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Abstract-Leaf disks of Coffeu arabica were infiltrated simultaneously with L-methionine-(methyl-t4C) and with 
various possible precursors of caffeine biosynthesis. The results permit the iirentification of theabromine, ?-mekh- 
yiKanthine and 7-methylxanthosine as precursors of caffeine. 7-merhylguanosine seems not to he an intermediate 
in caffeine formation. 

INTRODUCTION 

PURINE ring biosynthesis of caffeine (1,3,7_trimethyIxanthine) has been investigated by 
Anderson and Gibbs’ in coffee leaves and by Preusser and Serenkov2 in tea leaves. These 
were incorporation studies using labelled precursors and indicated that ring formation of 
caffeine follows the classical scheme of purine nucleotide biosynthesis3 However, the ques- 
tion whether caffeine is formed directly from the purine pool or as a degradation product 
of nucleic acids-in the first place RNA-was not touched upon in these experiments. In 
1970 Ogutuga and Northcote4 proposed two biosynthetic pathways for caffeine: “Pathway 
I” from the purine pool via xanthine, 3-methylxanthine and 1,3_dimethylxanthine to caf- 
feine, and “Pathway II” from the purine pool via nucleic acids (methylation of the guanine 
residue at N7), 7-methylguanylic acid, 7-methylguanosine, 7_methylxanthosine, 7-methyl- 
xanthine and 3,7_dimethylxanthine (theobromine) to caffeine. Based upon isotope incor- 
poration kinetics after continuous and pulse feeding of tea callus tissue with i4C02 and 
L-methionine-(methyl-14C), the authors consider “Pathway II” the more likely. Even 
though caffeine can be metabolized by the coffee plant, 5,6 this purine alkaloid may still 
be regarded-at least in short term experiments-as the end product of a long biosynthetic 
pathway. In the present work we have assumed that, by addition of a compound which 
can be utilized by the tissue for caffeine biosynthesis, the direction of the reactions would 
be shifted in favour of the end product. To monitor caffeine synthesis we have chosen 
methylation with radioactive methyl groups. For this purpose leaf disks were infiltrated 
with presumed precursors and simultaneously with L-methionine-(methyl-14C). In this 
manner we were able to determine the individual intermediates of a likely pathway of caf- 
feine synthesis as far back as the nucleoside 7-methylxanthosine. 

1 ANDERSON, L. and GIBBS, M. (1962) J. Biol. Cltem. 237, 1941. 
* PREUSSER, E. and SERENKOV, G. P. (1963) Biokhimiya 28, 857. 
3 BUCHANAN, J. M. and HARTMAN, S. C. (1959) Adc. Enzymol. 21, 199. 
4 OGUTICA. D. B. A. and NORTH~OTE. D. H. (1970) Biochern. J. 117, 715. 
’ KALRER~R. P. (1965) Nature 205, 597. 
” BAUMANN. T. W. and WAUN~R. H. (1972) Plur~r~ 108, Il. 
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RESULTS AND DISC‘L’SSIO”\I 

The experiments were carried out during a 2-yr period. The varying caffeine contents 

from one experiment to the other are due to seasonal variations, with especially low values 

being encountered in the winter. largely caused by temperature fluctuations in the green- 
house.7 In our case the temperature extremes were I8 and 30 

Leaf disks were fed with 20 &i/ml L-methionine-(methyl-‘“C). The average uptake by 
each group of six disks was X9 x 10” dpm. The ‘“C-incorporation into caffeine increases 

almost linearly with time and reaches about 1:‘: of the uptake after 32 hr (Fig. 1). It has 
been repeatedly shown that r_-methionine can act as a methyl group donator in caffeine 
biosynthesis.‘,4x8 We were unable to detect methionine bv the ninhydrin reaction in leaf 
disk extracts after paper chromatography. The adminisicrcd radioactive methionine is 
already metabolized within two hours after infiltration. However. an unknown compound 
appears (R, 028; n-BuOH~~HOAc-H?O. 4: I : 1) in which a high percentage of the 14C- 
activity taken up is found during the entire experiment. A similar observation in the tea 
plant was described rcccntly.” 

