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Table 2. Chromatographic and optical properties of orchicyanin from Dactylorhiza maculata 

Rf-value. 100 
BAW BHC1 1% HC1 AHC1 Colour 2max [nm] 

Cyanin 26 07 16 42 red 511,273 
Orchicyanin I 06 02 14 39 red 513, (312), 267 
Orchicyanin II 30 20 27 58 violet 526, (322), 350, 267 

Rf-values of paper chromatograms on Schleicher u. Schiall, Nr.2043a. BAW n-butanol-concentrated acetic acid-water (4:1:5, top layer); 
BHC1 n-butanol-2N HCI (1:1, top layer); 1% HC1 water-concentrated HC1 (97:3); AHC1 concentrated acetic acid-concentrated HCl-water 
(15:3:82). 2max absorption maximum in 5% acetic acid; small peaks in parentheses. 

by the blocking of the hydrox~r groups in the B-ring of 
cyanidin. Bayer and Wegmann ~ found that a degradation 
of anthocyanins by the enzyme cyaninoxidase does not 
happen unless 2 free hydroxyl groups are present in the 
B-ring. 
The optical and chromatographic properties of the orchi- 
cyanins from Dactylorhiza maculata are listed in table 2. 
Particularly the spectral investigations yielded, according to 
the orchid species, variable values. This finding points to 
different compounds associated with cyanin in the orchi- 
cyanins, and may be of taxonomic importance. Further 
investigations are being made in order to determine them 
in the various species. 
The relative concentrations in table 1 (pigment contents 
refered to the sum of all anthocyanins) have, within the 
same species and at the same development stage of the 
flowers, almost constant values. Also plants of different 
origin show this typical relative anthocyanin concentration 
of the species, even though the variability is a little greater. 
The absolute concentrations (anthocyanin contents refered 
to the fresh plant material) are, of course, much lower. On 
application of the spectrophotometric method and cyanin 
for calibration, the following average total anthocyanin 
concentrations of fresh (about for 2 days opened) flowers 
(labellum, sepals, petals) were measured: Dactylorhiza 
maculata 0.2%; Dactylorhiza majalis 0.7%; Gymnadenia 
conopea 0.15%; Nigritella nigra 2.0%. The absolute con- 
centrations are much more variable within the same 
species, even in plants from the same place of growth. 
All concentrations alter during the development of the 
flowers. Comparing investigations and determinations of 
variability must be made with this in mind. 

The anthers of the European orchids contain either no 
anthocyanins at all or cyanidinglucosides with a simple 
structur: cyanidin 3-monoglucoside, cyanidin 3-diglucoside, 
and cyanidin3,5-diglucoside. Cyanidin3-monoglucoside 
occurs alone in the anthers of Nigritella nigra and Ophrys 
insectifera. Both, cyanidin 3-glucosid and the cyanidindiglu- 
cosides have been found in following species: Dactylorhiza 
majalis, D. maculata, Orchis purpurea, O. simia, O. morio 
and O. mascula. 
These results indicate that the diglucosides occur mainly in 
the anthers of Orchis and Dactylorhiza which contain 
orchicyanin in the petals. In these species, at first the more 
simple structured chrysanthemin is formed. Therefore it 
occurs above all in the anthers of the buds. At the begin- 
nung of the anthesis, the biosynthesis of the diglucosides is 
accelerated, so that their highest concentration is reached in 
the anthers of flowers several days open. 
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Purification de la S-ad6nosyl-L-homocyst6ine hydrolase du foie de rat par chromatographie d'affinit61 

Rat liver S-adenosyl-L-homocysteine hydrolase purification by affinity column chromatography 
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Summary. S-adenosyl-L-homocysteine hydrolase (EC 3.3.1.1) has been purified 240-fold from rat liver by affinity column 
chromatography on aminohexyl sepharose bound 6-mercaptopurine 9 D-riboside. The purified enzyme was homogeneous 
by gel electrophoresis. 

