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Figure 1. Electrophoretic pattern of (A) bean extract in ca- 
sein-containing agar gel digested with subtilisin; the marked spot 
represents the area where the inhihitar protected the casein from 
digestion; (B) same with lentil extract, negative for subtilisin 
inhibitor; and (C)  control, bean extract in casein-free agar gel; 
all slides stained with amino black. 
of the suhtilisin inhibitor against bacterial and fungal 
attacks in legume plants and seeds. 
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Fractionation of the phospholipids of two barley (Hordeum vulgare L.) varieties, “Kearney” (winter 
type) and “Prilar” (spring type), by thin-layer chromatography produced ten lipid classes. Phosphorus 
analysis of each fraction showed that phosphatidylcholine, lysophosphatidylcholine, and phosphati- 
dylethanolamine were present in highest amounts. Lesser amounts of phosphatidylserine, phospha- 
tidylinositol, phosphatidylglycerol, diphosphatidylglycerol, and small amounts of phosphatidic acid and 
two unknown phospholipids were present. Fatty acids present in the fractions ranged from lauric (120) 
to arachidic (200). Linoleic acid (182) was the principal fatty acid in seven fractions and palmitic (160) 
was predominant in the other three fractions. This study provides a basis for monitoring of changes 
in phospholipids during cold acclimation of barley seedlings. 

Hordeum vulgare L.) varieties, “Kearney” (winter 
matography produced ten lipid classes. Phosphorus 
ilcholine, lysophosphatidylcholine, and phosphati- 
. Lesser amounts of phosphatidylserine, phospha- 
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Phospholipids are essential components of the cyto- 
plasmic membranes of vegetative and reproductive tissues, 
even though they only represent about 0.6% of the dry 
weight of barley grain (Price and Parsons, 1974). The 
presence of phospholipids in the structure and function 
of cell membranes relates to the movement of charged and 
uncharged molecules, the transport of triglycerides, and 
levels of enzyme activity. 

The composition of phospholipids has been reported for 
most cereal grains. A few studies have been conduded on 
the phospholipids of barley (Aylward and Showler, 1962). 
barley malt (Silherusen and Anthon, 1967), and wort 
(Perkins, 1969). None of the studies on barley phos- 
pholipids have involved fractionation by thin-layer 
chromatography (TLC), quantification of inorganic 
phosphorus by colorimetry, or fatty acid analysis by 
gas-liquid chromatography (GLC). 

This study was initiated to ohtain detailed information 
on the phospholipids of the barley (Hordeum vulgare L.) 
varieties “Kearney” (winter type) and “Prilar” (spring 
type). The information will provide a basis for monitoring 
changes which occur in barley phospholipids during cold 
acclimation and the relationship of these changes to 
winterhardiness. 

MATERIALS AND METHODS 
Whole grain samples of the barley varieties Keamey and 

Prilar were ground in a Udy cyclone mill to pass a 0.6-mm 
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screen. Total lipids including the phospholipids were 
extracted with chloroform-methanol-water (1.01.00.9) in 
the modification of the methods (Bligh and Dyer, 1959; 
Folch et al., 1957; Weber, 1970; Atkinson et aL, 1972) and 
were purified as descrihed previously (Price and Parsons, 
1974). The lipids were separated into classes by silicic acid 
column chromatography (Hirsch and Ahrens, 1958). The 
phospholipid class was eluted with methanol, and the 
solvent was removed hy a rotary vacuum evaporator at 40 
“C. The phospholipids were then transferred to vials, 
flushed with nitrogen, and stored at -20 O C .  

The phospholipids were separated by two-dimensional 
TLC (Parsons and Patton, 1967) on silica gel HR coated 
glass plates with the solvent systems of chloroform- 
methanol-water-28% aqueous ammonia (13070:7:0.5, v/v) 
and chloroform-acetone-methanol-acetic acid-water 
(1004020207, v/v). The individual phospholipids, 
separated by TLC, were identified hy cochromatography 
with authentic reference lipids (Applied Science Laho- 
ratories, State College, PA, Supelco, Bellefonte, PA; and 
Analahs, North Haven, CT) and from published R, values 
(Lepage, 1967; Nichols, 1964). Specific sprays were also 
used to identify phospholipids (Dittmer and Lester, 1964; 
Stahl, 1969). The phosphorus content of the individual 
lipids was determined by spraying the developed TLC 
plates with 50% sulfuric acid, heating the plates for 60 min 
at 180 OC, and scraping each charred spot into a test tube 
(Kahovcova and Odavic, 1969). Digestion and color de- 
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Table 11. Fatty Acid Composition of the Phospholipids 
of Kearney Barley 
phos- 
pho- 

