
Fayiochaniatry. 1966, Vol. 5, pp. 123 to 131. PaaamonPressLtd. RintedinEq#ancl 

EVIDENCE FOR TWO PHENOLIC GLUCOSIDES 

DERIVED FROM GTYROSINE IN SORGHUM SEEDLINGS* 

J. E. GANDER? 

Department of Agricultural Biochemistry, The Ohio State University, Columbus 10, Ohio 

(Received 28 May 1965) 

Ah&act-Evidence has been presented for the presence of a phenolic substance which has not been previously 
reported in sorghum seedlings. The substance is similar to phydroxymandelonitrile-rileS_glucose in that it is 
derived from n-glucose and r-tyrosine. However, ghrcose is not released when the material is treated with 
~glucosidase although hydrolysis with 1 N HrS04 for 15 min at 100°C releases ghrcose and an aromatic 
compound which reduces silver ions under alkaline conditions. The phenolic material is also different from 
phydroxymandelonitrile-gglucose in that it reacts with acidic 2,4-dinitrophenylhydraxine to form a 2,4- 
dinitrophenylhydrazone. The maximum absorption of the f4dinitrophenylhydraxone is at 370 rnp. When 
seedlings metabolized DL-tyrOSiKE-2-1% the hydrawne isolated contained 1%. Furthermore the relative 
specific activity of the 2,44nitrophenylhydraxone derived from this phenolic substance was approximately 
the same when the seedlings metabohred DL-tyrosine-2-i%, DrAyrosine-3-W, L-tyrosine-U-i4C or D- 
glucose-U-W. It is suggested the substance may be a precursor of phydroxymandelonitrile-&glucose. 

INTRODUCTION 

PREVIOUS investigations from this laboratory 1 s 2 and in Corm’s laboratory 3s 4 have shown that 
L-tyrosine is an excellent precursor of the cyanogenic glucoside p-hydroxymandelonitrile-/3- 
glucose (dhurrin) found in Sorghum vulgure. These investigations 2 have demonstrated that 
the cl-carbon of tyrosine appeared as the nitrile carbon of the glucoside, and that no I‘% from 
carboxyl labelled DrAyrosine was incorporated into the glucoside. Koukol et aZ.4 presented 
evidence showing that the bond between carbon 2 and carbon 3 of tyrosine remained intact 
during the biogenesis of the cyanogenic glucoside. 

This paper reports evidence for anew phenolic glucoside derived from tyrosine and glucose, 
and it is proposed that it may be a precursor ofp-hydroxymandelonitrile-j?-glucose. 

RESULTS 

Figure 1 is a line drawing showing the distribution of radioactivity on chromatograms of 
alcoholic extracts of sorghum seedlings which had metabolized either DL-tyrosine-2-14C or 
D-glucose-i% for two days. previously it has been reported2 that p-hydroxymandelonitrile- 
/3-glucose migrates in the R/O-8 region of the chromatogram. The presence of a double peak 
in this region of the chromatogram may be due to the presence of two closely related sub- 
stances, both derived from Gtyrosine and D-glucose, which migrate in this solvent at a similar 
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rate, or alternatively, they may represent tautomeric forms of the glucoside. The compounds 

from the glucoside area \feere found to react with 2,4-dinitrophenylhydrarine in 2 N HCI. 
Accordingly they were eluted from the paper with 80 0; ethanol, and after concentrating were 

treated with the acidic reagent either before (A) or after (B) a preliminary hydrolysis with 
&glucosidase (see Methods). 

Table 1 shows the specific activity of HCN and the 3,4-dinitrophenylhydrazone isolated 
by procedure B in the course of an experiment in which sorghum seedlings metabolized either 
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FIG. 1. The roots of the ten 3-day-old sorghum seedhngs were placed m 15 ml of a solution contam- 
ing 10 /“moles of L-tyrosine and either(a) 5 PC of DL-tyrosine-PJC or (h) 10 1~ of ~-&~cose-~J C. The 
solution was aerated m the l&t for 40 h. The shoots were macerated in boiling SO!!; ethanol, the 
extract was evaporated to dryness and the residue taken up in a small volume of H20. depouted m 
strips upon Whatman 3 MM paperandchromatographed m butanol:pyridinc:HLO (6:4:3). After 
chromatography the chromatogram was dried and radloactivity estimated contmuously with a 4~ 

chromatognm scanner with a 0 15 cm N mdon. 