La S-ad6nosyl-L-homocysteine hydrolase (EC 3.3.1.1) est 
trrs rrpandue 2-6. Chez l 'animal elle existe dans presque 
tous les organes, dont le foie et le cerveau 7-1~ Elle catalyse 
l'hydrolyse en adrnosine et en homocystrine de la S- 
adrnosyl-L-homocyst6ine (SAH) elle-m~me formre ~t par- 
fir de la S-ad6nosyl-L-mrthionine (SAM) dans les rractions 

de transmrthylation, mais la synthrse de la SAH est ther- 
modynamiquement favorisre 2-n. Comme la SAH est un 
inhibiteur puissant des mrthyltransfrrases n e t  prrsente des 

12 proprirt6s neurotropes rrcemment mises en 6vidence , il 
apparait que la SAH-hydrolase dolt jouer un r61e rrgu- 
lateur. Afin de prrciser ce r61e, nous avons entrepris 
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Prot6ines ( m g )  Activit6 totale Activit6 sp6cifique Rendement global Taux 
(unite*) (unit6/mg prot6ines) en activit6 tot,ale (%)** de purification 

Homog6nat brut 9750 108 0,01 t 
Surnageant ~t 20000 x g 2150 69 0,032 64 3 
Fraction 40-50% SO4(NH4)2 548 57 0,10 53 9 
Affinit6 sur mercaptopurine 
riboside-aminohexyl 
sepharose 7 18 2,60 17 240 

* Une unit6 est la quantit6 d'enzyme catalysant la formation de 1 i.tM de SAH par min. ** Les rendements sont calcul6s h partir de 
l'activit6 totale de l'homog6nat brut. 

l'isolement de l'enzyme du foie de rat et mis au point une 
m6thode originale de purification par chromatographie 
d'affinit6. Depuis sa d6couverte 2, elle a d6j~t 6t6 purifi6e 
d'abord partiellement h partir du foie de rat 2, de la levure 6 
ou des feuilles de Beta vu[garis 7, puis jusqu'h homog6n6it6 
~t partie du foie de boeuf 13, et enfin r6cemment cristallis6e 
partir de foie de veau 14. 
MatOriel et mkthodes. Nous avons employ6 des rats mgdes 
de souche Wistar pesant 250-300 g au moment du sacrifice 
et nourris ad libitum. L'activit6 de la SAH hydrolase a 6t6 
d6termin6e comme suit: dans un volume final de 2 ml, 
5 pM d'ad6nosine, 10 ~tM de dl-homocyst6ine, 10 ~tM de 
thiodiglycol et 100 ~tM de tampon phosphate de sodium 
(pH 6,8) sont incub6s avec 0,2-1 unit6 (U) d'enzyme. Apr6s 
10-30 min d'incubation h 37 ~ la r6action est stopp6e par 
chauffage au bain-marie bouillant et le milieu r6actionnel 
filtr6 sur disque millipore (HAWP 02 500). L'exc6s d'ad6no- 
sine et la SAH sont s6par6es par chromatographie sur 
colonne de Dowex 1 x 8 (CO3H-) (h= 10 mm; O 12 mm) 15. 
L'ad6nosine est 61imin6e par lavage avec 100 ml d'eau 
distill6e puis la SAH 61ude par le tampon HC1-KC1 0,1 M, 
pH 2,5 et dosde par spectrophotom6trie h 260 nm. 
Pour prdparer le support biospdcifique, 7 g d'aminohexyl- 
sepharose 4 B (Pharmacia) sont d'abord bromoac6tyl6s 
suivant la technique de Cuatrecasas 16 par action de I'O- 
bromoacdtyl-N-hydroxysuccinimide obtenue par condensa- 
tion de l'acide bromoac6tique sur le N-hydroxysuccinimide 
en prdsence de dicyclohexylcarbodiimide. Le bromoacdty- 
laminohexylsepharose est alors vers6 dans 30 ml d'une 
solution de 6-mercaptopurine 9 D-riboside (500 laM) en 
tampon bicarbonate 0,1 M h pH 9,017. L'atome de brome 
du d6riv6 bromoac6tyl6 est 61imin6 avec l'hydrog6ne du 
groupement sulphydrile en 6 du nucl6oside. Apr6s 5 jours 
d'agitation h la tempdrature ambiante, le gel est trait6 2 h 
30~ par 700 ~tl de 2-mercaptodthanol dans le m~me 
tampon bicarbonate pour 61iminer les atomes de brome 
rdsiduel. Apr6s lavage (NaC1 0,2 M e t  eau distillde) le gel 
est conserv6 en suspension dans le tampon phosphate de 
potassium 0,1 M ~t pH 7,1 en pr6sence de mercapto6thanol 
(10-3M) et d'azide de sodium (0,02%). Dans ces conditions 
environ 8 ~tM du mercaptopurine riboside sont fix6s par g 
de gel humide. 
La premi6re 6tape de la purification de la SAH-hydrolase a 
6t6 r6alisde suivant la mdthode de la Haba et Cantoni 2. A 
4 ~ les foies de rat (50 g) sont homog6n6is6s au polytron 
dans 3 volumes d'acide acdtique 0,01 M. L'homog6nat est 
centrifug6 et le surnageant est prdcipit6 entre 40 et 50% de 
la saturation au sulfate d 'ammonium (pH 5,85). Toutes les 
centrifugations sont effectu6es 20 min h 20000x g ~t 2-4 ~ 
Le culot final est dissous dans 50 ml de tampon phosphate 
de sodium 0,05 M h pH 6,8. 5 ml de cette pr6paration 
enzymatique sont dialys6s une nuit h 4~ contre 1 1 de 
tampon phosphate de potassium 0,1 M h pH 7,1 contenant 