LPC Trb 2.1 36.9 0.3 2.0 5.6 50.2 Tr 2.9 
PC Tr 0.6 17.6 0.4 2.8 19.0 55.2 0.7 3.7 
PS Tr 5.1 30.0 2.8 2.1 7.1 45.0 4.6 3.3 
PI Tr 1.7 24.8 0.2 2.3 22.4 45.6 0.5 2.5 
PE Tr 1.0 20.5 1.1 5.9 14.2 53.9 0.4 3.0 
PG 5.2 31.4 1.2 12.1 26.0 20.1 1.3 2.7 
DPG 3.8 19.8 1.4 3.9 12.5 56.0 2.6 
PA Tr 7.0 35.0 4.8 6.4 23.0 11.3 8.3 4.2 

fatty acid, wt 7% 

lipid= c,, c,, c,, c,,:, CI* c>,:, CIS:, c,, c,,:, 

ration of phospholipids from Kearney winter barley. Adsorbent: 
silica gel HR. The spots were identified as follows: LPC, ly- 
sophosphatidylcholine; PC, phosphatidylcholine; PS, phospha- 
tidylserine, PI, phosphatidylinositol; PE, phosphatidylethanol- 
amine; PG, phosphatidylglycerol; DPG, diphosphatidylglycerol; 
PA, phosphatidic acid, Uk-1-unknown 1, Uk-2-unknown 2. 

Table I. 
Prilar Barley" 

Composition of the Phospholipids of Kearney and 

Kei ar 
~ - 

phospholipid mean' SU mean" SD 
lysophosphatidylcholine (LPC) 37.3 2.41 36.8 2.06 
phosphatidylcholine (PC) 44.4 2.34 44.3 2.52 
phosphatidylserine (PS) 4.8 0.41 5.0 0.45 
phosphatidylinositol (PI) 1.3 0.36 1.1 0.43 
phosphatidylethanolamine (PE) 8.8 0.33 7.6 0.71 
phosphatidylglycerol (PG) 0.2 0.16 0.8 0.54 
diphosphatidylglycerol (DPG) 1.5 0.26 1.7 0.32 

unk 
unk 

8. 

velo 
mea 
1964 

T: 
flu01 
uv 
taining 3 mL of 5% H2QV4 in methanol (v/v) and were 
transmethvlated overnieht at  50 "C (Boatman et al.. 1969) 

pho 

a 

UK, Tr 5.5 36.4 3.0 25.3 9.6 13.6 5.1 1.5 
UK, Tr 1.6 25.1 2.1 16.1 12.5 40.9 1.1 0.6 

Abbreviations identified in Table I. Trace 

rable 111. Fatty Acid Composition of the Phospholipids 
d Prilar Barley 
phos- 
nhn. fatty acid, wt % =..- 
lipid'' C,, C,. C,, C.,.. C.. C ,*., C.. .. CSnC,*., .. . . ." .... ." .".. .".. ." ."._ 
LPC Trb 0.3 17.7 0.3 1.5 19.8 56.4 4.0 
PC Tr 0.4 19.5 0.4 1.6 18.8 55.3 4.0 
PS 1.5 31.2 0.9 5.1 5.4 52.1 1.5 2.3 
PI Tr 3.5 21.0 1.3 6.4 25.2 42.6 
PE Tr 0.4 21.1 Tr 6.6 18.8 50.1 1.8 1.2 
PG Tr 4.8 38.7 3.3 10.9 26.7 14.4 0.5 0.7 
DPG Tr 7.9 18.0 2.8 5.3 13.2 51.1 0.5 1.2 
PA Tr 6.5 36.4 1.0 23.9 17.4 12.8 1.2 0.8 

