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explanation for the present findings. The oral route of 
administration evidently results in relatively little systemic 
absorption of the unchanged herbicide. The ip studies 
indicate, however, that once absorbed, the compound may 
persist in fat for lengthy periods of time. 
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Extraction and Identification of the Major Metabolite of 
[ carb~nyl-~*C]Methabenzthiazuron after Degradation in the Soil 

Werner Mittelstaedt,’ Gerald G. Still, Hans Durbeck, and Fritz Fuhr 

After soil decomposition of [~arbonyl-’~C]methaben~thia~uron, the metabolite fraction was extracted 
and separated from the unaltered methabenzthiazuron. Previous studies showed that due to small 
turnover rates, only limited concentrations of metabolites could be expected. Using HPLC, it was possible 
to isolate, concentrate, and purify the major metabolite. Its chromatographic properties were identical 
with l-methyl-l-(2-benzthiazolyl)urea. The characterization was confirmed by mass spectroscopy 
fragmentation which yielded a parent ion at mle 207. The manifold steps of separation and purification 
lead to relatively high losses. After separation from methabenzthiazuron, the metabolite fraction 
represented 2.4% of the applied radioactivity. After fractionation on p-Porasil, only 0.4% was available 
for MS analysis as major metabolite. About 0.9% was separated and not identified, and 1.1% was used 
for TLC and LSC counting or lost during evaporation and redissolving, respectively. 

The urea derivative methabenzthiazuron [ 1,3-di- 
methyl-3-(2-benzthiazolyl)urea] is a very effective herbicide 
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in grain and certain vegetable crops (Hack, 1969; Kolbe 
and Zimmer, 1970). In lysimeter studies, under field 
conditions, using [phenyl-U-’4C]methabenzthiazuron, 83% 
of the applied radioactivity was recovered in soil 111 days 
af‘ter spray application to spring wheat (Fiihr, 1975; Fiihr 
and Mittelstaedt, 1976). The rate of methabenzthiazuron 
metabolism was very slow. At  harvest, 90% of the 
chloroform extractable radiocarbon was shown to be 
unchanged herbicide. In addition to methabenzthiazuron, 
thin-layer chromatography resolved four other radiolabeled 
components from this soil extract (Table I). Even after 
16 months, the metabolite fraction did not exceed 10% of 
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Table I. Distribution of I4C in the  Chloroform Fraction 
(Two-Dimensional TLC) of Soils Extracts 111 Days after 
Application of [phenyZ-U-'4C]Methabenzthiazuron t o  
Spring Wheat under Field Conditions (Time of 
Application: May 2, 1973) 

Re1 distribution of chloroform 
extractable radioactivity 

Substance no. 

Abs 

A too 

Fraction A IRecycle I 1 ZB7, 1 Recycle 2 0 
6 % ~ I;% ~ 19'/.11 

Sensitivity 2 1 I 0.5 
D6lribuli0n 01 radioactivity 

Figure  1. GPC separation of soil metabolites of [carbonyl- 
14C]methabenzthiazuron on 1.1 Styragel (4 X 100 A). Solvent: 
chloroform 2.0 mL/min; chart 10 mm/min. 

Soil layer, cm 1" 2 3  4 5 
0- 5 94.1 1.5 3.1 0.8 0.5 

(Methabenzthiazuron). 
I 

I 1  _- e 

l I 
Olsbibulion of rdiooctivi ly 1 2  3 %  9 6 1 %  1 b% 

I '  Absaplion I 251 n m i  " ~ o ~ v e n ~  composition 

Figure  3. Reverse phase separation of soil metabolites of 
[~arbonyl-'~C]methabenzthiazuron on 1.1 Bondapak C/lS. Solvent 
program no. 10, 20 min, 20-100% acetonitrile, flow rate 1.5 
mL/min, chart 10 mm/min. 

I I I 

I 
1 % 1 9 e % , 1 % 31 

'1 Absorption I 259 i r [ i  2 1  Solvept  composll lon 3 '0 is t r ibut ion of r o d i o a c f i i i t y  

Figure  2. Reverse phase separation of soil metabolites of 
[~arbonyl-'~C]methabenzthiazuron on 1.1 Bondapak C/18. Solvent 
program no. 7 ,  15 min, 15-100% acetonitrile, flow rate 1.5 
mL/min, chart 10 mm/min. 

the extracted radioactivity. In degradation studies under 
constant conditions (Cheng et al., unpublished), even lower 
mineralization rates were observed. Therefore, only small 
quantities of metabolites were available for further 
identification. The object of this study was to use new 
chromatographic methods to purify the major metha- 
benzthiazuron metabolite (3.1 % of total chloroform ex- 
tractable radiocarbon). 
EXPERIMENTAL SECTION 

Material. [~arbonyl-~~C]Methabenzthiazuron (4.4 pCi, 
10 ppm) was applied to a degraded loess soil (195 g, 1.1% 
C, 12.4% clay, 27.4% silt, 58.1% sand, pH 6.3; three 
replicates). 