3 3 EDTA 10 M, 2-mercaptodthanol 10- M e t  azide de 
sodium 0,02% et le dialysat est ddpos6 ~ temp6rature 

ambiante sur une colonne d'adsorbant biosp6cifique 
(h = 4 cm; ~ = 1,5 cm). Apr6s lavage avec 130 ml de tampon 
de dialyse contenant en plus 0,25 M de NaC1, la SAH- 
hydrolase est 61u6e apr6s addition de SAH (5,5-10 -4 M). 
Les fractions contenant cette enzyme sont r6unies et son 
activit6 sp6cifique d6termin6e. Les prot6ines sont dos6es 
par la m6thode de Lowry. Apr6s concentration de la 
solution enzymatique jusqu'h 0,5 ml dans une cellule 
Amicon B 15, l'homog6n6it6 de l'enzyme est contr616e par 
61ectrophor6se en disques de polyacrylamide (7,5% d'acry- 
lamide) suivant la technique de Bloemenda118 et en 
pr6sence de dod6cylsulfate de sodium (SDS) suivant celle 
de Weber et Osborn 19. 
ROsultats et discussion. Notre m6thode permet de purifier 
en 2 6tapes la SAH-hydrolase du foie de rat environ 
240 fois (tableau). L'enzyme est apparemment homog6ne 
apr6s 61ectrophor6se en l'absence et en pr6sence de SDS. 
L'6tude de la r6partition de l'activit6 enzymatique sur le gel 
d'acrylamide apr6s 61ectrophor6se en l'absence de SDS 
n'indique qu'un seul pic d'activit6 correspondant h la bande 
r6v616e au bleu de Coomassie. La comparaison de la 
mobilit6 de la prot6ine correspondant h la bande r6v616e 
apr6s 61ectrophor6se en pr6sence de SDS h celle de sous- 
unit6s de prot6ines de poids mol6culaire connu 19 montre 
que la SAH-hydrolase doit 6tre form6e par l 'union de sous- 
unit6s identiques de poids mol6culaire 6gal h 48000 
(2 d6terminations); mais le poids mol6culaire de l'enzyme 
native n'est pas encore connu avec pr6cision. La simplicit6 
de cette m6thode de purification est vraisemblablement 
due h la haute sp6cificit6 du syst6me d'affinit6 employ& 
immobilisation de l 'un des substrats, l'ad6nosine, et 61ution 
par l'autre, la SAH. La m6thode employ6e ici permet de 
fixer l'ad6nosine sur un support insoluble sans modifier le 
ribose. La chromatographie d'affinit6 de la SAH-hydrolase 
sur l'6poxy-sepharose o~ l'ad6nosine a 6t6 fix6e par 
l'hydroxyle en position 2' du ribose, suivant la m6thode de 
Schraeder et al. 2~ retarde seulement l'enzyme: de plus, la 
prot6ine 61u6e n'est pas homog6ne 21. Le ribose a donc une 
tr6s grande importance dans la fixation de la SAH-hydro- 
lase sur ses substrats; ces r6sultats sont en accord avec ceux 
de Palmer et Abeles 22 qui ont montr6 par RMN le r61e de 
ce sucre dans la r6action enzymatique. 

