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Ahstr~& llte substrate specificity of L-prolinc Chydroxylasc. a 2-0~0 
grixaviridru p8648. was investigated. Preliminary days measuring turnova 

Marate dependent diox 
d Y 

ase from Streptomyces 
2-OXOgb~Xte inctii ,4&hydrr+L+olinc was 

an cffiicnt substrnte. The identity of the product was shown to bc 2&3R,4&poxy-Z+roline by comparison with synthetic 2&3R,4S- 
and 2s,3S,4kpxy-Lprolin. 

Three of the foti diastenzoraers of 4-hydroxypmliae are naturally occurriag. * Ia all cases investigated L 

proliae has been showa to be the precursor of the hydroxylated Fliaes.2 2S, 4R-Hydmxyproliae is the most 

abundant being bpth a constituent of collagen3 and a number of secondary metabolites including the 

echinocsadins and etamycia.4 The hydroxylation of protocollagen has been extensively investigated aad occurs 

via a post-translational modification catalysed by prolyl-4-hydroxylase (EC l-14.1 l.2).3 In contrast the 

biosynthesis of 2S, 4R-hydroxyproliae in Streptomyces spp. occurs by ,hydroxylation of free Lprolines aad L- 

proline hydroxylase has been purified from S. griseoviridus P8648.6 Both mammalian prolyl hydroxylase sad 

bacterial proline hydroxylase are ferrous ion dependeat sad utilise dioxygen and Zoxoglutsrate as cosubstrates, 

heace they belong to the family of 2-oxo acid and related dioxygeaases.7 The stemochemical course of the proline 

hydroxylation reaction has been shown to occur with reteatioa at C-4 of proline. 

A common property of 2-oxoacid dioxygeaases is a relatively lax oxidation substrate specificity. As well 

as alternative hydroxylatioa substrates having been found in several CT, these enzymes have been shown 

capable of the epoxidatioa of alkeaes. the sulphoxidatioa of sulphides aad the keteakation of alkyne functionalties 

present in unnatural substrates.3*9 III the c8se of prolyl4-hydroxylase a number of proliae analogues have been 

incorporated into suitable peptides and subsequently showa by assays based on the turnover of 2-oxoglutarate to 

act as inhibitors or apparent substrates.3 However, because of the polymeric aatme of the products in no case were 

the structures of the products confirmed. 10 aad several examples have been reported where substrate aaalogues 

apparently increase the rate of turnover of 2-oxoglutsrate to succiaate and co2 without beii oxidised.‘t 

Herein, we report preliminary studies on the sub?rate specificity of proline 4-hydroxylase from S. 

griseoviriuhs P8648. which indicate that this eazyrne has poteatial for the in vitro fuactioaalisation of Lproline 

aaalogues. Since a number of functicmalised proliae derivatives are aatural prodt~&~ or are used as intermediates 

in the synthesis of ph stmaceuticals the development of proliae hydmxyiase as au in vim reagent may he of some 

Utility. 
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Table 1: Proline 4-hydroxylase induced decarboxylation of 2-oxoglutarate in the presence of L-proline 
analogues. Incubations were carried out (at least in triplicate) at 26% pH 7.5. with shaking (2Wrpm) in a total 
w&me of 50 pl of 25 mM TEL9 buffer containing 0.2 mgml-l catake, 0.5 m&I iron (II) ammonium sulphate. 
0.1 mh8 sodium ([14C (II)]-2-oxoglutarate) (0.08 @) , I or 2 n&4 substrate analogue and 10 pl of praline-4- 

hydroxylase solution, typically containing 250 m of ~i~e4hy~~yl~ of activity = 4 nmolmin-lmg-1 at [t 

proline] = 18 m. 

Due to the low levels of protein available to screen analog&s as potential substrates we initially used an 

assay based on the conversion of 2-oxoglutarate to succinate and CO2.13 Seven Gproline containing peptides [L 

pro-gly; Lpro-gly-gly; L-pro-Gleu; L-pro-L-ile; L-pro-L-leu-gly-NH2; L-pro-Gphe-gly-ZPiys; L-pro-2S,4R- 

hydroxyproline-l-pro] were assayed in this manner, but none showed activity above uncoupled levels, 

suggesting these compounds were unable to bind to the enzyme active site. Similarly amino and carboxyl 

derivatives of proline (e.g. apex&, L-prohne na~yl-Z-ode, N-acetyl Gprohne, ~-~~yloxy~~nyl 

tproline) were inactive.t4 The results for ring modified Lptoline derivatives were more interesting (Table 1), 

in that increased levels of 2-oxoglutarate decarboxylation were observed suggesting such analogues act as 

potential unnatural oxidation substrates of proline 4-hydroxylase. In particular, dehydro-tprbline 1 stimulated 

the formation of succinate to a greater extent than the natural substrate Lproline. An analogous observation has 

been reported for hyoscyamine 6P-hydroxylase. 15 Significant turnover of Zoxoglutarate was also seen in the 

case of Lpipecolic acid 2. However, stimulation of %oxoacid decarboxylation cannot, in itself, be regarded as 

de~nitive proof of substrate oxidation. For a number of related enzymes, l pseudosubst~tes’ have been 

identified, which cause a stimulation of 2-oxoglutarate clecarboxylation without themselves being turned over.1 1 

