0000 OOO0O0O OOOoo
0.000 000 0000 00 00do s/cio L-[3,5-
°H] tyrosinel 00 0O0OO0OOO 3000 O0OO. O0OO
000 tyrosined OO0 50/00 OO00O0O OOO0OO.
0ooo0d 5mMm DTT, /mM D,L-6-methyl-5,6,7,8-
tetrahydropterine(6-MPH,), 165/pM tyrosine,
50mM 2£ N-morpholinold ethanesulfonic acid
(MES), 3000 units/ml catalasel OOO OO0O. O
00 50/00 000 50/00 00 0000 00O 3700
0 2000 0O0OO O 1/N HCIO 00O 7.5% charcol
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5. Western blot analysis
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buffer(62.5 mM Tris, pH 6.8, 10% glycerol, 5%
-mercaptoethanol, 2.3% SDS)0 00O 100 0 soni-
cationd O . SDS-PAGEO 10%, stacking geld pH
6.8, running geld pH 8.80 OO. OO geld 500
00 00 20/0(2x 10° celld O0O)O OO O glycine
running buffer(200 mM glycine, 30/mM Tris-B,
pH 8.3, 1% SDS)O 0 60/v0O 2-300 O0O0O0O. OO
0 00O geld Towbin's 000 ((192/mM glycine,
25/mM Tris, pH 8.3, 0.1% SDS, 10% methanol)
00 400/mAC 100 00 00000 0DO0O0. 0000
000 00do 5% skim milk TBST (10/mM Tris,
pH 8.0, 150/mM NaCl, 0.1% Tritonx 100 OO O
00 00 blockd O 1:1000-1:400000 OOOO 10
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oo 4000, 50, 150, 150) 00 00O HRPO
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1. 000 retroviral vectord 00
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miniprep0 0 O000 O0OO0O OO0 Eco RIOO sub-
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2. THOOOO O0OC0O O cloned OOOO OO

TH/pLNCXO retroviral packaging cell line
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000 0000 O 10°00 000 100/0 0 lysis 00
0O 0000 00 20/00 10% PAGE-SDSO CoOOO
anti-TH OO0 blotDO0O(Fig. 2). 0 00 OO OO
0000 NH-3T3U0 THOOOO 00 OO0Oogd ogo
Odane 1) OO0 NH-3T3O OO0 OOO OOCO O
0 THOOOO O0O0O0O O O oOO0dane 2-11). OO
KNTH1, KNTH4, KNTH8, KNTH120 OO0 OO TH
000 0000 KNTH2, KNTH5, KNTH4O 0000
O OO0 000 KNTH7, KNTH9, KNTH10O OO
THOOOO OO0 00 00ooo 00 ooo.

3. THO GTPCH O ODOO0O OO OOOO O cloned
gooo oo

Invivo OOOO THOODOO OO0 tetrahydro-
biopterin(BH,)0 TH 0000 000 OO0 000 O
OO0 000 THOOOOD 000 OO0 KNTH4O OO
GC/pAgHCO OO OOD0 virusOD OOODOO.O0OO
KNTH4O OO0 0000 O cloned OOOO0 OO0 OO
O0.00 0000 colonyll OOOOO O 30 OO0
oo00 0000 OO0 1200 colonyd OO
KNTH4GC1O O KNTH4GC120 O OO0OOO. O0oOd
1200 colonyd 800 colonyl OO0 OO0 OOOO
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Figure 1. Subcloning of Ty-
rosine hydroxylase and GTP
cyclohydrolase | into pLNCX
(A) and pA gHC (B), respec -
tively. A: One of the six plas -
mid DNAs digested with Bam
HI and Xho | shows 1.2 kb
fragment (lane 3) indicating a
successful cloning. B: Two of
the six plasmid DNAs digest -
ed with Eco RI show an
increase of 3.2 kb to 4.1 kb
(lane 1, 5) indicating a suc -
cessful subclonings. Far left

e lanes in each panel is size

w o markers (A DNA digested
: with Hin dill and Eco RI). C:
Schematics of functional units
of recombinant retroviral
L vector plasmids having tyro -
EACIRE sine hydroxylase (top) and
O GTP cyclohydrolase | (bot -
tom).
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KNTH4GC3, KNTH4GC4, KNTH4GC9, KNTH4GC11 KNTH2GC 00000 anti-GTPCH O OO0 O0O00O0O
o0 o000 obob boo boo ob boob booo GTPCH 0 0000 OO0 0OOO OO OO0 00O

00000000 GC/pAgHCO OO GTPCH OO OO GTPCH O OO

00 0000 O O 000(Fig. 3B). O

g oobobooob.o0oboboobooboo oo 00 KNTH2GC4, KNTH2GC6, KNTH2GC7O 00O 0O

000 OO0 GTPCH IO 0000 O O 000 (Fig. 3A). 0 000 000 0000 KNTH2GC1, KNTH2GC3,
KNTH4O 0000 O infectiond 0 0000 OO0 OO KNTH2GC5, KNTH2GC80 00 000, OO0
0 GTPCH IO 000000 OO0 000 000000 KNTH2GC100 00 00 000 GTPCH O 0000 O
0 00000 0000 000 000 000 0 0000 000 ooo.

