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Tyroslne hydraxylase (TH), also called tyrosine 3-monooxygenase (EC 
1 14 16.2), catalyses the first step III catecholamme brosyntheas, i.e. the con- 
version of L-tyrosme to 3,4dlhydroxy-L-phenylalanme (DOPA) m the presence 
of ptenn cofactor This enzyme IS present m the bran-r, in peripheral 
noradrenerglc nerves and m the adrenal medulla [l] TH activity is rate-limiting 
[ 21 and hence of particular importance m the regulatron of catecholamme bra- 
syntheses 

Many methods have been developed to assay TH actmrty. Smce the enzyme 
actrvrty 1s very low, the radrochemlcal assays using [3,5-3H] tyrosme [3, 41 or 
r4C-labelled tyrosme [l, 51 as the substrate have been frequently used. 
Fluorometrlc methods [6, 71 also offer enough sensrtrvrty but requrre, as in 
most radiochemical assays, the isolation of the product before it can be 
quantrtated. TH actrvrty can also be assayed by coupled-enzymatic [8] or non- 
enzymatic /9] decarboxylatron of DOPA formed from L-[1-14C]tyrosme In 
these methods, the evolved 14COz IS trapped and counted 

High-performance hqurd chromatography (HPLC) wrth electrochemical 
detectron is a fast and sensrtrve method to assay TH actrvrty in drfferent tissues 
[lo-121. Recently, HPLC wrth on-line radrochemrcal detectron has been 
shown to be a better method than fraction collectron and subsequent hqurd 
scmtrllation countmg when radloactrvrty m HPLC eluates 1s measured [13]. 
It 1s also sensitive enough to assay low enzyme actrvrties [14]. 

Here we describe a rapid and sensltrve assay for TH actrvrty by HPLC with 
on-line radrochenncal detection This assay permits accurate determmatlons of 
the enzyme activity in bovine adrenals. 
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EXPERIMENTAL 

Chemicals 
LTyrosme, cat&se from bovme hver, D,L-6-methyl-5,6,7&tetrahydro- 

pterme (6-MTHP) and dlthlothreltol (DTT) were purchased from Sigma (St 
LOUIS, MO, U S A ) L-[U-‘~C] Ty rosme (speclflc actlvlty 500 mCl/mmol) and 
aqueous counting scmtlllant (ACS) were from Amersham InternatIonal 
(Little Chalfont, U.K ) Octane sulphonate was obtained from Eastman- 
Kodak (Rochester, NY, U S A ), 3-lodotyrosme from Fluka (Buchs, Swltzer- 
land) and methanol (HPLC grade) from Orion Pharmaceutical (Espoo, 
Finland) All other reagents were of analytlcal grade and purchased from com- 
mercial sources 

Tissue preparation 
Fresh bovme adrenals were collected on dry ice and stored at -70°C until 

used For TH assay, the adrenal cortex was removed and the medulla was cut 
mto pieces Tissue pieces were homogenized 1 4 (w/v) m 0 25 M sucrose using 
a Polytron homogenizer The crude homogenate was further homogemzed with 
Potter-Elvehjem homogenizer and finally somcated twice for 30 s at 40 W 
The fine homogenate was centrifuged at 40 000 g for 30 mm The supernatant 
was dlalysed m an Amlcon ultraflltratlon apparatus Model 8050 using PM 10 
membrane-a (Amlcon, Danvers, MA, U S A ) and diluted with 50 mM sodium 
phosphate (pH 7 5) contammg 1 mM DTT to a protem concentration of ca 
20 mg/ml All the above steps were carried out at 4°C The enzyme solution 
was stored m small ahquots at -20°C wlthout loss of actlvlty at least for one 
month. Blo-Rad protein assay kit (Blo-Rad Labs , Richmond, CA, U S A ) 
was used for protem determmatlons 

Assay 
Assay of TH actlvlty was carned out m a total volume of 225 ~1, which con- 

tamed the followmg components 100 ~1 of 1 M sodium acetate (pH 6.0), 
10 ~1 (3500 U) of catalase, 25 ~1 of 10 mM 6-MTHP dissolved in 0.5 M ascorbic 
acid, and 40 ,ul of enzyme preparation. The reactlon was started by the addl- 
tlon of 50 ~1 of 0 4 mM [14C] tyrosme contammg ca 120 000 dpm (specific 
activity 2 7 mCl/mmol) The blank was incubated without 6-MTHP The 
reaction was stopped after 10 mm mcubatlon at 37” C m open vials by the 
addrtlon of 25 ~1 of 4 M perchlorlc acid The protem precipitate was removed 
by centrlfugatlon and a 20911 allquot of the supernatant was inJected mto the 
hquld chromatograph for on-lme radlochemlcal detectlon 

Chromatography 
The HPLC system consisted of an Altex Model 110 A pump (Beckman 

Instruments, Fullerton, CA, U S A ), a Rheodyne Model 7125 inJector mth 20- 
,ul sample loop (Rheodyne, Cotatl, CA, U S A.), and a 5-pm Radial-Pak Cl8 
radially compressed column with precolumn m a Z-module (Waters Assoc , 
Mllford, MA, U.S A ) The mobile phase consisted of 0 1iV sodium phosphate 
and 1 5 mit4 octane sulphonate (pH 3 0) m 15% methanol The flow-rate was 
1 5 ml/mm. The detection of non-radloactlve compounds was caMled out with 
a Waters Model 441 absorbance detector at 254 nm 
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The on-lme liquid scmtlllatlon countmg was performed mth a Flo-One HS 
flow-through radloactlvlty detector (Radlomatlc Instruments and Chemicals, 
Tampa, FL, U.S A ) The radloactlvlty detector was mterfaced directly wrth 
the HPLC system and the countmg was performed using an effluent-to- 
scintlllant ratio of 1 3 

The counting efficiency (CE) was estunated by pumping a known amount of 
dlstmtegratlons per mmute (dpm) m scmtlllatlon flmd through the radlo- 
activity detector, which was also connected to the working HPLC system with 
a mixmg ratlo of 3 1. Then, CE = 3/4 X cpm X cell volume (2 5 ml) X 
lOO/dpm. 

