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Abstract 

The variation of dhurrin in various parts of sorghum seedlings was monitored 
over a period of 28 days. The results showed that a peak of 2.8 urn01 was reached 
in the shoot on the 8th day while in the root, it was only 0.24 umol on the 7th 
day. Dhurrin concentration reduced with age and size o f  seedlings. 

Labelling studies with 14C-shikimic acid showed that all the tissues synthesized 
and stored dhurrin;above 90% of  the radioactivity was found in the dhurrin of  the 
root. Different parts of  sorghum seedlings showed ability to synthesize dhurrin 
from '"Ctvrosine. In vitro synthesis of dhurrin by microsomal fractions of the 
different parts also confirmed this. 

Analysis o f  the dhurrin content of the f i r~t~second and third leaves showed a 
fair distribution in  the first leaf, The second and third leaves however showed a 
gradient from the apex to the stalk. 

The results are discussed on the basis o f  dhurrin distribution, biosynthetic 
capability of the parts and function. 

Sor3hu:n seedlings were first knoxvn to be cyanogrr. ;~ .. - .  . iq t'le !9t5 
century when the transport ~ + . ~ n l s  of Gcncral >Litr.xc.ncr r7assv-8 
through the Satlnr? ~ o t  poisonrcl after eatin? fre5i.J.y spyoil ti-: sck?'in?s .-, 

!ator s'!lo\i.n to be Y?cc:aq $ass'' c~lltivar o!' So~g;!f,tn .ct>l?.  Sincc ".?t 
period. int~nsive rcseaxch has been czrricd out on differcri ;:.s;,oets of 
cyanogenesis in so r~hum and other pla..nts. 

The precursor product relationship of dhurrin in sorphum has beca 
worked out by Conn (1980). The in vitro biosynthsis was demons%=- 
ted by AZcFarlane et al (1975) while the ce!lular and subcellular locdi- 
zations and the metabolic enzymes involved in the synthesis, were 
shown by Kojima et a1 (1979), Thayer and Conn (1981) and Wurtele 
et a1 (1982). Agronomists have investigated the cyanide potential and 
the influence of environmental factors on i t ,  in many cultivars of 
sorghum. Geneticists have also studied the genetic basis for the pro- 
duction of dhumn (Loyd and Gray, 1370; Harms and Tucker, 1972; 
Conn, 1980). 
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Despite thesc intensive research activities, some quc-stions still remain 
unanswered. For instance, is the biosynthesis of dhurrin centralised 
and the product distributed to other parts for storage as in Alnnihot 
esculentus Crantz? What is the synthetic capability of the different 
parts of the sorghum seedling, and finally what is the role of dht~rrin in 
the seedlings? This investigation attempts to answer some of thesc 
questions. 

Materials and Methods 

Plant culture 

Two varieties of sorghum (Sorghum bicolor (Linn) Alocnch) were 
used. Seeds of some were obtained from Northrup King a id  Co, Lub- 
bock, Texas U.S.A. and the other from the local market at Ilc-Ife, 
~ i ~ e r i a . T h e  seeds of the Texas variety were soaked in aerated water for 
24 hours before being planted in vermiculite. They were then transferred 
into a growth chamber and left to grow at 26 : 22' C(Day/Night tem- 
perature) and 16:8 hr (light: dark) photoperiod. The local cultivar was 
planted on a wire mesh covered with a cotton gauze, kept in a tray of 
water, and allowed to germinate in the green house. - - 

Various parts of sorghum seelings were analysed for dhurrin content. 
The various leaves were cut into approximately equal sections, weighed 
and analysed for dhurrin content. Dhurrin was estimated by the 
method of Golz et a1 (1977). 

Administration of radioactive compounds. 

'4C-~hikimic acid (specific activity 84 mCi) was obtained from 
Radiochemical Centre, Amersham while L-(U-' 4C)- tyrosine (specific 
activity 410 mCi) was from ICN pharmaceuticals. 

(i) 2 uCi ' C-shikirnic acid in 5 ml 400 d,l cold shikimic acid was fed 
to 25 &day old sorghum seedlings through the root for 48 hours. 
Thereafter, the roots were washed thoroughly and the radioactivity in 
the solution was counted by liquid scintillation. 'The different parts 
of the seedling were analysed for radioactive dhurrin. 
(ii) 2 uCi ' 4C-tyrosine in 5 ml 0.1- cold tyrosine was fed to  25 
4day old sorghum seedlings through the root for 48 hr. Both shoot and 
rot were analysed for radioactive dhurrin. In another experiement, 
25 4day old sorghum seedlings were derooted under water and fed 
with 1 mCi14C-tyrosine for 48 hours after which the seedlings were 
analysed for radioactive dhumn. 



