
Aflatoxin-lnduced Alteration in Soybean Membrane Protein 

W.V. DASHEK, S.J. WALKER and L. ADELSTEIN, Department of Biology, 
West Virginia University, Morgantown, WV 26506; J.M. DANLEY, Institute for 
Cancer Research, The Fox Chase Cancer Center, Philadelphia, PA 19111; C.E. O'REAR, 
Department of Forensic Sciences, The George Washington University, Washington, 
DC 20052; and R.R. MILLS and G.C. LLEWELLYN, Department of Biology, 
Virginia Commonwealth University, Richmond, VA 23284 

ABSTRACT 

Isolates of aflatoxin-producing strains of Aspergillus can grow on 
Glycine max beans. Furthermore, both mixed aflatoxins and aria- 
toxin BI inhibit the elongation of both attached and excised G. m a x  

roots. In addition, the toxin inhibits the capacity of the excised 
roots to take up [14C]leucine. This suggests that the toxin may 
inhibit the activity of an uptake system responsible for uptake of 
low-molecular-weight (MW) compounds by possibly altering mem- 
brane structure and/or function. In this connection, incubation of 
excised roots in media containing either mixed ariatoxins or aria- 
toxin B a results in a diminution of acid-insoluble protein, but 
neither sterol nor lipid phosphorus levels, of an 80,000 • g pellet 
(purported "crude" plasmalemma fraction). To provide preliminary 
evidence that mixed aflatoxins can decrease the amount of a specific 
plasmalemma protein (which might regulate the uptake of low-MW 
compounds), we incubated roots with and without mixed aflatoxins 
and then gel-filtrated integral proteins which were released by deter- 
gents from 80,000 X g pellets that had been obtained by differential 
centrifugation of Miracloth filtrates. The released proteins were gel- 
filtrated on Sephadex G-100 columns. Sodium dodecyl sulfate, 
Triton X-IO0 and Tween 20 each solubilized greater than 85% of 
the pellet's protein. Gel fdtration yielded 280 nm absorbing void 
volume and retarded peaks for substances which were either precipi- 
tated by trichloroacetic acid (total protein) or solubilized by deter- 
gents (integral protein) from pellets that were derived from aria- 
toxin-treated and nontreated roots. The amounts of protein which 
were recovered within column void volumes following gel fdtration 
of 80,000 X g, acid-precipitable protein were not significantly d i f f e -  
r e n t  for treated and nontreated roots, suggesting that incubation of 
roots with aflatoxins does not reduce the pellet's content of an acid- 
precipitable, high-MW (100,000 or more) protein. However, this 
conclusion is highly tentative as less than 15% of the acid-insoluble 
protein which was layered onto the column was recovered. The 
amplitude of the void volume peaks for detergent-released proteins 
from treated roots was consistently less than that for nontreated 
roots, suggesting that treatment of roots with aflatoxins diminishes 
the "crude" plasmalemma fraction's content of high-MW protein(s). 
This suggestion was supported through calculation of the amounts 
of protein which were recovered within both the void volume and 
retarded peaks and comparing these to the total protein levels that 
were recovered from the columns. The amount of protein which was 
found within the void volume peak following gel filtration of either 
Triton X-IOO or Tween 20-released proteins from pellets that were 
derived from treated roots was less than that for nontreated roots. 

INTRODUCTION 

Isolates o f  a f la toxin-producing strains o f  Aspergillus grow 
on Glycine max beans (1-8). Both mixed  af la toxins  and 
(af la toxin BI) AFBI  inhibit  the e longat ion  of  a t tached 
(9,10) and excised (11) G. max roots.  In addi t ion,  the tox in  
inhibits the ability of  the excised roots  to take up [14Cl- 
leucine and to incorpora te  it into acid-insoluble,  cytoplas- 
mic prote in  (11). This suggests that  the tox in  may  inhibi t  
an up take  system regulating the uptake  o f  low-molecular-  
weight  (MW) substances by possibly altering membrane  
s tructure and /or  funct ion .  In this connec t ion ,  K u n i m o t o  e t  
al. (12) repor ted  that  A F B I  inhibi ted both uridine and 
thymid ine  uptake by HeLa and LS178Y ceils. 