DL-tyrosine-2-14C. DL-tyrosine-3- 14C or a 1: 1 mixture of both. This table sho\vs first that a 
2,4-dinitrophenylhydrazone containing radioactivity can be isolated when the seedlings 
metabolize DL-tyrosine-2-14C. and secondly that the specific activity of the 2.4-dinitro- 
phenylhydrazone isolated from seedlings metabolizing DL-tyrosine-3-14C was greater than 
the specific activity of the nitrile carbon when the seedlings metabolized DL-tyrosine-2-“C. 
However, it must bc assumed that the extinction coefficients for the tMo compounds are the 
same. These results arc mcompntible with the assumption that all the radioactive material 
eluted from the glucoside area of the chromatogram was derived only from p-hydroxl man- 
delonitrile-/3-glucose. 
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TWLB 1. INC~RP~RAD~N OF 1% FROM DL-T~ROSIN~-~-*~C AND ~~-rvaosr~a-3-~4C! D~LD 
HCN AND ALSO INTO A 2,4 RAZONx DOLArxD PROM THE PLWNOLIC GLUCOSIDE 

Specilic activity 

Labelled compound 
metabolkd 

Initial specilic 2,4dinitrophenyl- 
activity hydrazone HCN 

(counts/min per pmole) (counts/min per pmole) (counts/mm per qole) 

~~-Tyro~ine.-2-~% 65,000 690 3520 

~~-Tyrosine-3-‘~ 76,000 8940 <I60 

~L-Tyrosine2-'~ 

70,ooo 5940 192O 
DL-Tyrosine-3-‘4C 

The seedlings were treated as described in Fig 1. In the experiment containing both DL-tyrosine-2-W and 
Dbtyrosine3-W, 2.5 p of each of the labelled compounds were used. In all other experiments 5 crc of 
labelled material were used. The glycoside portion of the chromatogram was eluted with 80% ethanol at 30”, 
the solvent removed by flash evaporation and the residue dissolved in 2 ml of HrO. Two mg of /I-glucosidase 
were added to the sample and the speci6c activity of HCN was measured as previously described.* The specific 
activity of the 2,4dinitrophenylhydmxones dissolved in absolute ethanol was measured after the addition of 
an equal volume of 2 N HCl saturated with 2,4dinitrophenylhydraxine to the solution containing the gluco- 
side(s), followed by precipitation and washing of the hydraxone in HzO. An extinction coefkknt for the 2,4- 
dinitrophenylhydraxone of p-hydroxybenxaldehyde of 3.8 x 10’ was used. 

Table 2 shows the results of an experiment in which the glucoside isolated from seedlings 
allowed to metabolize either DL-t~OSiIX-2-‘4c, DL-tyrosine-3-l% or L-tyrosine-U-l% was 
treated with 2,44nitrophenylhydrazine either without prior treatment with /I-glucosidase 
(procedure A) or after treatment with /3-glucosidase (procedure B). A radioactive 2&dinit- 
rophenylhydrazone was isolated by either treatment, but the spe&c activity of the 2,4-dinit- 
rophenylhydrazone isolated from the glucoside obtained when the seedlings metabolized 

TABLE 2. l[NCOP.PoRA-fION OF ‘c PROM TYRoslNa 1% INlo THE 2&DLNrrROPHaNWWDRAZoNx(S) 
IsoLATFD PaoM PIixNoLLc GLucoDDx(s) 

Labelled compound 

specific activity 
of hydraxone(s) Dilution of 

Experiment j?-gl~osidase Total wales (counts/min specitlc activity 
no. treatment of hydraxone per @Ole) (-I+) 

DL-Tyrosine-2-t% 

~~-Tyrosinc-3-'% 

L-TyrosineU-14c 

1 0.571 1890 5.7 
+ 5.49 

2 - o-331 4z 
+ 7.21 358 11.9 

1 - 0.193 5795 
+ 6.23 3360 1.7 

2 - 0.432 3270 
+ 6.25 1550 2.1 

3 0.41 8100 
+ 5.8 4360 1.9 

The specific activity of the 2,4-dinitrophenylhydraxones was obtained by procedures A and B as described 
in Methods. 