(iii) Different parts of 4-day old sorghum seedlings were excised under 
water and incubated with 0.2 uCi ' C-tyrosine for 6 hours. These were 
washed thoroughly in water ant1 analysed for radioactive d h u ~ i n .  

(iv) Microsomal Fractions of different parts of 4-day old seedlings 
were prepared by the method of McFarlane c l  a1 (1975) and incubated 
with 0.20 uCi l4 C-tyrosine for 1 hr. Lat>elled dhurrin, its intermediate 
metabolites: p-hydroxyphenylacetaldoxime and p-hydroxyphenylace- 
tonitrile, and products: p-hydroxybenzaldehyde and p-hydroxybenzoic 
acid, were detcnnined. 

Dhurrin in sorghum seedlings and parts was heat+hydrolysed by the 
method of Gorz et a1 (1977). The solution was concentrated in a 
rotary evaporator and extracted 3 times with 2 ml diethyl ether (1 
ml in the case of the microsomal fractions). The extract was reduced in 
volume and spotted on Bakerflex Silica gel 1B and chromatographed in 
5 : l  benzene: ethyl acetate solution for 3-4 hours. The TLC plates 
were airdried, sprayed with 0.2% solution of 2',7'dichlorofluorescein 
and visualized under UV-light. The plates were also radio-scanned using, 
a Packard model 7201 radiochromatogram. The radioactive peaks were 
cut, eluted and counted by liquid scintillation. 

All experiments were repeated at least once and average values 
presented. 

Results 

Figure 1 shows the variation in dhurrin content of sorghum seedlings. 
The shoot reached a peak of 2.80 umol on the 8th day, decreased gra- 
dually to  2.12 umol on the 18th day and later increased to  2.73 umol 
on the 24th day. The stalk reached a peak of 1.40 umol dhurrin on 
the 6th day and decreased gradilally to 0.72 umol on the 28th day. 
Dhurrin content of the first leaf increased gradually to 0.65 + 0.05 
umol on the third day and remained fairly constant thereafter. A peak 
of 0.95 umol was reached in the second leaf on the 7th day, decreased 
gradually till the 10th day and then remained constant. Fig. 2 shows 
the variation of dhunin in the root. I t  increased gradually from the 
second day to  reach a peak of 0.24 umol on the 7th day and decreased 
t o  0.20 umol on the 10th day. 

Table 1 shows the distribution of dhurrin m leaves of the Texas 
variety of sorghum seedlings while Table 2 shows that of the Nigerian 
cultivar on the 9th day. In both cases, the concentration of dhurrin 
was fairly constant in the first leaf but varied in the second and third 
leaves. Table 3 shows the distribution of labelled dhurrin in sorghum 
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FIG. 2: Var~ation of the dhurrin content o f  the root o f  sorghum bicolor seedlings 
with age. 
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TABLE 2: 

Leaf 
Section 

5 (Base) 

DISTRIBUTION OF DHURRIN IN THIS FIRST, 
SECOND AND THIRD LEAVES OF 9--DAY OLD 
SORGHUM SEEDLINGS. 

HCN (ppm) * SD 
1 st leaf 2nd leaf 3rd leaf 

TABLE 3: DISTRIBUTION OF RADIOACTIVITY IN DHURRIN 
FROhl DIFFERENT PARTS OF SORGHUM SEEDL - 
INGS FED l4 C SHIKIMIC ACID THROUGH THE 
ROOTS. 

(Dpm total) 

Roots 130,390 

2nd leaf blade 8,971 

1 st leaf blade 4,860 

Coleoptile + hypocotyl 4,681 

3rd leaf (still embedded in 
the coleoptile) 1,548 

seedlings fed 2 uCi ' C-shikimic acid. The root contained over 90% of 
the ' C-labelled dhurrin followed by the second leaf, first leaf and the 
stalk while the unexposed third leaf contained a little but signifi- 
cant amount of labelled dhurrin. Table 4 shows the conver- 
sion of l4 C-tyrosine to dhurrin by different parts of sorghum seedlings. 
All parts have about the same ability to synthesize and accumulate 
dhurrin. Table 5 shows that the mirosomal fractions of the seedlings' 
different parts (except the root) are capable of synthesizing dhurrin and 
its intermediates in vitro. 