Danley et  al. (10,13) repor ted  that  incubat ion  of  excised 
G. max  roots  in media  conta ining e i ther  mixed  af latoxins or  

AFBI  resulted in a reduct ion  o f  acid-insoluble protein,  but  
no t  sterol o r  lipid phosphorus  levels, in a presumed " c r u d e "  
p lasmalemma fract ion (14,15).  

This c o m m u n i c a t i o n  reports  our  pre l iminary  a t tempts  to 
de te rmine  whe the r  mixed  af latoxins reduce the a m o u n t  of  
a specific p lasmalemma protein .  

EXPERIMENTAL PROCEDURES 

Germination Conditions and Incubation of Excised Roots 

Glycine max, cv. Essex (Southern  States Cooperat ive ,  Inc., 
R i c h m o n d ,  VA,  1977 crop) seeds were imbibed for 3 days 
and the result ing roots  excised and incubated  according to 
Chao and Dashek (16) and Young  et  al. (11),  excep t  that  
50 gtg/mL ch loramphenico l  and 30 gtg/mL A F B I  or  65.64 
gtg/mL c o m b i n e d  af latoxins (AFBI  [30.00 gtg/mL],  AFB 2 
[ 1 . 0 4 / a g / m L ] ,  A F G I  (33 .60 / ag /mL]  and AFG2 [1.00gtg/  
mL]  ), were added to  the incubat ion  med ium.  The mixture  
o f  A F B I ,  AFB2,  A F G I  and AFG2 was prepared using strain 
N R R L  2999 of  Aspergillus parasiticus. 

Roots  were excised into a pH 6.0 incubat ion  med ium 
consisting o f  1% sucrose, 0.5 mM sodium ci t ra te , .20 gtg/mL 
s t r ep tomyc in  and 10 gtg/mL 2-4 d i ch lo rophenoxyace t i c  
acid (2-4, D) (16). Excised roots  were b lo t ted  gent ly  with 
Kimwipes  and their  wet  wt  recorded pr ior  to incubat ion.  
Roo t s  were shaken for 18 hr at 24 -+ 2 C in 125-1,000-mL 
Er l enmeye r  flasks conta ining 20-200 mL of  the medium 
jus t  described at 100-150 rpm in a New Brunswick gyro to ry  
shaker. Roo t s  were incubated  at the rat io o f  1 g wet  w t /20  
m L  medium.  

Preparation of "Crude" Plasmalemma Fractions 

Fol lowing an 18-hr incubat ion,  excised roots  were homog-  
enized into  a med ium consisting of  250 mM sucrose, 2 mM 
EDTA,  25 mM pH 7.2 Tris (17), excep t  tha t  Tris-HCl was 
used. Roo t s  were homogen ized  on ice with a mor ta r  and 
pestle at a rat io of  4 g wet  w t / m L  homogen iza t ion  medium.  
Homogena tes  were fi l tered through Miracloth and the fil- 
t rate was cent r i fuged for  15 min at 1,000 • g. The 1,000 x 
g superna tan t  was centr i fuged at 40 ,000  x g for 30 min and 
the result ing superna tan t  at 80 ,000 • g for  30 min (Fig. 1). 
The  80 ,000  x g centr i fugat ion was pe r fo rmed  at 4 C in an 
In ternat ional  Model-B35 Ult racentr i fuge whereas the 1,000 
and 40 ,000  • g centr i fugat ions  were done  at 4 C in a 
Sorvall RC-2B preparat ive centr ifuge.  