Dihttion of specitic activity (last column) refers to the ratio of relative specific activities obtained for 
hydraxones isolated prior to jl-glucosidase treatment divided by that obtained after jghtcosidase treatment. 
The extinction coefficient for the 2,4-dinitrophenylhydraxone of p-hydroxybenxaldehyde was used in both 
inStances. 
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DL-tyrosine-2- lsC was approximately 5-IO-fold higher than that found after treatment with 
/I-glucosidnse. Similar experiments with DL-tyrosinc-3- ‘JC or L-tyrosinc-U-lJC showed only 

a two-fold difference in specific activity. The smaller total number of counts in the hydrarone 
isolated from the glucoside derived from uL-tyrosine-_- 3 lJC that had not been treated uith 

P-glucosidase probably reflects a larger proportional loss of hydrazone during precipitation 
and washing the approximately 04 pmoles of hydrazone as compared to a similar dashing 
procedure on IO-fold that quantity ofhydrazone obtained when the glucoside was tirst treated 
with ,&glucosidase. The increase in 2.4dinitrophenylhydrazone resulted from the release of 

p-hydroxybenzaldehyde during treatment of the glucoside with ,/3-gluco4dase. Thi\ \\ould 
account for the difference in total counts isolated and \+ould suggest that the ratio of the quan- 
tity of two hydrazones was approximately equivalent to the dilution factor. This would be 
strictly true only if no lJC from or-tyrosine-2-l% became incorporated into the aldchydic 
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FIG. 2. The 2,4_dmltrophenqlhydrazones were prepared from materldl cluted from the RfO 72-O 90 
portion of the chromatogram by addition of an equal volume of a saturated solution of 2.4-dmmu- 
phenylhydrazine in 2 N HCI to the cluate either prior to Irr) or after(h) treatment with ,d-glucosidase 

carbon ofp-hydroxybenzaldehyde and ifthe extinction coefficient of the t\\o hydrazones was 

identical. 
The data from the DL-tyrosine-3-14C and r.-tyrosine-U-‘4C experiment are compatible with 

this explanation since, after a correction for loss of sample in the uashing procedure is taken 
into account, there appears to be approximately IO-fold more total radioactivity in the hydra- 
zones isolated after /I-glucosidase treatment than was obtained prior to treatment. In these 
experiments both hydrazones would bc expected to contain ‘%I’ 11 hile in the experiments \\ ith 
uL-tyrosine-2-14C no lJC should be incorporated into the p-hydro~pbenzaldehvde moiety 
derived from the cyanogenic glucoside. The table also shows that the specific actkit) of the 
hydrazones isolated by the t\\o procedures showed 3 dilution factor ofapproximatcl> 2 w hen 
the hydrazones were prepared from experiments in uhich the plants metabohred either 
DL-tyrosine-3-L4C or r-tyrosine-u- 14C. Furthermore, the hydrazone isolated from the gluco- 
side containing 14C from either Dr-tyrosine-7-‘4C. DL-tyrosine-3-“C’ or I -tyro6ie-U-‘% 
without prior treatment with j?-glucosidase each contained. with the eweprmn of experiment 
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1 with DL-tyrosine-2-1‘C, approximately the same specific activity. This observation suggests 
that the hydrazone isolated was derived from a compound which contains 8 of the carbon 
atoms of tyrosine. 

Information relative to the structure of the hydrazone may be obtained from spectral 
data (See Discussion). Figure 2 shows a comparison of the spectra of the 2,4dinitrophenyl- 
hydrazone of p-hydroxybenzaldehyde to the hydrazone isolated by treatment of the gluco- 
sides with acidic 2J-dinitrophenylhydrazine. This figure shows that the spectra are different 
with a 20 my. shift in maximum for the intermediate hydrazone. 