Time ofter infiltration, hr 

FIG. 1. I~~~~KP~IIA~~I~v ot “c’, ROM I.-MPTHIONIW-(MI IH\L-I’(‘) IUTO (‘AtI- IUt 

Euperinwnts with potrntioi prcwusors 

The leaf disks were analyzed after illumination for 12 hr. The two dimethylxanthines 
theophylline (1,3-substituted) and theobromine (3,7-substituted) are generally considered 
to be direct precursors of caffeine. They cannot be found in the leaves by routine examina- 
tion. although their existence in this genus in extremely small quantities has been proved 
by analysis of large amounts of crude coffee beans.“’ The leaf disks \c’cre infiltrated with 

Ptu LSSI:K. E. ( 1967) Biol. Zc,lrrtr//J/cirt 86, 385. 
’ 1%01if. T. and AllACHl. F. ( I’)h?) Chum P/u~rm. hi/. IO. I21 2. 
’ SL ZLKI, T‘. (1973) Bioc/ft,,lt. J. 132, 753. 

“I FKAY/KL. ‘?.. GKI:NFR t-3 s.. ~~lt.lX.tlK4NI~l~. I’. ttfld ‘&if Ht.. f-r. (1967) I-~o/‘/‘c-S[,r/r~‘s %. f/lw~i. C’iwirl. 348, 
1735. 
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2.8 mM solutions of these two compounds containing 7 @i/ml L-methionine-(methyl- 
14C). Water with the tracer alone served as control. Compared with the control, the addi- 
tion of theobromine enhances the “C-incorporation into caffeine about 20-fold (Table 1, 
Series I). Theophylline has no effect. From our analysis (unpublished) of wild coffee species 
we know that caffeine is replaced by theobromine in the leaves of C. lanc~$ofolia subsp. auri- 

data Chevalier. Obviously this species is not able to perform the last methylation step 
leading to caffeine. That theobromine is the direct precursor of caffeine. is also supported 
by the recent work of Suzuki.’ 

TABLE 1. TESTINC~OF POSSIBLY PRECURSORS 

Substance tested 

“C-Methionine 
uptake 

(dpm x IO-“) 

Caffeine 
isolated 

(Peg) 

Total activity 
in caffeine 

(dpm) 

Sp. act. of 
caffeine 

(dpm/pg) 

Control (H,O) 3.10 
Theophylline 2.1 s 
Theobromine 3.75 

Control (HzO) 245 
Theobromine 2.60 
Xanthine 3.05 
I-Methylxanthine 2.10 
7-Methylxanthine 2.40 
Xanthosine 3.00 
7-Methylxanthosine 2.90 
Guanosine 2.55 

Control (H,O) 4.55 
7-Methylxanthosine 4.50 
7-Methylguanosine 4.10 
7-Methylinosine 4.20 

Series I 
570 
760 
670 

Series 2 
1020 
810 
960 
890 

1040 
830 

1110 
960 

Series 3 
210 
240 
240 
I80 

32000 56 
30000 40 

680000 1015 

32000 31 
254000 314 

26000 27 
29 000 33 

176000 169 
36000 43 

124000 112 
37000 39 

21600 103 
554000 2308 

26000 108 
12100 67 

In the next experiment (Table 1, Series 2) we tested a larger number of compounds. As 
a consequence of the low water solubility of xanthine we were forced to use 0.5 mM solu- 
tions. Tracer supply was the same as above. Although 3-methylxanthine was not available 
for testing, existing results make it certain that the methyl group in position 7 is first intro- 
duced, as already postulated by Anderson and Gibbs.’ This assumption is supported by 
the observation that 7-methylxanthine as well as theobromine accumulate in the culture 
medium of growing tea callus tissue.4 Thus the synthesis of radioactive caffeine is increas- 
ingly stimulated by the compounds 7_methylxanthosine, 7-methylxanthine and 3,7- 
dimethylxanthine, in this order. These findings support “Pathway II” of caffeine biosyn- 
thesis proposed by Ogutuga and Northcote, 4 in which methylation should occur at N7 
of guanine in a polynucleotide, and in which subsequently 7-methylguanylic acid is trans- 
formed via 7-methylguanosine to 7-methylxanthosine. It was therefore necessary to test 
7-methylguanosine in our system. Table 1, Series 3 shows the result of this experiment, 
in which methylated nucleosides were given as 13.5 mM solutions. The 14C-methionine 
activity was 10 $X/ml. 7-methylguanosine as well as 7-methylinosine have no stimulatory 
effect. We should also mention that feeding of 7-methylxanthine and 7-methylxanthosine 
leads, as expected, to formation of highly radioactive theobromine, 20’200 dpm being 
found in the last experiment after 7-methylxanthosine feeding. 