Precipitation or Release of "Crude" Plasmalemma Proteins 

Membrane  prote ins  were released by t r e a t m e n t  with deter- 
gents as in Table  I. Protein was prec ip i ta ted  f rom the 
80,000 x g pel let  through the addi t ion o f  cold 10% tri- 
ch loroacet ic  acid (TEA) (23) with the final T e A  pellet  
being resuspended in 0.5 N NaOH or 0.15 M NaCl prior  to 
pro te in  quant i f ica t ion .  

Protein Assay 

Total  pro te in  was quant i f ied  by absorpt ion  at 280 nm or, 
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FIG. 1. Flow chart for isolation and d e t e r g e n t - t r e a t m e n t  o f  "crude"  p l a s m a l e m m a  fractions. 

occasionally, colorimetrically with Coomassie blue (24) and 
bovine serum albumin (crystalline, Pfahz and Bauer, Stam- 
ford, CT) as a standard. 

Sephadex Gel Filtration of Acid-Insoluble 
or Detergent-Released Proteins 

The TCA-precipitable, 80,000 x g, pellet protein was sus- 
pended in 0.15 M NaCI and then either layered directly 
onto 1.0 • 121 or 2.2 x 122 cm Sephadex G-100 columns 
or lyophilized and the residue reconstituted in 2 mL of 50 
mM, pH 6.5, phosphate buffer prior to layering. Detergent- 
released proteins were layered onto the column without 
prior lyophilization. Aliquots of acid-insoluble or detergent- 
released membrane protein were assayed for total protein 
before layering. The columns, which were calibrated with 
Pharmacia Blue Dextran 2000 and bovine serum albumin, 
were eluted with phosphate buffer. Collected fractions were 
assayed for protein by either absorption at 280 nm, or 
colorimetrically, with Coomassie blue. 

R E S U L T S  A N D  D I S C U S S I O N  

Does the 8 0 , 0 0 0  x g Pellet Contain  the Plasmalemma? 

The validity of employing the 80,000 x g pellet from 
homogenates of developing G. max roots as a source of 
nonenriched plasmalemma has been reported by Trawls and 
his coworkers (14,15,25,26). The data in Table I! provide 
additional evidence that the 80,000 x g pellet can be used 
as a "crude" plasmalemma fraction because it contains the 

plasmalemma marker enzyme, pH 6, K+-stimulated ATPase 
(17). However, a total balance sheet relating the activity of 
ATPase present within each fraction (Fig. 1) to that within 
the total root homogenate following its filtration through 
Miracloth was not performed. Thus, we cannot state 
whether the 80,000 x g pellet contains the bulk of the 
ATPase which is present within the total root homogenate. 
This analysis, together with an electron microscopical 
examination (counterstaining with the plasmalemma mar- 

TABLE ! 

Summary of Detergent Methods for  Re lease  o f  Membrane Proteins 

Treatment Reference 

5-10 mg membrane (protein basis)/mL 
of 1% Triton X-100 containing 15% 
w/v sucrose at 4 C, overnight 
1-2 mg membrane (protein basis)/mL 
of 1% (w/v) sodium dodecyl sulfate 
and 10% (w/v) sucrose in 0.1 M 
Tris-HC1 (pH 8.5), 4 C, overnight 
1-2 mg membrane (protein basis)/mL 
of 0.1% deoxycholate in 1.5 M KCI, 
0.25 M sucrose and 0.01 M Tris 
(pH 7.6), 4 C, overnight 
30 mg membrane (protein basis)/mL 
of pH 8.0, 0.10 M Tris-HC1 buffer 
containing 5.0% Tween 20, 2 hr at 
room temperature 

Strobel and Hess (18) 
Louvard et el. (19) 

Dulaney and Touster (20) 

Franke et el. (21) 

Hjerten and Johansson (22) 
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TABLE II 

Enzymatic Activities of Subcellular Fractions Obtained by Differential Centrifugation of  Homogenates  
of  Excised Roots  Cultured in Medium Containing or Lacki~ Aflatoxins 

