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SL' MMARY 

Cellular membranes were prepav:d from the non-extending part of dark 
grown hypocotyis of  Plu~eo lus  aureus. The relative effectiveness of  continuous and 
discontinuous sucrose gradient centrifugation for the separation of  membranes was 
investigated. Characteristic densities of membranes were determined by the localiza- 
tion of enzyme acth~ties on cor,~tinuous sucros,~ gradients: NADH-cytochrome c-  

r e d u c t a s e  for endoplasmic reticulvm, fl-l-3-glucan synthetase for plasma-membrane 
and IDPase for dictyosomes. The difficulties invoived in the application of  ATPase 
and IDPase as specific membrane markers are discu~-sed. Negative staining of isolated 
fractions indicated that intact dictyosomes could b~' prepared from this tissue without 
the use of chemical fixatives in the. homogenizv.tion medium. 

Extraction of  isolated membranes showed that ~arbohydrate-binding proteins 
(lectins) were present both in an easily removable and in a more strongly bound form. 
In vivo incorporation of  D-[U-~4C]glucose and subsequent isolation and solubiliza- 
tion of the different membranes showed that sugar-co~taining polymers could b~ 
re.leased without hydrolytic techniques and were present in the equivalent ~xtracts 
that exhibited lectin activity. The possibility of  lectin-polysaccharide complexes in 
end oplasmic reticulum and dictyosomes and their involvement in the synthesis and 
transport of secretory substances by the membranes is discu,.~sed. 

I NTRODUCTION 

Hypocotyls of  Phaseolus  aureus  ha~e often been used as the biological system 
in investigations of polysaccharide synthesis in plant tissues [I]. The hypocotyl 
is composed of two very distinct growth regions: one zone, localized in the upper 
part of  the hypocotyl exhibits very rapid extension ,growth, whet eas the other zone, 
at the base of  the hypocotyl, is composed of  non-extending tissue. The composition 
of  the cell wall is very different in the two growth regions, especially with respect to 
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the proport ion and type (.,f glycoprotcin(s) present [2]. In vitro synthesis of cell wall 
polysaccharides has involve~l the use of a total membrane  fraction gener~dly isolated 
from whole hb~pocotyls [3-5]. In a preliminary report,  we used purified membranes  
of endoplasmic reticulum, dictyosomes, plasma membranes  and  mitochondr~a 
separated using continuous ..~ucrose gradient centrifugation, to demons'~rate the 
pre-~ence of carbohydrate-binding proteins in intracellular membranes  [6]. The 
raembranes were prepared from actively extending regions of  the hypocctyl .  

Due to the great diversity of techniques to prepare purified membranes  from 
plant tissue (e.g. cf. refs. 7-11) at~d due to contradictory reports on the pre~.ence of 
marker  enzymes for specific plant  cell membranes  (e.g. cf. refs. 12 and  13) we decided 
to investigate initially the various chaxacteristics of the intracellular membrane  system 
of P. aureus in order to provide a foundation for further work  now in progress on ~,n 
vitro syn~.hesis of cell wall polymer:~ by isolated fractions of endoplasmiic ret iculum 
dictyosomes and plasma membranes.  

M E T H O D S  A N D  M A T E R I A L S  

General prepa~,ation of membrane fractions 
M u n g  bean (P. aureus) seeds were germinated and grown in the dark  under a 

constant spray of water at 22 °C. On the third day of growth, seedlings (with 4-5 era 
hypocotyl length) were harvested, and  1 cm s egme~ts were cut from the lower port ion 
of the hypocotyl.  Fresh weight used for each experiment was 20 g. The material was 
homogenized at 4 °C in a pestle and mortar ,  in 20 ml of medium containing 50 m M  
Tris - HCI, 1 m M  EDTA,  0.1 m M  MgCI2 and 8 9/0 w/w sucrose at p H  8.0. All other 
sucrose solutio~ls used in gradients were made up in l0 m M  Tris - HCI, 1 m M  EDTA,  
0. l m M  MgCI 2, ! m M  KCI at pH 7.0 and are given in w/w ~ .  

The homogenate was squeezed through nluslin and centrifuged at 1000 × g  for 
i0 rain at 4 °C to remove cell walls. This first cvntrifugation step was carried out in a 
.qorvall RC-2-B centrifuge, all subsequent  steps were carried out in a Beckman ultra- 
centrifuge at 4 ~'C using an SW 27.1 rotor head. 