5.8 37.9 22.6 12.8 20.9 
6 n  UK, 

i i ~  T~ i R ~ R X  1 n 1 1  r, 7 n  A A Q  -__ _. _.I _." .." __. I  "." sphatidic acid (PA) Tr 0.2 0.19 
0.5 0.24 0.3 0.36 a Abbreviations identified in Table I. Trace. 

now 1.2 0.68 2.2 0.52 

Expi It of total lipid phosphorus. * n = 
linoleic (1821, palmitic (160), and oleic (18.1). Lauric acid 
was present in most of the fractions, but only in trace 
amounts. Linoleic acid was the orincinal fattv acid in all 

pment were completed and quantity of each fraction 
sured according to Morrison's procedure (Morrison, 
0. 

fractions except phosphatidylgl&rol {PG), phosphatidic 
acid (PA), and unknown fraction. In these three, palmitic 
was the oredominant fattv acid. 

he phospholipids were sprayed with 2,7-dichloro- nTcp,,ccT,,x, 
YlU"""Ul"l. 

wcein (Stahl, 1969) and the spots were observed under 
light. Individual spots were scraped into vials con- Two-dimensional TLC separated ten phosphorus-con- 

~ : n h t  IIF +him^ +":-:-" i~-:A" Fl,,m thll h n r l ~ . ,  . .  .. _ _  

to produce fatty acid methyl esters for analysis by gas 
chromatography. 
RESULTS 

The solvent systems used in two-dimensional TLC 
produced good separation of the individual lipids in the 
PhosuholiDid class. Figure 1 is a remesentative two-di- 

ihbsphorus-sensitive spray (Dittmer and Lester, 
we could not identify them further. 

.nhnlin;rl n,,mm-;t:,,n nf unrmPr ."A Pr;lor x..oo 

l"L'L"'6 'Lp'Yo L l V l l l  Y l l r  "'u'"J &'"ALL Y ' & " Y  "I b l I r U r  

fractions were identified and two were not (Table I). The 
presence of n-acylphosphatidylethanolamine and n- 
acvllvsoohosohatidvlethanolamine in wheat main has been 

mensional chromatogram nf Kearney bark?. Chroma- 
tograms of the phospholipids d' Prilar harley were es- 
sentially the same. Ten phosphorus-containing compounds 
were obtained, and eighr of the spots were identified. 
Unknown wars 1 and 2 both reacted onsitivrlv to a 
standard p 
1961), I,ur 

The pho,, .."..=." ~~ ,... ~ ~ ~ ~ . ~ . ~ , . .  ~ 1 1  l.~l.ll.~. -.~. . ...Y. I.u~ 
quite similar \Table I) .  Phosphatidylcholine (PC) and 
lysnphosphatidylcholine (LPC) were the predominant 
phospholipids in these texts, comprising owr 80% of this 
lipid class. Smaller amounts of phosphatidylethanolamine 
(PE) and phosphatidylserine (PS) were presenr, along with 
small quantities of the lither six phospholipids. Phos- 
phatidic arid (PA) was present in very small amounts. 

The fatty acid compnsition of the phospholipids was 
similar for both hade? varieties (Tables 11 and 111). Fatty 
arids of the phospholipids rangrd from lauric (12:O) to 
ararhidir (20:O). The major fatty arids drterted were 

Adjustments in technique were required in the steps 
leadine to the oreoaration of fattv acid methvl esters for 

I nis vapor is more sensitive tnan a spray application of 
Z,:-dichlorofluorescein for revealing phospholipids (Par- 
sons and Patton, 1967). Howwer, we ohtained unreliable 
results in subsequent CLC analyses of the unsaturated 

repoked (Cblborne and Laidman, 1975).- These com- 
pounds had R, values similar to those of our unknown 
fractions. 

The composition of phospholipids has been reported for 
corn (Weher, 1970). However, corn contains considerably 
less phospholipid than does barley (Price and Parsons, 
1975) and this could influence the number and weight 
distribution of the phospholipid fractions. Barley and 
wheat have comparable distributions of total lipid among 
the three lipid classes: neutral lipid, glycolipid, and 
phospholipid (Price and Parsons, 1975). When a lipid 
extraction system similar to the one in this study was used 
on wheat (Colborne and Laidman, 1975) the four major 
phospholipid fractions were PC 28.4%, LPC 30.4%, P E  
5.2%, and PS 4.6%. Results from barley (Table I) were 
PC 44%. LPC 37%. P E  8%. and PS 5%. 