K+-stimulated ATPase activity 
(rag Pi released/hr/mg protein) 

NADH-cytochrome c reductase 
activity 

(OD/min/mg protein) 
lnosine diphosphatase activity 
(rag Pi release/hr/mg protein) 

Fraction Plus aflatoxin Minus aflatoxin Plus aflatoxin Minus aflatoxin Plus aflatoxin Minus aflatoxin 

1,000 X g pellet 1.11 • 0.36 1.03 • 0.16 
40,000 X g pellet 0.00 + 0.00 0.00 • 0.00 
pH 6.0 3.19 + 2.20 2.60 + 1.37 
pH 9.0  2.81 • 1 .94 2.85 + 1.66 
80,000 X g pellet 0.45 + 0.07 0.41 • 0.11 
pH 6.0 3.42 • 1.22 3.59 + 1.26 
pH 9.0  3.21 + 0 .99  3.50 + 1.22 
80,000 X g supernatant 0.45 + 0.04 0.41 • 0.19 

0.00 • 0.00 0.00 • 0.(30 
9.97 • 3.16 9.65 • 3.21 

12 .48  + 3.88 11.71 + 4 .37  

1-5 g fresh weight excised roots were incubated, harvested and organelles prepared as in Fig. 1; for assay of K,-stimulated ATPase activity, 
organelles were suspended in 2% sucrose, I mM MgSO, and 1 mM Tris, pH 7.2 to yield 10 ~g/100 taL protein and were then assayed for enzyme 
activity according to Hod~es and Leonard (17); to insure that the reaction was enzymatic, 10, 20, 30 and 50 vg of organeilar protein were used 
for assaying ATPase actiwty; for determinin|g NADH-cytochrome~c-reductase activity, isolated organelles were resuspended in 0.05 M Tris-HC1, 
pH 8.0, 0.67 M sucrose, and 0.001 M histidme to yield 1 mg/mL protein, and were then assayed for enzyme activity according to Hatefi and 
Rieske (27); to insure that the reaction was enz]/matic, 10, 30 and 60 ~g of organellar protein were used for assaying NADH-cytochrome-c- 
reductase activity; for determining IDPase activaty, isolated organelles were resuspended in 61 mM Tris-HCI, pH 7.5, to yield 60 ~ag/100 uL 
protein, and were then assayed for enzyme activity according to Dauwalder et al. (28); to insure that the reaction was enzymatic, 15, 7.5, 3.7, 
3.0, 1.5 and 0.75 ug organellar protein were used for assaying IDPase activity. 

ker stain, periodic acid-chromic acid-phosphotungst ic  acid), 
of  the pellet  is in progress. Table  I! reveals that  the f rac t ion 
appears to be cross-contaminated  with endoplasmic  ret icu- 
lum and d ic tyosomes  as indicated by the presence of  
NADH-cytochrome-c- reduc tase  and inosine diphosphatase 
activities, marker  enzymes  for  the endoplasmic  re t iculum 
(27) and d ic tyosomes  (28), respectively.  In this connec t ion ,  
Travis and coworkers  acknowledge that  the 80,000 x g 
pellet  is a cross-contaminated source f rom which an en- 
riched p lasmalemma fract ion can be obtained.  

Does Incubation of Excised Roots in Medium Containing 
Aflatoxin Reduce the Total or Specific Protein Contents 
of "Crude" Plasmalemma Fractions? 