In the determination of characteristic densities of the membranes  f rom the 
hypocotyls, th  ~ , total  homogenate,  after removal of cell walls, was layered onto a 2 step 
sucrose cushion (2 ml 45 o//o; 2 ml 18 9/0) and particula.~e material  was sediraented or~to 
the 18-45 9/o interface by centrifugation at 100(K)0 .×.g for 90 rain. Aiter dilution 
c.7 the sucrosq. ~ to 19 % by addit ion of gradient medi ira, the particulate material  w~ts 
layered onto • continuous sucrose gradient 20-45 % (2 ml membrane  su.,~pension per 
15ml gradiet~t) and centrifuged at 1 0 0 0 0 0 x y  for 2 h. Gradients  were t'~en fraction- 
ated and the sucrose density of the fractions and activity of  marker  enzymes deter- 
mined. 

A dist:ontinuous gradiel~.t method was utilised in the preparat ion of  bulk 
membrane  fr~ctions. The homogenate,  after removal  of  cell walls, was layered oato 
a 3 step sucrose cushion (1 ml 45 %, 2.5 ml 33 3/0, 1 ml |8  %) and  centrifuged at 
100000 × g  t0r 90 rain. Membrane  at the 18-33 9/0 interface was collected using a 
Pasteur pipette and  loaded onto a discont,~nuous gradient:  3 ml 33 9/0, 6 ml 25 o/ / o  s 

4 ml 20 %; similarly membrane  at the 33--45 9/0 interface was loaded onto  3 ml 45 %, 
6 ml 39 %, 4 ml 33 9/0. The gradients were centrifuged at 109 000 × g  for 2 h and 
particulate material at each interface was collected. 
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Marl~er enzyme assays 
NADPH-cytochrome-c-reductase assay contained: 100 pl of  200 mM sodium 

phosphate buffer pH 7.4, 50/tl  cytochxome c (5 rag- ml -  1) 5 Id NaCN, 50 pl H 2 0  and 
100 ~tl membrane fraction. The reaction was started by tb.e addition of  50 t~l N A D P H  
(3 r n g - m l - 1 ) ,  followed at 550 nm using a Zeiss spcctt~ophot6meter, ~:nd rate of  
p M  cytochrome c reduced per rain was calculated using an extinction coefficient of  
18.5-106 cm 2 per tool. NADH-cytochrome-c-reductase assay contain¢,d: 100 /tl 
of  200 mM NaPO4 buffer pH 7.4, 50 Id cytochrome e (5 rag .  mi-~),  5 ?d NaCN, 
140/d H 2 0  and I0 / t i  membrane fraction. The reaction was started by addition of  
50 pl N A D H  (3 rag-  m l -  ~) followed at 550 nm and the rate calculated as for NADPH-  
cytochrome-c-reductase. The effect of  antimycin on enzyme activity was investigated 
by adding 5 ,td antimycin (2 mg-  m l -  ~ in ethanol). 

ATPase activity was measured at pH 6.0 and pH 9.0. The assay cor~tained 
200 pl of 200 m M  Tris /MES (pI-I 6.0 or pH 9.0), 100/~l 20 mM MgCl 2, 250/tl 200raM 
KCI and 300 id of  I0 mM A T P  as the sodium salt. The reaction was started by the 
addition of  150 ld of  membrane' fraction, and incubated at 25 cC for 2 h. 1.5 ml of 
12.5 % w/w trichloroacetic acid was added and the phosphate released was measured 
using the method of  Taussky and Short  [14]. IDPase activity was measured 48 h 
after isolation of  the membranes. The assay contained: 250 itl 10 mM IDP as the 
sodium salt, 50 ltl 20 mM MgCi, ,  600 #1 100 mM Tris • HCI pH 7.4. Reactions were 
s t a t e d  by the addition of 100 p! of  membrane and after incubation at 25 °C for I h 
1.5 ml of  12.5 % w/w trichloroacetic acid was added. Phosphate was determined as for 
ATPase. New plastic tubes and disposable plastic cuvettes were used for all phos- 
phatase assays since the method of phosphate determin~tion was found to be extre.. 
mely sensitive and could give posi'tive results with traces of  phosphate present in glass- 
ware or cuvettes. 

Glucan synthetase was carried out in conditions of  high UDP-glucos~. con- 
centration. The incubation mixture contained: 20 #1 250 m M  Tris/acetate pH 8.0, 
10 id 10 mM UDPgiucose, 10/~l UDP-[X4C]glucose (0.05/~Ci, spec. act.: 280 Ci/mol, 
Radiochemical Centre Amersham). The reaction was started by addition of 50 #1 
of  membrane suspension, incubated at room temperature for 30 rain and stopped by 
addition of  I ml of  chloroform/methanol (3 : 2, v/v). The polymer fraction was extract- 
ed, washed and suspended in dioxane scintillation liquid for determination of radio- 
activity [I 5]. In assays using gradient fractions, it was necessary to add 50 id of boiled 
crude membrane suspension, after chloroform/methanol,  in order to provide suf- 
ficient protein to form a sizeable precipitate. 