Similar experiments were carried out with D-glucose-U-W as the source of i4C and 
L-tyrosine was added to the medium in order to keep to a minimumthe “% incorporated from 
n-glucose into the aglycone moiety. Table 3 shows the results of such an experiment in which 
the seedlings were allowed to metabolize either D-gluco~e-U-~~C or Dctyrosine-2J4C. The 
data show that similar dilutions were obtained for the hydrazones when the seedlings meta- 
bolized either rz-tyrosine-2J4C or D-gl~cose-‘U-~~C. Furthermore, the total radioactivity 
in the hydrazones derived from the glucoside containing radioactivity from D-glucose-UJ4C 

Labelled 
compound 

~~-Tyrosine-~-'~ 

~-Glucose-W 

Specitic activity 
of hydrazone 

lWucosid= /Lmoles of counts/min DilUtiOn 
treatment hydrazone per CLmole) (-I+) 

+ 7.21 358 12.0 
- 0.33 4300 
+ 6.00 357 12.7 

0.24 4550 

The sorghum seedlings were treated as described in Fig. 1, and the specik activity of 
the 2,4-dinitrophenylhydmzones was estimated as described in Table 2. 

was approximately the same, again taking into account a greater per cent loss during washing 
the smaller quantity of hydrazone. 

These results suggest that the substance which reacts with acidic 2,4dinitrophenyl- 
hydrazine contains carbon atoms derived from D-glucose as well as 8 carbons from tyrosine. 
Thus it appears that /3-glucosidase does not remove the 14C derived from glucose in this 
substance. 

An experiment was conducted to determine if glucose would be released by acid hydrolysis 
from material obtained from the glucoside area of the chromatogram after treatment of the 
glucoside with fl-glucosidase. 

The glucoside from 1 gm of seedlings was isolated in the usual manner and treated with 
10 mg of fi-glucosidase for 60 min at 35”. The reaction was stopped by heating at 100” for 
10 min. The protein was removed by centrifugation and the supernatant solution chromato- 
graphed in butanol : pyridine: Hz0 (6: 4: 3). Large quantities of glucose and p-hydroxy- 
benzaldehyde were detected upon the chromatogram. In addition there appeared to be a small 
quantity of material migrating at Rf O-8, which reacted with diazotized sulfanilic acid but not 
readily with 2,4dinitrophenylhydrazine. This material was eluted with 80% ethanol, the 
solvent removed, and the material subjected to hydrolysis in 1 N H2S04 at 100” for 15 min. 

9 
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The acidic solution was neutralized with BaC03. the BaSOS removed and the supernatant 
solution subjected to chromatography. The chromatogram was treated with AgN03 in 
acetone followed by development with alcoholic NaOH and Na2S1035. Two spots mere 
obtained. one corresponding to glucose and the other migrating at R, 0.8. Another portion of 
the unhydrolyzed sample was further treated with /3-glucosidase and assayed for HCX, 0111) 
a trace could be detected. These results suggest that sorghum seedlings contain a glucosidr 
which is resistant to fl-glucosidase treatment. 

DISCUSSION 

These experiments suggest sorghum seedlings contain tno glucosides whose aglycon 
moieties are derived from r_-tyrosine. The nea glucoside appears to be different from p-hyd- 
roxymandelonitrile-/3-glucose in that it reacts with acidic 2.4-dinitrophenylhydrazine before 
treatment of the glucosides with/3-glucosidase. After treatment of the glucosides \\ ith &gluco- 
sidase the new glucoside retains both the glucosyl moiety and the y-hydroxyphenyleth! 1 
carbonskeletonoftyrosine. It haspreviouslybeenshown ‘that no’~CfromuL-tyrosinc-l-‘~C 
is incorporated into the glucoside region of the chromatogram when extracts of sorghum 
seedlings that had metabolized DL-tyrosine-l-‘JC were chromatographed. 

Jones et 01.~ have shown that the greater the extent of conjugation the longer the ua\c 
length of the maximum absorption of the 2.4-dinitrophenylhydrazone. The spectrum of the 
new 2,4-dinitrophenylhydrazone shows an absorption maximum at 370 rnp which is 20 m/c 
shorter than the hydrazone of p-hydroxybenzaldehyde. 4 These data suggest that the lie\\ 
hydrazone probably contains fewer then four conjugated double bonds derived from p-hyd- 
roxyphenylethyl portion of the 2,4-dinitrophenylhydrazone. These data do not allo\! assign- 
ment of structure of the new phenolic glucoside. 