1 Ce travail a b6n6fici6 de l'aide du CNRS (ERA 560) et de 
I'INSERM (FRA 5). 

2 G. de la Haba et G.L. Cantoni, J. biol. Chem. 234, 603 (1959). 
3 J.A. Duerre, Archs Biochem. Biophys. 124, 422 (1968). 
4 W.A. Dodd et E.A. Cossins, Archs Biochem. Biophys. 133, 

216 (1969). 
5 R.D. Walker et J.A. Duerre, Can. J. Biochem. 53, 312 (1975). 
6 R.C. Knudsen et I. Yall, J. Bact. 112, 569 (1972). 
7 J.E. Poulton et V.S. Butt, Archs Biochem. Biophys. 172, 135 

(1976). 



1016 Experientia 35 (1979), Birkh/iuser Verlag, Basel (Schweiz) 

8 J.D. Finkelstein et B. Harris, Archs Biochem. Biophys. 159, 
160 (1973). 

9 J.D. Finkelstein et B. Harris, Archs Biochem. Biophys. 171, 
282 (1975). 

10 R.A. Schatz, C.R. Vunnam et O.Z. Sellinger, Life Sci. 20, 375 
(1977). 

11 T. Deguchi et J. Barchas, J. biol. Chem. 246, 3175 (1971). 
12 P. Fonlupt, M. Roche, L. Cronenberger et H. Pacheco, Brevet 

fran~ais d6pos6 le 28 Avril 1978, n ~ 78-12711. 
13 J.L. Palmer et R.H. Abeles, communication personnelle. 
14 H.H. Richards, P.K. Chiang et G.L. Cantoni, J. biol. Chem. 

253, 4476 (1978). 

15 S.K. Shapiro et D.J. Ehninger, Analyt. Biochem. 15, 323 
(1966). 

16 P. Cuatrecasas, J. biol. Chem. 245, 3059 (1970). 
17 S. Barry et P. O'Carra, FEBS Lett. 37, 134 (1973). 
18 H. Bloemendal, dans: Electrophoresis, vol.2, p.379. Ed. 

M. Bier. Academic Press, New York 1967. 
19 K. Weber et M. Osborn, J. biol. Chem. 244, 4406 (1969). 
20 W.P. Schrader, A.R. Stacy et B. Pollara, J. biol. Chem. 251, 

4026 (1976). 
21 B. Chabannes et L. Cronenberger, travaux non publi6s. 
22 J.L. Palmer et R.H. Abeles, J. biol. Chem. 251, 5817 (1976). 

A spectrophotometric method for the determination of 5-phosphoribosyl-l-pyrophosphate 
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Summary. A new, sensitive, specific and simple spectrophotometric method for the determination of 5-phosphoribosyl- 1- 
pyrophosphate (PRPP) is presented. PRPP is reacted with excess hypoxanthine in the presence of hypoxanthine-guanine 
phosphoribosyltransferase. At the end of the reaction, PRPP concentration is measured from the extent of conversion of 
hypoxanthine to inositate. The concentration of the purine base is determined spectrophotometrically in the presence of 
xanthine oxidase. 