0O 00000 THOOOO 0000 KNTH2(Fig. 2,

lane 3)0 D000 00 OO0 GTPCHO OO0 0000 4. GTPCH IO 000 THO 000 OO0 OO0
000 000.0 0000 00 1200 colonyd 00O GTPCH IO OO0 0000 THI 00O BHAO THO
0 KNTH2GC1-KNTH2GC120 00000. 00 O 000 OO0 000 000 0000 00 KNTH2O

KNTH2HC2O 00000 OO0 000 KNTH4GCO OO0 KNTH2GCeO O O 000 000 OOO0O0OO(Table
GTPCH O 0OOOO OO0 OO 000 (Fig. 3A, lane 1). 0 00000 O 00000 gooo THO OooOOd
2) KNTH2GC9, KNTH2GC11, KNTH2GC120O O 000 O tyrosinel hydroxylation OO0 0000

cloneD O00O0OO OOOO ODOOO. DO 8000 ooobD ogo

b2 3 04 5 6 7 #0090

T — S

00 00 O000O. KNTH2O0 GTPCH |

Figure 2. Western blot analy -
1 I sis of 10 colonies (lane 2
through 11) of NIH-3T3
infected with recombinant
TH/pPLNCX virus. Theimmo -
bilized samples were blotted
with anti-TH antibody. The

—

first lane contains sample prepared from uninfected NIH-3T3 and following lanes contain samples from KNTH1, KNTH2, KNTH3,

KNTH4, KNTH5, KNTH7, KNTH8, KNTH9, KNTH10, and KNTH12, respectively.

2 3 4 3% 6 7T & 910

® romepwe-

Figure 3. Western blot analysis of colonies
from KNTH2 or KNTH4 infected with recom -
binant GC/pA gHC virus. The immobilized

samples were blotted with anti-GTPCH |

antibody. A: Lane 1 shows negative control

(KNTH2) and lane 2 through 6 show

KNTH2GC2, KNTH4GC3, KNTH4GC4,

KNTH4GC9, KNTH4GC11 cells, respective -
ly. B: Lane 1 shows positive control, lane 2

shows negative control (KNTH2), and lane 3
through 10 are KNTH2GC1, KNTH2GC3,

KNTH2GC4, KNTH2GC5, KNTH2GCS6,

KNTH2GC7, KNTH2GC8, KNTH2GC10,

respectively.
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GTP cyclohydrolase 00 Tyrosine Hydroxylase OO, 00 O 000 000 OO0 OO

U oob ooo oo bbb booo obbboooo oo
000 000 00 1/710-1/15 000 OOO0OOO
KNTH2GC6D CO0O0O0O 1veoO OO OO OOO. O
0 000 DO0ODO OO0 bOD@E8%) THO OO0 O O
0 ooob.0 000 oboo ooo bbooo oo 3
b oooooobobbb ooooo.

5. 000 tetrahydrobiopterinC TH OO0O0O OO0
ooo oo

THO OO0O0 OO0 OO0 OO0 tetrahydro-
biopterinD OO0 0O00. 0000 THOOOO 0OOO
gobobo oo 00 obbo ooo oob bbooo oo
O THO GTPCH IODO OO0 000 O0O(KNTH2GCS,
KNTH2GC6, KNTH2GC8)U O TH OOOO 00000

Table 1. TH activity assay of control and cess espressing TH
aloneor TH and GTPCH |