Danley et  al. (10,13) repor ted  that  an 18-hr incubat ion of  
excised G. max, cv. Essex roots  in a med ium containing 
ei ther  30 /ag/mL pure A F B t  or  33.28 /ag/mL mixed  aria- 
toxins  (5.0 /~g/mL A F G t ,  0.2 /~g/mL AFB2,  27.5 # g / m L  
A F G I ,  0.58 /~g/mL AFG2)  resulted in a low (27%) but  
statistically significant reduct ion  in acid-insoluble prote in  
from " c r u d e "  p lasmalemma preparat ions.  This reduct ion  
could have resulted f rom a d iminut ion  o f  each prote in  
within the p lasmalemma preparat ion or, al ternatively,  in 
a specific protein which might  const i tu te  a d ispropor t iona te  
a m o u n t  of  the protein within the fract ion.  Because afla- 
toxins can impair  the uptake  of  thymid ine  and uridine into  

HeLa  and LS178Y cells, as well as of  leucine into Cucumis 
co ty ledonary  discs, it is possible that  af la toxins may inhibi t  
the  synthesis and /or  insert ion o f  a membrane-associa ted  
prote in  responsible for  the uptake  of  low-MW compounds .  
To  partially test  this, we compared  the Sephadex G-100 
gel f i l t rat ion profi les of  detergent-released prote ins  of  
" c r u d e "  p lasmalemma fract ions which were ob ta ined  f rom 
homogena tes  o f  tox in- t rea ted  and non t rea ted  roots.  

Table III compares  the capabil i t ies o f  3 detergents  to 
release integral proteins  f r o m  the membranous  organelles 
which compose  the 80,000 x g pellet. Each of  the deter- 
gents  released >85% of the prote in  which was present  with- 
in the pellet.  The  percentages for  nont rea ted  roots  were 94, 
86 and 84 for SDS, Tween  20 and Tr i ton  X-lO0,  respective- 
ly. For  t rea ted roots,  the percentages  for  the same sequence 
o f  detergents  were 90, 87 and 91, respectively.  Thus, 
incubat ion  of  excised roots  in a med ium containing afla- 
toxins  does no t  appear to enhance  the capaci ty of  deter- 
gents  to solubil ize proteins  f rom the 80,000 x g pellet.  

The  finding tha t  Tr i ton  X-IO0 and SDS can release pro- 
teins f rom a " c r u d e "  p lasmalemma fract ion is consis tent  
with the results o f  Booz and Travis (26) who  repor ted  that  
bo th  detergents  could solubil ize integral,  membrane  pro- 
teins f rom enriched p lasmalemma fract ions which were 
obta ined  f rom homogena tes  of  developing G. max (L.) 
Merr. ,  cv. Wells roots.  The  enr iched  p lasmalemma fract ion 
was derived f rom an 80,000 x g pel let  by resuspension and 

TABLE II! 

Comparison of  Various Methods for Release of  Proteins from "Crude" Plasmalemma Fractions 

Sodium dodecyl sulfate Fresh wt Tween 20 (mg/g) Triton X-100 

Treated Untreated Treated Untreated Treated Untreated 

Protein remaining after 
detergent treatment 0.013 0.029 0.029 • 0.025 0.037 + 0.016 0.033 + 0.004 0.026 + 0.015 

Total protein within 
the traction 0.210 • 0.040 0.290 + 0.090 0.210 + 0.040 0.290 + 0.090 0.210 + 0.040 0.290 + 0.090 

Glycine max, cv. Essex seeds were imbibed and the resulting roots excised and incubated with and without aflatoxins according to Young et 
al. (11) and I>anley et al. (10,13); roots were homogenized and "crude" plasmalemma fractions were prepared as in Fig. 1; protein was solu- 
bilized from the fractions with the above detergents as in Table I; following solubilization, the membranous residue was suspended in 10% TCA 
to precipitate protein; the total protein of the "crude" plasmalemma fractions was obtained through addition of 10% TCA to the entire 80,000 
X g fraction; TCA-precipitate protein was suspended in 2 mL of 0.15 M NaCI; aliquots of the resuspension, as well as solubilized proteins, 
were assayed for protein by absorption at 280 n m  and/or colorimetric assay at 595 nm. 
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subsequent sucrose gradient centrifugation. 
Figure 2 presents G-100 elution profiles of  acid-insoluble 

protein (a measure of total protein) of the 80,000 x g 
pellet which were obtained from homogenates of aflatoxin- 
treated and nontreated excised roots. Two 280-nm absorb- 
ing peaks were observed for both treated and nontreated 
roots. One of  the peaks eluted within the void volume and 
the other was retarded. 

