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Abstract-A protein, designated lIpId bmdmg protein (LBP), has been punfied from the petrol extracts of wheat and 
oat endosperms by hydrochlorrc acid preclpltatlon In a non-polar medium and preparative electrophoresIs The purd%ed 
LBP appeared to be homogeneous both by electrophoresls In sodium dodecyl sulphate-polyacrylde (SDS-PAGE) 
gels (MW ca 14 500) and by electrophoresIs (PAGE) at pH 3 2 The ammo acid cornposItIon Indicates a high degree of 
homology between the LBPs from the two sources, as Judged by the Indexes of ComIsh-Bowden and of Harris and 
Teller As In the case of thlomn, a previously characterI& polypeptlde from the ether extract, LBP becomes ether- 
Insoluble, chloroform-soluble by preclpltatlon with acetone, and solubmty In ether Is restored by bmdmg of dlgalactosyl 
dIglycerIde to the chloroform-soluble form 

INTRODUCTION 

The presence of proteins In the petrol (or dIethy ether) 
extracts from the endosperms of wheat and other 
Grammeae has been known for a long time [l-7], but 
most of the research on these proteins has been devoted to 
the thlonms (for a review see ref [S]), while the charac- 
terlzatron of other protein components of these extracts 
has been neglected We report here the Isolation of a 
second type of ether-extractable protem from the en- 
dosperms of wheat (TrItIcum aesnuum L ) and oats (Auena 
satwa L ), for which the desIgnanon lIpId bmdmg protem 
(LBP) Is proposed 

RESULTS AND DISCUSSION 

Solubrllty properttes and purtficatlon 

Experiments sImIlar to those previously reported for 
wheat thlonms [9] were performed in the case of the 
LBPs A prehmmary InvestIgatIon of Its solubmty in 
organic solvents was carried out All protein present In the 
petrol extract preclpltated after the addmon of 9 volumes 
of acetone The preclpltate was thus rendered Insoluble In 
petrol but was stdl soluble m chloroform Addmon of 
dIgalactosyldIglycerIde (DGDG) to the chloroform- 
soluble form led to the recovery of solublhty In petrol for 
both thlonms and LBPs The LBPs co-preclpltated with 
thlonm ma lIpId-free form upon the addmon of 3 volumes 
of 1 M hydrochloric acid m ethanol The lIpId-free form 
did not become soluble In petrol upon the addition of 
DGDG The charactermatlon of the other hpld 
components requned for solublhty In petrol was not 
pursued further In all these quahtatwe solublhty 
experiments, LBPs showed the same propertIes as those 
previously reported for the thIonms [9] As Judged from 
the preparatwe electrophoresls elutIon profiles (see 
Fig l), LBP represents between 30 and 50% of the 
protein extracted with petrol, which Is rather variable 
among cultwars and can be as high as 1 y0 of total protein 
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Fig 1 PurIficatIon of the hpld binding protein (LBP) by 
preparative electrophoresls In a 10 % polyacrylamlde column (10 
x 16cm) A hpld-free protein preparation from the petrol 
extract of wheat endosperm was applied The peak corresponding 

to LBP eluted after that of thlomn (TH) 

[lo] In the case of thlonms, we have shown that only 
about 10% of It Is extracted with petrol [7] 
Unfortunately, we have not yet developed a method to 
determine the total content of LBP In cereal endosperm 
and It Is plausible that LBP Is not quantnatively extracted 
with petrol 

PurIficatIon of the protein was carned out by 
preparatrve electrophoresls of the ethanohc-HCl 
precrpltates (Fig 1) The purr6ed proteins appeared to be 
homogeneous by electrophoresls In SDS-PAGE and in 
PAGE at pH 3 2 (Fig. 2) The apparent MW by SDS- 
PAGE was ca 14 500 for both protems, but It should be 
pomted out that some proteins with hydrophobic 
domams are known to deviate from the mobrhty In SDS- 
PAGE that would correspond to their MW [ll, 123 
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Fig 2 Densltometrlc tracmgs of electrophoretlc bands cor- 
responding to purified lIpId blndlng proteins (LBPs) from wheat 
(w) and oats (0) (A) SDS-PAGE, MW standards were oval- 
bumm (43 000), chymotrypsmogen (25 700), myoglobm (17 200), 
cytochrome c (12 500), bacltracm (1400) from Serva AG 
(B) PAGE, pH 3 2, a wheat thlomn preparation (TH) was 