GLC ahalysis. *Visblization of the phospholipid fractions 
on TLC plates was first accomplished with iodine vapor. -. . ... .. .. .. " 
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fatty acids with iodine vapor and used 2',7'-dichloro- 
fluorescein thereafter. The error induced by iodine has 
been noted by others (Nichaman et al., 1963). Also, the 
presence of small quantities of water from the silica gel 
HR layer interfered with the boron trifluoride procedure 
(Metcalf e t  al., 1966) for methyl ester preparation. The 
potential problem was overcome by resorting to trans- 
methylation with H2S04 in methanol (Boatman et  al., 
1969). 

The fatty acid composition of the individual phos- 
pholipids in barley (Tables I1 and 111) was similar to that 
in corn (Weber, 1970). Linoleic acid (18:2) was the pre- 
dominant fatty acid in six fractions, PC, LPC, PE, PS, 
DPG, and phosphatidylinositol (PI) in the barley phos- 
pholipids. Linoleic acid was dominant in corn in the 
following fractions: PC, LPC, PI, PG, PE, DPG, and PA. 
Palmitic acid (16:O) was found at  concentrations of 30% 
or more in the PS, PG, and PA fractions of both Kearney 
and Prilar and also in LPC of Kearney. However, in corn 
phospholipids only PI and PG were that high. 
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Effects of Drying and Duration of Storage on the Extractable Atrazine Content of 
Soil Samples 

The extractable atrazine content of soil samples was reduced by drying at  45 "C for 24 h. Dried samples 
originally containing 1 ppm atrazine showed no further significant loss of atrazine when stored up to 
180 days at  room temperature; however, there was significant loss between 180 and 360 days. Dried 
samples originally containing 10 ppm atrazine showed significant loss after 90 days of storage. 

In experiments involving herbicide dissipation in the 
field it is often necessary to accumulate large numbers of 
soil samples over a growing season for chemical analysis 
of residual herbicide. If analytical results are to have any 
relevance to the field situation, dissipation of the herbicide 
during storage must be minimal, or a t  least predictable. 
Storage at  temperatures of -15 to -20 "C is the preferred 
method, but when a large bulk of samples overtaxes 
available refrigerated storage, alternative storage proce- 
dures must be used. The experiment described in this 
paper was carried out to determine the effect of drying and 
subsequent storage at  room temperature on the amount 
of extractable atrazine in soil samples. 
MATERIALS AND METHODS 

Birganbigil clay loam (van Dijk, 1961), containing 53% 
clay and 1.7% organic carbon, was fortified with atrazine 
to a concentration of 1 or 10 ppm. Atrazine was added as 
a solution of technical grade chemical in acetone. The 
solvent was allowed to evaporate before the soil was 
thoroughly mixed. Immediately after mixing, the control 
samples of each concentration were placed in screw-capped 
glass jars and stored at -20 "C. A second treatment of each 
concentration was placed in an oven a t  45 "C for 24 h 
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, before being transferred to jars and stored in the same 
manner as the controls. 

Water was added to the remaining samples to increase 
their moisture content from air-dry (8%) to a more typical 
field moisture (18%). They were then placed in brown 
paper bags and dried at  45 "C for 24 h,  after which one 
set of samples of each concentration was transferred to 
glass jars and stored at  -20 "C with the earlier samples. 
The remainder were stored at  room temperature in the 
brown paper bags for 30,90,180, or 360 days. A t  the end 
of the allotted storage period, samples were transferred to 
jars and stored at  -20 "C. Each sample contained 100 g 
of soil, and each treatment was replicated three times. 

A t  the end of the experiment the samples were extracted 
by boiling in acetonitrile-water (9:1), and atrazine content 
was determined by the gas chromatographic method of 
Bowmer (1972). Cleanup of the dichloromethane solution 
was not necessary. Results were corrected for soil moisture 
content. 
RESULTS AND DISCUSSION 

Atrazine concentrations of the samples following the 
drying and storage treatments are given in Table I. The 
amount of atrazine extractable from the 1-ppm samples 
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