Extraction and Fractionation. After decomposition 
for 12 weeks under constant aeration with about 3 L of 
C02-free air/h at 65% water holding capacity (WHC) and 
a t  a simulated standardized temperature program (20 OC 
with daily or weekly increase up to 25 or 30 OC, respec- 
tively), all three replicates were immediately extracted 
using the Cheng-Fiihr procedure (1976). All extracts were 
partitioned into organic and aqueous phases. The organic 

1 8 3 2 %  1 6 8 % "  

'I Oistr ibul ion of rOdiQOCtivlty 2 '  Absorption 251 nm 1 

Figure  4. Normal phase separation of soil metabolites of 
[~arbonyl-'~C]methabenzthiazuron on Porasil. Solvent: 
chloroform, 1.5 mL/min; chart 10 mm/min. 

fraction was concentrated (evaporated) to 130 mL and 
dried over 10 g of anhydrous Na2S04 and filtered through 
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Figure 5. Mass spectrum of l-methyl-l-(2-benzthiazolyl)urea. 

a 100-pm Teflon filter. After evaporation to dryness, the 
sample was dissolved in 5 mL of chloroform which was 
placed on a silica gel column for separation of metha- 
benzthiazuron from its soil metabolites using the method 
of Jarczyk (1972). The column (40 X 2 cm diameter) was 
filled with 58 g of silica gel 60 (0.063-0.2 mm, Merck). The 
first eluting solvent was a mixture of carbon tetra- 
chloride-acetonitrile (100:3). The first 650 mL of eluate 
was discarded, while the second 640 mL containing the 
methabenzthiazuron fraction was collected. 

The column was then eluted with 885 mL of acetonitrile. 
The first 420 mL contained no radioactivity; however, the 
following 460 mL yielded almost quantitative elution of 
the metabolite fraction. The metabolite and the meth- 
abenzthiazuron fractions were each concentrated to 100 
mL, filtered (Teflon filter 5 pm), further evaporated to 
dryness and dissolved in 2 mL of chloroform. 

Purification. The metabolite fraction was then par- 
tially purified, according to molecular size, using four 100-8, 
p-Styragel columns in series (Waters Associates prepacked 
columns, 4 mm i.d., 300 mm long). A Waters Associates 
high-performance liquid chromatograph (HPLC) with a 
Model 440 detector (UV detector with a fixed wavelength 
of 254 nm) used for this separation. The HPLC conditions 
were: chloroform solvent; flow rate, 2 mL/min; chart 
speed, 10 mm/min. Best separation was achieved with the 
use of the recycling procedure which is graphically rep- 
resented in Figure 1. Using the UV absorption curve to 
follow the elution patterns, fractions A, B, C, and D were 
collected and recycle 1 and 2 were recycled through the 
p-Styragel columns. Radioassay and TLC showed that 
fraction D contained the radiolabeled methabenzthiazuron 
metabolite. 

The metabolite, fraction D, was further purified using 
HPLC on the reverse phase column (Waters Associates) 
p Bondapak C/18 (Still and Mansager, 1975). For this 
separation a solvent elution gradient was delivered to the 
column by two M-6000 A pumps that were controlled by 
a Model 660 solvent programmer. Pump A used 5% 
acetonitrile in water while pump B used 100% acetonitrile. 
The flow rate through the column was 1.5 mL/min. The 
metabolite was first separated from its contaminants using 
program no. 7 (15-100% acetonitrile, over 15 min, Figure 
2) The radiolabeled fraction from this separation was 
concentrated and rechromatographed using the same 

OC=NH 

/ 
i 

H 

CH, = N H  
I 

1 

&*H 

b) i m i e = 1 3 5 1  

' HCN 

.. 