The quantltatlon of the 14C-label was achieved simultaneously as net dpm 
per peak, with results bemg prmted out on the Flo-One prmter. The radlo- 
activity signal from the detector was also plotted as a histogram usmg a strlp- 
chart recorder. 

RESULTS AND DISCUSSION 

The chromatographlc pattern of TH assay usmg [14C] tyrosme as the 
substrate 1s shown m Fig 1. The blank (Fig. 1A) shows that under our 
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Fig 1 Chromatographlc profiles of W-labelled reactlon products from tyrosme hydroxylase 
assay using [“Cl tyrosme as the substrate (A) Blank, 1 e reaction mixture urlthout GMTHP, 
(B) standard assay, (C) assay urlth 50 crI!4 3-lodotyrosme Chromatographlc condltlons 
5-tirn Radial-Pak C,, cartrldge (100 mm X 5 mm I D ) m a Z-module, mobile phase, 15% 
methanol m 100 mlM sodmm phosphate buffer (pH 3 0) contammg 1 5 mM octane 
sulphonate, flow-rate, 1 5 ml/mm, qectlon volume, 20 ~1, radlochemlcal detectlon urlth 
sensltlvlty of 1000 dpm full scale, “C-countmg efflclency, 61% 
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experrmental condrtrons the enzyme was totally mactlve without the adhtlon 
of the pterm cofactor. The retention time for the product DOPA was 5.1 mm, 
which resulted m baseline separation from the substrate L-tyrosme (Fig. 1B). 

When the incubatron was performed m the presence of 50 p&f 3-lodo- 
tWosme, a specific mhrbrtor of TH, a 90% mhlbltlon m the enzyme actlvlty 

Was recorded (W. ICI. 'Iks was further evidence that the peak elutmg at 
5 1 mm was fomd from L-tyrosme by the actron of TH. Since small mol~~es 
were removed by ultrafiltration, It was unnecessary to measure the endogenous 
concentra~on of L-tYrosine, which may affect the TH actnqty determlnatrons 
m radiochemrcd assays, where the specrflc actlvlty of the substrate must be 
known 

The rate of DOPA form&on was linear for 10 mm (Fig. 2), w&h resulted 
in Short im.htion times. The amount of DOPA increased linearly with protein 
concentration up to 1 mg (Fig. 3). The reproduabrhty of the standard assay 
with 0.8 mg of enzyme protem and a lo-mm incubation was 4% (n = 6), ex- 
pressed as a coefficient of variation This accuracy describes well the properties 
of HPLC wn,h radrochemlcal detection to assay enzyme actlvlties. The counting 
efficiency was 61% for 14C under the described chromatographrc condltrons 
Hence, HPLC wrth radrochemlcal detection offers about the Same *nSltlvltY as 
conventiond hqmd scmtrllatlon countmg. This makes It possible to quantltate 
100 dpm per qectlon, correspondmg to 20 pmol of product using 
[ 14C] tyrosme (speclfrc acitlvlty 2.7 pCr/pmol) 

The Mlchaehs-Menten constant (KM) for bovme adrenal L-tYroane was 
found to be 275 + 62 @f (n = 3), and a V,, value of 1.60 * o-70 
nmol/mln/mg protem was calculated Previously reported KM dUeS for bovme 

adrenal TH vary from 50 to 170 PM, depending on the degree of pm’rtY, the 
amount of cofactor and the assay method [l5-191. 

lncubatm time (mm) 

Fig 2 Tnne course of enzymatic [ W] DOPA formation from 70 PM [ W] tyrosme in the 
standard mcubation mixture contammg 0 8 mg of bovine adrenal tyrosme hydroxylase 
preparation 
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Fig 3 [%]DOPA formation as a function of enzyme concentration Standard reactlon 
mixtures contammg mcreasmg amounts of enzym protem were incubated for 10 mm at 
37°C 

TH can be actrvated wrth Fe2+ [16] and, consequently, in several assays, 
Fe2+ has been added to boost the TH actlvlty (e.g refs 1, 3, 7 and 18). How- 
ever, m inhibition studies the catechol analogues may form complexes w&h 
Fez+ 1201 and thus produce false mformatlon One has also to keep m mmd 
that crude enzyme preparatrons contam other endogenous compounds, such as 
catecholammes and biopterin, which may interfere with TH assay. 

The TH assay method described here does not have these drawbacks It is 
sensmve enough to study TH activity m adrenals, striatum and other tissues m 
a well defined mcubation mixture. The HPLC-radiochemical assay 1s more 
costly than the HPLC-electrochemlcal assay, but it allows mterference-free 
reliable handlmg of about 40 samples per day, makmg it useful for rapid 
screening and mhlbltlon studres 
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