Although there appears to be a peak shift for protein 
which was precipitated from the 80,000 x g pellet of afla- 
toxin-treated roots, this could well be artifactual because 
the acid-insoluble protein which was precipitated from the 
80,000 x g pellet derived from nontreated roots eluted 
prior to the blue dextran marker. The total amounts of 
protein which were recovered within the void volumes 
that were obtained by gel filtrating proteins from treated 
and nontreated roots were similar, suggesting that incu- 
bation of roots with aflatoxins did not alter the acid- 

precipitable, high-MW protein content of  the 80,000 x g 
pellet. However, less than 12% of the protein which was 
layered onto the column was recovered, thereby rendering 
conclusions regarding aflatoxin-induced changes in the 
acid*insoluble protein content of the membranes composing 
the 80,000 x g fraction highly tentative at best. 

The following Sephadex elution profiles are concerned 
with assessing whether incubating roots with aflatoxins 
alters the 80,000 x g pellet's complement of  integral mem- 
brane proteins. 

The Sephadex G-100 elution profiles of proteins which 
were solubilized by Triton X-100 from 80,000 x g pellets 
that were derived from homogenates of (A) nontreated and 
(B) treated roots are depicted in Figure 3. Void volumes 
and broad, retarded peaks were seen for both treated and 
nontreated roots. When column eluates were assayed for 
the occurrence of protein by absorption at 280 nm, it 
appeared that the amplitude of the void volume peak for 
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TABLE IV 

Distribution of Protein in Sejphadex Peaks Fol lowing Gel Filtration of  Acid-lnsoluble 
or Detergent-Released Proteins of  80,000 X g Pellets Obtained from 
Homogenatcs  of  Aflatoxln-Treated and Untreated Roots  

Protein recovered 
Protein release of  that layered 

Treatment procedure Peak 1 Peak II onto  column (%) 

Plus AFB I TCA 54.5 43.4 7.9 
Minus AFB s 53.9 33.8 13.8 

Plus AFB 1 Triton X-100 19.9 71.9 
Minus AFB a 41.5 52.6 

Plus AFB~ Tween 20 43 .8  44 .0  44 
Minus AFB s 66 .3  28 .9  39 

Plus AFB I 61 .9  26 .9  81 
Minus A F B ~  Sodium dodecyl sulfate 71.5 17.4 >100 

Triton X-100-solubilized membrane protein(s) from treated 
roots was less than that for detergent-released membrane 
protein(s) from nontreated roots. Furthermore,  when 
column eluates were assayed colorimetrically with Coomas- 
sic blue for total protein, we observed an increase in the 
amplitude of  the retarded peak for roots which had been 
incubated with aflatoxins. 

When the total amounts of protein which were found 
within peaks I and II are related to those which were re- 
covered from the column (Table IV), it is apparent  that  
incubation of roots with aflatoxin results in a lower recov- 
ery of Triton X-100-solubilized protein within peak I than 
that for nontreated roots. 

Figure 3 also demonstrates that the broad, retarded 
peak eluted subsequent to bovine serum albumin and, 
therefore, possessed an MW <68,000.  

The elution profiles of proteins which were solubilized 
by Tween 20 from 80,000 x g pellets that were centrifuged 
from homogenates of (A) treated and (B) nontreated roots 
are presented in Figure 4. As in the case of  Triton X-100, 
the amplitude of  the void volume peak was reduced for 
protein solubilized by Tween 20 from the 80,000 x g pellet 
of treated roots compared to that  for the void volume peak 
of solubilized protein from nontreated roots. This reduction 
was also reflected in the amounts of  protein which were 
recovered within peaks I and II. Table IV demonstrates that  
the amounts of  protein within peaks I and II which were 
solubilized by Tween 20 from an 80,000 x g pellet that  had 
been derived from homogenates of treated roots were iden- 
tical. In contrast,  2.3 times more protein was seen within 
peak I than within peak II from nontreated roots. However, 
only 39% (nontreated) and 44% (treated) of  the proteins 
which were layered onto the column were recovered. 