TABLE 4: CONVEKSION OF l4 C TYROSINE TO DHURRIN BY 
DIFFERENT PARTS OF SORGHUM SEEDLINGS 

Plant tissue . 
' C-tyroah Dhurrin % Conversion 
taken up (Dpm) (Dpm) 

Whole shoot 2.23x105 2,808 

1 s t  leaf + sheath . 10.3 x lo5  5,455 

1st leaf bliidlconly 3.3 x l o5  1,545 

Coleoptile + hypocotyl 0.86 x l o5  430 

2nd leaf + sheath 6.36 x l o 5  338 

TABLE 5: IN VITRO SYNTHESIS OF DHURRIN BY MICROSOMAL 
FRACTIONS OF VARIOUS PARTS OF THE SHOOT OF 
SORGHUM SEEDLINGS 

Coleoptile 
Whole t 1st leaf 2nd leaf 
seedling hypocotyl 

P-hydroxyphenylace- 
taldoxime*' 14,738 34,991 50,796 8,774 

P-hydroxyphenylace- 
t ~ n i t r i l e * ~  8,878 10,556 16,775 1,845 

P-hydrox ybenzalde- 
hyde*3 47,658 52,691 29,999 2,371 

*2 P-hydroxyphenylacetaldoxime and p-hydroxyphenylacetonitrile are established 

- intermediate metabolites in the biosynthesis o f  dhurrin in Sorghum seedlings. 

P-hydroxybenzaldehyde i s  the hydrolytic product of dhurrin. 

*4 P-hydroxybenzoic acid is the oxidation product of p-hydroxybenzaldehyde. This 
reaction occurs spontaneously In vitro (Ref. 2). 



Discussion 

The result of the present study on dhurrin content of sorghum seedl- 
ings is in agreement with the findings of Loyd and Gray (1970) who 
worked on 3 cultivars of sorghum. our result shows that the concentra- 
tion of d h u d  in the shoot decreases with age while it remained fairly 

* 

constant in the f i s t  leaf. A similar result was also obtained by Gorz 
et a1 (1977). . 

Analysis of the first, second and third leaves shows that dhu& is 
only uniformly distributed in the first leaf but decreases from the 
apex to the base in other leaves. The distribution of dhunin in this 
pattern may be serving a protective role against grazing. This cyano- 
genic glycoside - bitter and poisonous - is concentrated in the leaf 
apices which are easily accessible to grazing animals. Jones (1962) has 
also shown that the cyanogenic glycoside of Lotus corniculatus L. has 
a deterrent effect on grazing molluscs and voles. 

The level of cyanogenic glycoside in parts of sorghum seedling does 
not necessarily indicate. the organs that are responsible for dhunin 
production. Results presented in Tables 4, 5, and 6 show that I4C- 
shikirnic acid and l4 C-tyrosine were converted to dhurrin in all tissues. 

TABLE 6: FRESH WEIGHT AND HCN-POTENTIAL OF THE SHOOT, FIRST AND SECOND LEAVES 
OF SORGHUM SEEDLINGS WITH AGE 

Shoot 1st leaf 2nd leaf 

AF Fresh Weight HCN Fresh weight HCN F ~ s h  weight HCN 
D ~ Y S  (ms) ( P P ~ ) *  SD (mg) ( P P ~ )  +- SD (mg) (ppm + SD 



The microsomal fractions of these tissues also synthesized dhurrin from 
C-tyrosine in vitro. Clegg et a1 (1979) reported that the linarnarin 

content of the seeds of wild Costa Rican lima beans was translocated 
to the seedling during germination and growth. This was confirmed by 

C th presence of linarnarin in the various tissues and the inability of these 
tissues to  carry out de novo synthesis. Bediako et a1 (1980) observed 
that all tissues of cassava convert ' C-valine to  linarnarin. The rate of 
conversion by the root is very small compared to its labelled linamarin 
content. They found that translocation of linarnarin occurred from the 
leaves to the tuber and from senescent leaves to young ones in the 
absence of a tuber. Does translocation of dhurrin occur from the shoot 
to the root in sorghum seedling as in cassava? This cannot be so, for 
the following reasons: 
1. The total dhunin content of the root is small: 0.24 umol compared 

to 2:8 umol in the shoot. 
2. The root synthesizes more dhurrin from ' C-shikimic acid thar, the 

shoot. 
Does translocation then take place from the root to the shoot? 

Again, this is not likely because: 
1. The shoot is capable of synthesizing dhunin in vivo and in vitro. 
2. Biosynthesis of dhurrin is a highly channelled process in sorghum 

seedlings and only 2-3% of the exogenously administered precursors 
is converted to dhurrin by the shoot (Bough and Gander, 1971; 
Adewusi, 1983). This may account for the low ' 4C-labelled dhurrin 
found in the shoot. 

3. Derooted seedlings synthesized dhurrin from ' C-tyrosine. 
4. Compartmentalization of dhurrin and its metabolic enzymes demon- 

strated by Conn, (1980) and Wurtele et al, (1982) tend to imply that 
dhurrin is stored where it is synthesized. 
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