5-phosphoribosyl-l-pyrophosphate (PRPP) is an essential 
substrate for several different pathways involved in the 
synthesis of purine, pyridine, and pyrimidine ribonucleo- 
tides 1. 
Most of the currently used assays for PRPP are radiochemi- 
cal and utilize the reaction of this compound with a 
labelled purine base in the presence of the appropriate, 
purified phosphoribosyltransferase. The corresponding iso- 
topically labelled nucleotide (end product of the reaction) 

2 is separated by means of techniques such as paper or thin- 
3 4 layer chromatography or high-voltage electrophoresis. 

The reaction of PRPP and hypoxanthine in the presence 
of hypoxanthine-guanine phosphoribosyltransferase 
(HGPRT) can be followed spectrophotometrically at 245 
nm 5. However, a direct spectrophotometric assay of PRPP 
at this wavelength is hardly useful for measuring the 
intracellular concentration of this compound owing to the 
high absorption of biological samples at 245 nm. 
The assay described by Komberg et al. 6 based on the 
release of 14CO 2 from orotic acid in the presence of a 
mixture of orotate phosphoribosyltransferase (OPRT) and 
orotidine-5'-monophosphate decarboxylase (ODC) is also 
employed. The OPRT-ODC reaction has been used 6,7 to 
measure PRPP concentration with a spectrophotometric 
technique but this method has not found much application. 
One reason for this might be that some investigators 8 found 
a linear response only in the range from 0.01 to 0.1 txmoles 
of PRPP per ml of reaction mixture. In the present paper, a 
new, sensitive, specific and simple spectrophotometric 
assay for PRPP is described. 
Materials. HGPRT was purified from human erythrocytes 
to apparent electrophoretic homogeneity as previously de- 
scribed 5. PRPP, tetrasodium salt, was purchased from Sig- 
ma Inc. 1 mg of the commercial sample contained 1.7 
Ixmoles of PRPP as determined using the enzymatic assay 
of Kornberg et al. 6. Paper chromatography according to 
Wood 9 showed no significant impurity in the commercial 
sample of PRPP after staining with ammonium molyb- 
date r. Xanthine oxidase (XOD) and hypoxanthine were 
obtained from Boehringer AG. All other reagents were 
high purity commercial samples from Merck AG. 

Methods. PRPP was assayed by the following procedure. 
PRPP was reacted with excess hypoxanthine in the pres- 
ence of HGPRT to form the corresponding nucleotide. At 
the end of the reaction, PRPP concentration was measured 
from the extent of conversion of hypoxanthine to IMP. 
Hypoxanthine was determined by the enzymatic, spectro- 
photometric assay of Kalckar 10. 
Step 1: HGPRT catalyzed reaction. The reaction mixture, 
designed after published procedures 5, contained 0.1 M Tris- 
HC1, pH 7.4, 0.01 M MgC12, 8• 10 -5 M hypoxanthine, 0.05 
ml of a standard preparation of HGPRT 5, and PRPP 
ranging from 0 to 5.8• 10 -5 M in a final volume of 1 ml. 
PRPP was added last to initiate the reaction. All incuba- 
tions were conducted at 37 ~ The sample containing no 
PRPP was used as the blank. 
Under the experimental conditions employed the reaction 
went to completion after 15 min when followed as pre- 
viously described 5. At the end of the reaction, 0.2 ml of 
0.25 M ethylendiamine tetraacetate, sodium salt, pH 7.4, 
were added to the incubation mixture. This was necessary 
in order to prevent the HGPRT catalyzed IMP pyrophos- 
phorolysis during step 25. 
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Calibration curve for the PRPP assay. The experimental conditions 
are described in the text. 