Figure 5 presents the Sephadex G-100 elution profiles 
for proteins which were solubilized by SDS from 80,000 x 
g pellets that  were obtained from homogenates of treated 
and nontreated roots. In contrast  to the Triton X-100 and 
Tween 20 results, it appears that  the elution pat terns for 
treated and nontreated roots  do not  coincide. However, we 
have not  performed sufficient replications to verify this. 
Nevertheless, as in the case of  Triton X-100 and Tween 20, 
both the ampli tude and the amount  of  protein which was 
present within peak I for gel-filtrated proteins obtained 
from treated roots was less than that  for nontreated roots. 

The  similarity in elution profiles between acid-insoluble 
(total) and detergent-released (integral) protein is surprising 
and suggests that  the bulk of  the protein within the mem- 
branes of the 80,000 x g pellet is composed of. integral  
proteins. 

The void volumes most likely represent a heterogenous 
mixture of proteins possessing MW of 100,000 or more. 

The void volume peak should be subjected to ion exchange 
chromatography to separate the various proteins which 
compose the peak. Such separated proteins could then be 
subjected to polyacrylamide gel electrophoresis. Combined 
gel filtration, ion exchange chromatography and gel electro- 
phoresis may reveal any existing differences in the protein 
composit ions of  80,000 x g pellets of toxin-treated and 
nontreated,  excised roots. One of the positive attr ibutes 
of the findings reported herein is the removal of  low-MW 
peptides (peak II) which would complicate ion exchange 
chromatography and gel electrophoresis. 

In spite of  these reservations, the Sephadex G-IO0 pro- 
files of SDS, Triton X-100 and Tween 20-solubilized 
80,000 x g proteins indicating that  incubation of excised 
roots in a medium containing mixed aflatoxins results in a 
diminution of total  protein recovered within pe~k I (void 
volume) with a concomitant  increase in the amount  of 
lower MW peptides (peak 11) suggest that incubation of 
roots with aflatoxins may impair either the synthesis and/or 
insertion of a protein(s) into the membranes which com- 
pose the 80,000 x g pellet. Another  possibility is that  this 
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incubation might result in degradation of an already exist- 
ing high-MW membrane protein, in this connection, Booz 
and Travis (26) demonstrated that proteins solubilized by 
SDS from enriched plasmalemma fractions which were 
obtained from developing soybean roots could be separated 
by 2-dimensional slab gel electrophoresis and, furthermore, 
that the electrophoretograms were characteristic for a given 
membrane species. This observation makes possible an 
evaluation of whether aflatoxins do, indeed, reduce the 
amount  of a specific plasmalemma protein. Before this can 
be accomplished, we must enrich our plasmalemma frac- 
tion, perhaps via the procedures of Berkowitz and Travis 
(14), to eliminate contaminating proteins which would 
obscure a plasmalemma-derived protein on gels. Recently, 
Danley et al. (29) reported preliminary attempts to purify 
(enrich) the 80,000 • g "crude" plasmalemma fraction via 
the procedures of Nagahashi et al. (30). Preliminary results 
indicate that enrichment is feasible, but that numerous 
technical difficulties must be overcome. The identification 
of the plasmalemma of G. m a x  root cells can be accom- 
plished by its reactivity with periodic acid-phosphotungstic 
acid-chromic acid (31) in thin sections which have been 
prepared for electron microscopy, its ability to bind con- 
canavalin A-ferritin complex (25) and its pH 6, K+-stimu - 
lated ATPase activity (30). 

In conclusion, incubation of excised roots with aria- 
toxins may alter the protein conformation of a "crude" 
plasmalemma fraction. 
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