Included m the gel 

Ammo acid composltlon and possible relatlonshtp to 
prevzously described protems 

The ammo acid composltlons and apparent MWs of the 
purified protems are presented m Table 1 The number of 

moles of each ammo acid that corresponds to the apparent 
MW was adJusted by the method of Delaage [15] The 
ammo acid composltlons of the LBPs purl&d from wheat 
and oats are those expected of homologous proteins, 
according to both of the compositional indexes proposed 
by Cormsh-Bowden [16] and Harris and Teller [13], 
respectively (Table 2) In fact, the divergence between the 
ammo acid composltlons of the wheat and the oats 
protem 1s almost as low as that found between two 
purlficatlon batches of the same protein (unpublished 
results) Although for each LBP a single electrophoretlc 
band was observed, it 1s possible that each preparation 
could Include more than one genetlc variant because of the 
hexaplold nature of both wheat and oats 

A survey of the literature was carried out to check 
whether similar purified protems or crude protein 
fractions had been previously reported Two such 
fractions were found m wheat and oats, respectively 
(I) Frazier et al [14] obtamed a supernatant fraction, 
after 20 y0 ammonmm sulphate preclpltatlon of the acetlc 
acid extract of wheat gluten, which contained one maJor 
and several minor protein components by SDS-PAGE 
This fraction, which has been claimed to represent up to 
10% of gluten, was designated hgolm because of its 
ability to ligate radlonuchde-labelled glyceroltrlolem 
during dough-mmng [ 141 (u) Kim et al [ 171 obtained a 
fraction, designated avenm-C, by gel filtration of a crude 
avenm preparation from oat endosperm This fraction 
presented one maJor and one minor protem component 
by electrophoresls m starch gels at pH 3 2 [17] 

The ammo acid composltlons of hgohn and avenm-C 
are presented m Table 1 and their comparisons with both 
LBPs are shown m Table 2 Both composltlonal indexes 
suggest that the major component of the avenm-C 
fraction 1s probably identical to the LBP from oats, the 
small divergence m ammo acid composltlon being 

Table 1 Ammo acid composltlons and MWs of purdied hpld bmdmg protems (LBPs) from wheat and oats 

Ammo acid 

Mol of ammo acld/103 mol 

Wheat LBP Oat LBP Llgohn [14] Avemn-C [17] 

Mol of ammo acld/mol of protem’ 

Wheat LBP Oat LBP Llgolm Avemn-C 

Arg 738 612 57 5 64 10 8 8 8 
HIS 124 186 176 195 2 2 2 3 
Lys 768 715 43 7 34 10 9 6 4 
Phe 37 2 284 38 5 29 5 4 5 4 

Tyr 159 172 28 8 135 2 2 4 2 
Leu 620 679 840 91 8 9 12 12 
Ile 443 441 406 49 6 6 6 6 
Met 100 215 0 36 1 3 0 5 
Cys 766 590 312 81 10 8 4 11 
Val 514 490 645 36 7 6 9 5 
Ala 446 567 89 5 47 6 7 13 6 
GlY 992 107 8 1015 98 13 14 14 13 
Pro 57 2 596 62 5 66 8 8 9 9 
Glu 1518 1722 128 1 187 20 22 18 24 
Ser 703 539 72 5 43 9 7 10 6 
Thr 413 42 3 526 42 5 6 7 5 
Asp 75 6 69 1 82 5 61 10 9 12 8 

No of residues 132 130 139 131 
MW* 14 590 14271 14905 14 503 

*Calculated accordmg to Delaage [15] as the best adjustment to the apparent MW obtamed by SDS-PAGE for LBP 
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Table 2 Comparison of purl&d hptd bmdmg protems (LBPs) 
with the prevtously reported hgohn [14] and avenm-C [17] 
fractions, using the indexes of Harris and Teller (ref [ 133, upper 
half) and Comtsh-Bowden (ref [16], lower half), modified as 

indicated m Expertmental 

Wheat LBP Ltgohn Oat LBP Avenm-C 

Wheat LBP 
Ligolin 
Oat LBP 
Avenm-C 

1 20 058 111 
134 - 1 15 1 56 
027 1 13 084 
099 172 054 

probably due to the minor component in the avenm-C 
preparation It 1s also likely that the LBP from wheat 1s the 
major component of the hgohn fraction, but the 
composltlonal indexes are less conclusive m this case, 
possibly because of a greater proportion of minor 
contaminants m hgohn as compared with avenm-C 