2518 F. Loose R. T. W. BAI.MANN and H. WAS\‘NI.R 

On the basis of these results, we are convinced that 7-methylguanosine is not an interme- 
diate in caffeine biosynthesis. However this in no way disproves the above mentioned 
hypothesis postulating nucleic acids as precursors. It is possible that the phosphate group 
is cleaved from the nucleotide only after conversion of 7-methylguanylic acid to Il-methyl- 
xanthylic acid. As an alternative we consider methylation of IMP (from the purine nucleo- 
tide biosynthesis) or of its derivatives XMP and GMP. Studies with nucleotides may solve 
this problem. 

EXPERIMENTAL 

Pwcursor fhdw~. Disks. 1.8 cm dia. were cut out from full4 developed leaves of 2- and j-jr-old plants. thor- 
oughlv mixed. and vacuum infiltrated with the test soln. Together uith r-mctl~ionine-(methyl-l’C). each of the 
following substances was administered: guanmc. 7-methylyuaninc. xanthinc. 3.7-dimethylxanthine. 7-methvl- 
guano&e, 7-methvlxanthosine, I-methyl~anthine. xanthosinc. I..~-dimcthyl?ianthine. guanosine. 7-methylxan- 
thine. 7-methvlinosinc. When infiltration was complete (2 min). the Icaf disks were blotted with filter paper. To 
estimate isotdpe uptake. the radioactivity of filter paper and of r&dual solution was sublractcd from ;hi initial 
supply. After evaporation of intercellular water (30 min) the leaf disks were transferred. upside down. into a Petri 
dish with the lid lined with wet filter papc‘r. and illuminated from hclow aith a 40 W fluoreccent lamp at a dis- 
tance of 30 cm 

E\-rwc~!ion pwc~~du~~c~~. Calli-me. and in some casts also amino ,icids. ~8s isolated h! the following procedure. 
Leafdisks were fi-ozen in liquid N,. ground in a mortar. ehlractcd for 1 hr with 5 ml 70”,, EtOH at 4 and rinsed 
ivith S ml 70’:,, EtOH. The EtOH extracts were combined and extracted with CHC13( x 3). The CHCI, phases 
were combined and extracted with IS ml HZO. The aqueous phase was recombined with the alcoholic phase 
and the amino acids isolated according to Virtancn.’ ’ The CHCI, phase was evaporated and caffeine was isolated 
(after Kogan (it pi..” slightly modified) from the residue. which nas boded 20 min airh 12.5 ml 001 N HLSOs, 
mixed with I,3 g MgO, cooled and filtered through glass filter G4. Caffeine wab rcmo\cd by shaking the filtrate 
3 x bvith I ,2 vol. of CHCI,. 

~lr~o1lzcltoyr.~11,/I)’ ud r~~,t~~~,rliilcltiorl of’uudioclc,ri~it~,. Followmg evapora tmn of CHCI,, the residue was dissolved 
m HZ0 and an aiiquot chromatographed for 2 hr on F 254 silica gel TLC plates \vilh CHCI,~EtOH (9: I) as 
solvent. The caficine spot. localized under UV light, was cut out and the amount of careine eluted (with Hz(j) 
*as determined spcctrophotometrically at 271 nm. Radioactivity was measured by liquid scinlillation counting 
using Whatman GF;C glass fibrc filters in a 10 ml mixture of dimethyl-POPOP. PPO and toluene. Dpm values 
were calculated by the channel ratio. Distribution of radioactivit? on TLC plates wab initially monitored with 
a radiochromatogram scanner. 
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