THO OO0O0 00 KNTH2O O0O0OO0. 00 oOood
000000 90% 00 O0OO0O0 obobo O oooo
0O 0000 THOOOO OO0 00000 Fg. 4A). O
OO0 GTPCH O 0000 OO OOOO DOOO
KNTH2GC 0000 000 OO0 THOOODO 0000
0000 Fig- 4A, lane 2, 3, 4) KNTH2(Fig. 4A,
lane 1)0 OO0O0O OO0 OO OO THOOQOOO OO
oo oo bbb ood. b0 bbodob oo oo
O0OC0OO0 OO0 KNTH20 0OOOO OOOO OO
KNTH2GC6D 0000 DOOO0O0O0O OODOD0O Oood
THO 00 O00O000(Fig 4B). O Fig. 4B lane 10 7
00 2x10°0 KNTH20 KNTH2GCeO 00 00000
Fig 4B lane 600 1x 10°, Fig 4B lane 500 5x 10°
OO0 000 O0oOD.O 00 Fig- 4B lane 10 OO
00O lane 30 lane 40 0O0OO0OO0OO0O DOOOOO
KNTH2GC6O KNTH2O OO 0O 100 OO0 OO TH
o000 oooo ooo oo ooo.

6. THO OO0 BH,O0 O0O0O0O0O OO0 OO

GTPCH IO OO ODOOO BH,O0 phenyalanine
hydroxylase, tyrosine hydorxylase, tryptophan
hydroxylase, nitric oxide synthase 00 000 O
000 000 OO0 PC12 00O murine ery-
throleukemia 00000 mitogenic effectd 00O
O00.*® 000 00000 00 000 oooo oo o
KNTH2GC6

Sample TH activity (nmymg/min)
Sriatum 0.0642
Hippocampus 0.0383
NIH-3T3 0.0000
KNTH2 (80% confluent) 0.0042
KNTH2 (98% confluent) 0.0070
KNTH2GC6 (80% confluent) 0.2688
KNTH2GC6 (80% confluent) 0.4036
TH: tyrosine hydroxylase
GTPCH |: GTP cyclohydrolase | U0 0oob oob 0obobo bbo booo
| " 1 2 3 4
- T S —
. ————
S il

Figure 4.
Comparison of expression
level of tyrosine hydroxylase
in cells expressing TH alone
(lane 1) vs. cells expressing
both TH and GTPCH I(lane 2
through 4). A: 10° cellsfrom
each cell lineswere lysed in
100 O of SDSlysis solution
and 20 0 wasloaded in each
f‘j -'}r lane. SDS-PAGE separated
samples were blotted with
anti-TH antibody. Lane 1:
KNTH2, lane2: KNTH2GCS5,
lane 3: KNTH2GCS6, lane 4:
KNTH2GCS8. B: Western blot
analysis of 2.0x 10° KNTH2
(lane 1), 6.25x 10* KNTH2-
GC6(lane 2), 1.25x 10°
KNTH2GC6(lane 3), 2.5x 10°
KNTH2GC6(lane 4), 5.0x 10°
KNTH2GC6(lane 5), 1.0x 10°
KNTH2GC6(lane 6), 2.0x 10°
KNTH2GC6(lane 7). Asin

Fig. A numbered cellswere lysed in 100 pl of SDSlysis solution and 20 Wl was loaded in each lane.
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Table 2. Comparison of expression level of tyrosine hydroxy -
lase in TH expressing cells vs. cells expressing both TH and
GTPCH I.

Cdl line Densitometric reading
KNTH2 3576
KNTH2GC5 9877
KNTH2GC6 11253
KNTH2GC8 5000

TH: tyrosine hydroxylase
GTPCH |: GTP cyclohydrolase |

0 000 BHO O OOD OO0 OO0 OO0 OO0
O0. 00000 1x10°0 KNTH2GCed 0000
GTPCH IO OO0 DAHP(2.5 mM) OO sepiapterin
reductasel] 00O NASA mM)O O O OO0 OO O
Jo00.0 0000 0000 oo ooo oooo o
00 0000 0000 10 20 0000 oDOoOooOoO. 3
0 00 000 O twyripsinDd OO0 OO0 trypan
bluel OO0OO0 OOOO 000 OO hemacytometer
0O 000(Table 2). 0000 OO ODOO KNTH2GC6
0 3000 1x10°00 13.8x 10°00 0O0O0O O 24-
30000 OO0OO0OD0O 0000 NASOD OO0 OO0
4.4x 10°00 0O0OOO DAHPO OO0 OO0 6.8x
10°00 0000 BH,0 OO0 OO0 000 oO0O O
00 000 000. 000 OO0 0O0O oooogo
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Table 3. Growth rate of KNTH2GCE at the presence or absence
of inhibitors of BH4 biosynthesis.

Inhibitors Cell number (x 10°)
No inhibitor 13.8
NAS 4.4
DAHP 6.8
NAS+ DAHP 11

NAS: N-acetylserotonin
DAHP: 2,4-diamino-6-hydroxypyrimidine
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