EXPERIMENTAL 

Bzologzcal materzal An expenmental stock (JVTl) of oats, 
Avena satzva L , and wheat cultrvar Arag6n 03, I’rztzcum aesfzvum 
L, were from INIA (Madrid, Spain) Endosperms were first 
obtained after a short treatment m a Culattt mill and then mulled 
by a longer treatment m the same mtll (fine settmg) 

Purzficatzon procedures Lipid-free proteins from the petrol 
extract of wheat were obtained by prectpttatton wtth 3 vols of 
1 M HCl m EtOH as prevtously described [lo] In the case of 
oats, the proteins were first prectpttated with 6 vols of cold 
Me&O and the ppt was treated once with 3 vols of 1 M HCI m 
EtOH/vol of petrol (bp 50-70”), twice with cold EtOH, twice 
with petrol, and then an-dned The protems reported here 
(LBPs) were purified from these crude fracttons by prep 
electrophorests on 10 % polyacrylamtde columns (1 5 x 10 cm) m 
0 1 M HOAc buffer, pH 2 9, as described for thtonm purtficatton 
Cl81 

Reconstztutzon experiments The petrol extract was coned to a 
final vol of 1 ml/g of orrgmal flour Nine vols of Me,CO were 
added and the ppt formed was recovered by centrtfugatton and 
dissolved m 1 vol CHCI, Reconstttutton of the petrol-soluble 
form was achieved by adding dtgalactosyldtglycertde (DGDG) m 
1 vol CHC& and drying zn vacua DGDG was prepared as 
described [9], the amount obtained from 2 g flour was used to 
reconstttute the amount of Me,CO ppt obtained from 1 g flour 
Protems were analysed m supernatants and ppts by elec- 
trophorests after dehptdatton with 1 M HCI + EtOH-Et,0 
(3 1) 

Analytzcal procedures Gels for PAGE at pH 3 2 were poly- 
mertzed m Hz0 and then incubated m alumunum lactate buffer, 
pH 3 2, and 2 % mercaptoethanol overnight The SDS-PAGE 
method used was a modtficatton of that descrtbed m ref [I93 
Stauung of proteins was accordmg to ref [20] Densttometrtc 
tracings were obtamed wtth a Joyce-Loebl densitometer 

Ammo acid analyses and performtc acid oxtdatton were carried 
out by pubhshed procedures Samples were hydrolysed m a 
thermoblock at 110 f 1” for 24,48 and 72 hr A JEOL JLC-6AH 
autoanalyser was used The number of moles of each ammo acid 
correspondmg to 1 mol of protein was adJusted according to 
ref [15] 

Indexes of composztzon dzvergence The indexes proposed m 
refs [ 133 and [ 161 were used with certam modrflcattons The first 
index IS based on the ammo acid composttton, expressed m 
residues/lo” resrdues, and does not take mto account the stze of 
the protans bemg compared According to ref [21], values for 

this index under 70 indicate a high degree of homology between 
the proteins being compared, and m a hrgh proportion of the 
compartsons with values between 70 and 90 there IS sequence 
homology In Table 2 we use a modtficatton of thts index whtch 
consists of dtvtdmg the index by 70 so that values below 1 mdtcate 
homology, and values between 1 and 128 mdtcate probable 
homology A stmtlar modtficatton of the Index has been used 
prevtously [22] This index takes mto account the stze of the 
proteins, so ur the case of hgohn and avenm-C we have used the 
ammo acid compostttons correspondmg to the adjustments 
obtained by the method of ref [15] whtch were closer to the 
apparent MWs of the LBPs (Table 1) The modtfied mdex used IS 

SANr = SANIO42N, where SAN IS the index proposed in ref 
[ 163 and N IS the number of ammo actd restdues of the smaller 
protein of the two being compared Patrs of protems wtth SAN 
< 042N (equivalent SANr < 1) have a 95% probabthty of 
having sequence homology and tf 0 42 N < SAN < 0 93 N (equt- 
valent to 1 < SANr < 2 2) the protems have sequence homology 
m ca 90 y0 of the cases [ 163 Out of several thousand compartsons 
m which SANr < 1, only one pan of proteins was found not to 
have sequence homology [23] 
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