I HCN 

i m i e  = 1 3 6 1  

e i  i m i e  ~ 1 0 9 )  

Figure 6. Fragmentation of l-methyl-l-(2-benzthiazolyl)urea. 

system but program no. 10 (20-100% acetonitrile, over 20 
min). A single sharp elution peak was collected, con- 
centrated, and prepared for further HPLC purification 
(Figure 3). 

Reference substances of several hypothetical metabolites 
were chromatographed using the same conditions. The 
elution volume of the different materials were compared 
with the unknown methabenzthiazuron metabolite (Table 
11) which showed the same elution volume as 1-methyl-142 
benzthiazoly1)urea. 

The final purification used normal phase HPLC on a 
p-Porasil column (Waters Associates). The elution solvent, 
chloroform, was pumped at  a flow rate of 1.5 mL/min. 
This chromatographic system yielded nearly baseline 
separation of the metabolite from its contaminants (Figure 
4). For comparison, reference substances were also 
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C 11 3 0 4 C  L I '- E 3  90 1 0 1  1 7  

F igure  7. Mass spectrum of 3-methyl-l-(2-benzthiazo1yi~u1t~~ 

Table 11. 
Different Metabolites in Comparison to the  
Major Metabolite 

Elution Volume of Methabenzthiazuron and of 

Elution volume [ mL] 
No. structure p-C 18O p-Porasilb 

Compound 

0 
/ I  

1 as>+ I --c --" I 30.98 4.95 
CH-j  CH3 

0 

2c HO m z ' - N - ! - N H  I I 13 .65 
CH3 CH3 

H CH3 

c ti3 

Major metabolite 24.75-24.83 8.36 
a Solvent program no. 10, 20-100% acetonitrile, 20 

min; flow rate 1 . 5  mL/min; chart 10 mmimin. 
form, flow rate 1 5 mL/min, chart 10 mm/min. 
as degradation product (Wallnofer e t  al., 1976) .  

Chloro- 
Found 

chromatographed (Table 11). The metabolite was con- 
centrated for ma.ss spectral analysis. 

MS Confirmation. The 70-eV mass spectral data were 
obtained on a MAT CH 7 spectrometer equipped with the 
"Spectrosystem 1.00'' computing system. The metabolite 
was introduced by the solid sample probe at a temperature 
of about 70 "C to keep source pressure at lo4 mmHg. The 
normalized and total ion current corrected (peak intensites 
are corrected for changes in the total ion current) spectrum 
(Figure 5) had a base peak a t  m / e  164, while the parent 
molecular ion was observed at m / e  207 with a relative 
intensity of 15.57'. 

The major fragmentation process (Figure 6) involves 
initial loss of OC=NH to give methyl-2-benzthiazolyl- 
amine ( m / e  164, fragment a) which then decomposes to 
fragment b ( m / e  135) by loss of a CHp=NH group. 
Elimination of HCN finally yields compound c ( m / e  108), 
a fragmentation which is typical for benzthiazol (Clark et 
al., 1966). 

In a less favorable fragmentation route, elimination of 
the CONHz radical from the parent molecular ion leads 
to the fragment d ( m / e  163), which by two succesive losses 
of HCN yields fragment e ( m / e  109). 

These data and the related conclusions fit very well with 
the corresponding chromatographic results. Therefore the 
major soil metabolite of methabenzthiazuron has been 
identified as 1-methyl-1-(2-benzthiazoly1)urea (compound 
5, Table II), with structural confirmation verified by the 
mass spectrum of an authentic sample. 

As additional evidence, 3-methyl-l-(2-benzthiazolyl)urea 
(compound 4, Table 11), another hypothetical metabolite, 
was subjected to electron impact mass spectrometry. The 
spectrum (Figure 7) is quite different from that of the 
major soil metabolite and has a base peak at m / e  150 and 
only three peaks with abundances 10% at m / e  207 [parent 
molecular ion (RI = 12.1%), m / e  123 (RI = 19.7%), and 
m / e  96 (RI = 13.2%)]. The initial fragmentation showed 
a loss of an OC=N-CH3 molecule ( m / e  57) to give m / e  
150 which further decomposes by two successive losses of 
HCN, yielding the thiopyrylium cation ( m / e  96), a known 
rearrangement process (Kinney and Cook, 1952). 
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Studies on the Proteins of the Mutants of Barley Grain. 2. Fractionation and 
Characterization of the Alcohol-Soluble Proteins 