Such reactions would be expected to show a strong dependence on L-ascorbate, the proposed alternative 

reductant participating in such uncoupled cycles. * 1 Indeed, inclusion of Gascorbate in the proline 4-hydroxylase 

reaction mixture was found to stimulate the enzyme catalysed decarhoxylation of 2-oxoglutarate both in the 

presence of l(1 O- 15% enhancement) and in the absence of any proline analogue whereas no such enhancement 

was observed for the coupled hydroxyiation of Gproline. It was thus important to verify that oxidation of 1 was 
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occur&g. The low levels ofprolin&-bydroxylase available from the natural tiourwe ~1~ the isolation and 

direct characmrisation of the incubation products msulting from incnbgtion of dehydroL-proline 1, but 
phenylisothiocyanatc (PJTC) dmivatisation of the crude prod- followed by b.p.1.c.; analysis ~uggcsted ,Jhe 

production of a new amino acid. We speculated that an epoxide [Lc. 3a or 3bl was produced. Authentic 

S-~-TCqWfOr~ 

Epoxir3auion of ~-~~~p~nyl-3,~~~~ methyl ester with triflec acid has 
becn~f6The~~tcpoxidkswen~mbec~~y~eaad~~U, 
form the free ammo acids [Le. 3a or 3b] not possible. They were apparently nsistant to catalytic 

hydrogenolysis, hence we investigated the s~thesis and deprotectior~ of the iWmzyhx~yl-3,4-epoxy- 
t-prolinc benzyl esters. The requisite 3.4-dehy~LproRne derivative 7 (Scheme 1) was synthesised from 
4R-hydmxy-Lpmline 4 using a mod&d version of the method of Rlkger et ~1.17 After diprotection, tosylatiou 

to give 5 wss achieved using 1-(tolucnesulphonyl)-3-methylimidaxolium triflatel* Selenation of S to give 6 
was carried out in &OH to avoid ester exchauge which occmred when ethanol was used as solvent. Selenide 6 

was converted to the required dehydro&pmline derivative 7 by oxidative elimination. TEa&mntof7withnK- 
CPBA in the presence of a radical inhibitor19 gave & (54%) and 8b (22%) which were readily separated by 
flash chromatography and deprotected to give the desired epoxides Ja and 38. Confirma~ of the 
stie~hemical assignments was achieved by synthesis. Titus, reaction of7 with ~-~y~ho~-~~~~ 
and catalytic CM&= gave diols 9&b (!k:9b > 1o:l). De-on of 91 gave the ammo acid 18 with analytical 

data consistent with that previously reported for its euautiomer. 21 Diol9a was converted to epoxide 8a by 
treatment with acetoxyisobutyryl bromide22 in acetonitrile to give a mixture of lla,b, which when stirred with 

K2CO3 in benxyl alcohol gave epoxide 8a. (Benxyl-IV-benxyloxycarbonylpyrrole-2-carboxylate (14%) and 
Umacted starting material (17%) wem also isolated). 

RQ + 

q$co.#_Y&Bu;&**&. i Y ie. 

H 2 z * z 
IO w (4) 171 

viii. 

Hyg=i~~~&Bk 

(‘~=~~s;lapb) z 

t*:, 

A:9brlO:l 
=kfL 

0:) 
H H 

<a*> Ub) 
Scheme 1: (ii> PhCH&XXX!i I F&OH I THP I H20, (ii) PhCH2Br / NaI I K2CO3 I Dm, (iii) l- 
(toluenesulphouyl)_3-methyRmidaxolium frifk.of IV-methylimkko~ / THIT (iv) Nary / PhSeSePh / tBuOH / 
#flux; (v) H202 / CsHsN / CHgClz; (vi) m-C&A / 3-tbutyl-4-hydtoxy-5-methylphenylsulphide / 1,2- 
dkhloroetlume / mflux; (vii) H_L / Pd / m / Hzo; (viii) cat. OS04 /ZV-metbyhnorpholine-Noxide / tsuOH / 
H2C$ (ix) ac&cyisobutyryl bromide / CH3m (x) KgC0.j / PhCHgOH, 
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H.p.1.c. an&y& of P’lTC-dezivatimd 3&dehydro-~I&ine 1 inc&tion mixtures consistently showed 

a peak with a retention time identicaI to that hf a similarly de&it&d sanlple of synthetic rr~s-3&epoxy-G 

prollne 3p, indicating that proline4hydroxyIasa crdeljrses ePoxidation of3&dehydr&-proIine 1 to give rrurls- 

3,4cpoxy-@&inc. No evidence was accrued fbr the production of cis3,4-@mxy-tproline 3b. In conclusion 

we have demonstrated the potential utility of pmline hydroxylase for the fn v&o ~ti~~ation of proIine 

analogues..teffortsan~towards~productionoftt&~~~arerombinantsounxtoenabie 

preparative scale work to eankd out. 

We are gmrefii to the S.&R.C. for support of this work and to Mr. J. W. Keeping and Mr. J. Pitt for 

expert technics acristmrcc and Dr. A. C. WUs for amino acid analyses. 
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