Preliminary investigations have shown that incubation of a mixture of the two phenolic 
glucosides (2120 countsjmin/reaction mixture) derived from Dr_-tyrosine-2-14C H ith a par- 
ticulate preparation from etiolated sorghum seedlings and reduced nicotinamide adeninc 
dinucleotide phosphate. glucosed-phosphate. glucose-6-phosphate dehydrogenase and ATP 
results in the isolation of approximately one-fourth of the 14C as 14C-2,4-dinitrophenqlhydra- 
zone. This represented an increase of more than 200 counts/min/reacGon mixture when com- 
pared to the zero time control or controls in which ATP or reduced nicotinamide ndenine 
phosphate had been omitted. No increase in precipitable 1%-2.4-dinitrophenylhydrazone 
when compared to zero time controls, was observed if the phenolic glucosides were preincub- 
ated with the enzyme preparation prior to addition of the other components of the reaction 
mixture. 

This evidence is compatible with in viro data suggesting that the two phenolic gluco\ides 
may be metabolically related. 

METHODS 

Sorghum seedlings were germinated and grown, and the glucoside isolated as previousI> 
described.” In preliminary experiments 2,4-dinitrophenylhydrazine was shown to react with 
material eluted from the glucoside area of the chromatogram .2, 4-Dinitrophenylhydrazones 
were prepared by either of two procedures. In both procedures the paper cut from the gluco- 
side area of the chromatogram was shaken with 80 PJ ethanol. the ethanolic extract was filtered 

5 W. E. TREVELYAN, D. P. PROCTER and J. S. HARRISON, Nature. 166,444 (1950). 
6 L. A. JONES. J. C. HOLMES and R. B. WFLIGMAN, .4nal. Chem. 28, 191 (1956). 
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and the solvent was removed on a flash evaporator at 30” C. The glucosides were redissolved 
in a minimum of water and the sample was divided into two equal parts. In procedure A, an 
equal volume of a 2 N HCl solution saturated with 2,4dinitrophenylhydraxine was added to 
one-half’of the aqueous glucoside solution and the solution left overnight at O-3”. In prodecure 
B, the other half of the glucoside solution was gist incubated for 50 min with 2 mg per ml of 
p-glucosidase, and then the reaction mixture heated for 3 min at 100”. The protein was re- 
moved by centrifugation, and an equal volume of acidic 2,4-dinitrophenylhydraxine solution 
was added to the supernatant solution which was again held at O-3” overnight. The 2,4- 
dinitrophenylhydraxones were centrifuged and were twice suspended in water and sedi- 
mented by centrifugation. They were then dissolved in absolute ethanol and their spectra 
obtained on a Beckman DB spectrophotometer. The absorption at 390 w was estimated. 
It was found that the 24dinitrophenylhydraxone of p-hydroxybenxaldehyde has an extinc- 
tion coefficient of 3.8 x 10”. The radioactivity in the 2,4dinitrophenylhydraxones was esti- 
mated on infinitely thin samples in a Nuclear Chicago Model 18 1A gas flow counter. 

The HCN was estimated in O-1 M NaOH by the procedure of Aldridge,7 and the radio- 
activity was measured in a Tri-Carb scintillation counter with toluene and ethanol (60: 40) as 
the solvent and 2,5diphenyloxaxole and 1,4-his-2(5-phenyloxazolyl)benzene as the scintil- 
lators. The procedure gave 42 per cent counting efficiency with this instrument. 

The chromatograms were scanned with an Atomic Associates Scanogram II 41T scanner 
attached to a Texas Instruments Company recorder, and an Atomic Associates Model 423A 
rate-meter. 

r_-Tyrosine-UJ4C, Dr,-tyrosine-3-W, DL-tyrosine-2-l% and ~-glucose-U-~% were 
pm&a-&d from Nuclear Chicago and New England Nuclear Corporation. BGlucosidase 
prepared from almonds was obtained from Sigma Chemical Company. All other chemicals 
used were reagent grade. 

Acknm&&emenf-The excellent technical assistance of Miss Margie Rausch is gratefully acknowledged. 

7 W. N. ALDRIDGE, Analyst, 69,262 (1%). 