U. Singh' and L. V. S. Sastry* 

Fractionation and characterization of the alcohol-soluble proteins of a barley variety, its mutants, and 
Hiproly, a high-protein and high-nutritive barley isolated from the world barley collection, indicate 
quantitative and qualitative changes in the mutants. The 35 % ethanol-soluble subfraction is higher 
in proportion in the mutants and Hiproly, and this could have resulted from the higher proportions 
of the polar amino acids in these proteins among which are also some limiting amino acids like lysine 
and threonine. The digestibility, as observed by the in vitro procedure, of this subfraction in all the 
varieties also is higher and, presumably as a result, the hordein fraction of these mutants also shows 
better digestibility. It appears that, in view of the presence of more polar amino acids which include 
lysine in this subfraction and better digestibility, its enrichment could be a nutritionally favorable index 
of better grain quality. 

Earlier studies on the proteins of a barley variety, 
NP-113, its mutants (Notch-1 and Notch-2), and Hiproly 
indicated considerable changes in the classical protein 
fractions of the mutants, and these changes appeared to 
be nutritionally favorable (Singh and Sastry, 1977). Such 
changes might be attributed to either the enrichment of 
the protein species already existing as indicated in the case 
of wheat gluten or due to the synthesis of the new species 
of the proteins as in triticale or both (Yong and Unrau, 
1964). In the present investigation, attempts have been 
made to identify these changes in the mutants and their 
relationship to nutritional quality. Consequently, the 
alcohol-soluble proteins have been fractionated, amino acid 
composition of the subfraction determined, and nutritional 
quality evaluated by preliminary in vitro evaluation 
procedures. 
MATERIALS AND METHODS 

The grain samples, namely, NP-113, Notch-1, Notch-2, 
and Hiproly, used in this investigation, and the protein 
fractions therefrom, were obtained as described earlier 
(Singh and Sastry, 1977). The determination of the protein 
content and electrophoresis of the proteins were also 
described earlier. The gel system (Singh and Sastry, 1977) 
with an operating pH 4.0 was employed for characteri- 
zation of the protein subfractions. 

Fractionation of Hordein. After extraction of hordein 
with 70% ethanol, distilled water was added to the extract 
until a final concentration of 35% ethanol was obtained. 
After allowing the protein to precipitate for 30 min, the 
suspension was centrifuged. The residue was washed with 
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35% ethanol and ethanol and dried under vacuum. This 
formed the 35% ethanol-insoluble fraction. The super- 
natant was "flash-evaporated'' a t  37 "C and the residue 
dried under vacuum. This fraction was designated as 35% 
ethanol-soluble fraction. 

Preparation of a- and B-Hordeins. The procedure of 
Tumer et al. (1965) was followed. Two hundred milligrams 
of the hordein was suspended in 5 mL of 95% ethanol. 
The suspension was shaken continuously for 2 h and 
centrifuged. The residue was washed twice, and the 
washings were pooled with the first supernatant and 
flash-evaporated at  37 OC.. This fraction is referred to as 
the a-hordein. The pellet which was dried in vacuum was 
designated as P-hordein. 

Gel Filtration of Hordein. The protein sample was 
dissolved in a sample containing 4 M dimethylformamide 
(DMF) and 0.1 M acetic acid. The solution was dialyzed 
against the same solvent for 24 h to remove contaminating 
pigments. After adjusting the protein concentration to 20 
mg/4 mL of the solution, the sample was applied at  the 
top of the Sephadex G-100 column (2 X 50 cm) previously 
equilibrated with the same solvent after measuring the 
total absorption at 280 nm. Elution was effected with the 
same solvent. Three-milliliter fractions were collected with 
the aid of a LKB-Radi Rac Siphon control automatic 
fraction collector. Fifty fractions were collected at  the rate 
of 12 mL/h. The optical density of each fraction was also 
monitored at  280 nm. The tubes containing the protein 
under each peak of the elution profile were pooled, dialyzed 
against distilled water, and lyophilized to dryness. 

Determination of Amino Acid Composition of 
Protein. About 10 mg of protein (N X 6.25) was hy- 
drolyzed with 10 mL of distilled hydrochloric acid (6 N) 
for 24 h at  110 f 1 "C in evacuated sealed tubes. Excess 
acid was removed by repeated washing with distilled water 
and it was subsequently evaporated under reduced 
pressure at 50 "C in a rotary flash-evaporator. The residue 
was taken up in citrate buffer (pH 2.0), and an aliquot was 
analyzed on a Technicon Sequential Multisample amino 
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