Extraction o f  isolated membrane fractions 
The fractionation procedure was developed to investigate the possibility that 

sugar-binding proteins were carried within membrane vesicles in addition to their 
presence as membrane components. Membrane fractions at the 18-25 ~ ,  25-33 % and 
33-39 ~o interfaces of the discontinuous gradient were dialysed against 2 x 5  ! 
of  phosphate buffered saline (0.05 M sodium potassium phosphate buffer pH 7.4, 
0.9 % NaCI) to produce conditions of osmotic shock, and the material remaining in 
the dialysis tubing was centrifuged at 100 0 0 0 × g  for 15 rain at 4 °C in Ti 65 rotor. 
The supernatant (extract 1) was removed, and the membrane pellet was sequentially 
extracted further by sonication in phosphate buffered saline (extract 2), sonication 
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in 0.5 M potassium phosphate buffer pH 7.1 (extract 3), sonication in EDTA (100 
mM)/Tr i ton 'K-100 (0.06 ~ )  (extract 4). The membrane wa¢. pelleted b~twecn each 
extraction by centrifugation as above. Extracts 3 and 4 were dialysed against 4 x 5 ! 
of phosphate buffered saline, and volumes of all fractions were made up to 12.0 ml. 
Protein was determined in each fraction using the method of Lowry et at. [16], with 
bovine serum albumin (Serva Heidelberg) as a standard. Agglutination activity and  
sugar specificity of  the lectins were tested using the titer plate method and. trypsiniz~_d 
rabbit red blood cells as previously described [6, 17]. Lectin activity is given as titer, 
which is defined as the reciprocal of the greates~ dilution at which full agglutination 
occurred. 

Incorporation o f  radioactive precursor 
Hypocotyl segments were incubated in vitro in the dark on a shaker in 23 ml 

H 2 0  containing of I00 pCi D-[U-t4C]glucose (Radiochemical Centre Amersham, 
spec. act. 283 Ci/M) for 1 h. After incubation, the segments were washed with H20,  
and membrane fi'actions were obtained by discontinuous gradient cvntrifugation. 
Extracts 1-4 of  endoplasmic reticulum, dictyosomes and plasma membranes 
were prepared as described above, and were dialysed against 15 I of  H 2 0  at 4 °C. 
Samples were evaporated to dryness under reduced pressure. Hydrolysis, neutrali- 
zation and ar.aly~.ical methods were all as described previously ~l l ]. Since ~ncorpo- 
ration from glucose into proteins was found always to b~ very high [11, 18] radio- 
active amino acids were removed f rom the hydrolysat~ by paper electrophoresis, 
prior to analysis of  the amount  of radioactive incorpc)ration into components  of  
sugar-containing polymers [11 ]. 

Electron microscopy 
Negative stain preparations of isolated membranes of the Golgi apparatus 

were performed. Membrane at 25-33 % interface of the discontinuous gradient was 
diluted 1 : 1 with water, and further diluted 1 : 1 with 12 % w/v gtutar',ddehyde 
(Serva Heidelberg), prior to addition of  2 % w/v sodium phosphotungstate (pH 6.8). 
Preparations were placed on Formvar  coated copper grids (300 mesh) and viewed in a 
Z~iss electron microscope. 

RI~SULTS AND DISCUSSION 

Determination o f  marker enzyme activities 
In order to determine characteristic densities of different membranes of P. 

aureus hypocotyls, a particulate fraction sedimenting onto a 45 ~/o sucrose cushion 
was further centrifuged for 2 h on a continuous sucrose gradient. The distribution of  
certain enzyme activities in gradient fractions is shown in Fig. 1. 

NADH-cytochrome c re&,lctase has bze.n shown to b~ localized in endoplasmic 
reticulura f rom both plant [19] mid animal tissue sources [20]. Activity of the enzyme 
in P. aur.o.us consistently occurred b~tween 19--25 ~/o glucose, (I.08 and 1. t0 g - m l - t )  
v~hich is in agreement with that observed for endopl~smic reticulum in oat roots [21 ] 
maiz.  ~ roots (Bowles, D. J., unpublished) and extending hypocotyls f rom P. aureus 
[6]. In castor bean endosperm, pea[c activity of the e.lzyme occurred at a lower density 
of 1.12 g"  ml -~ [19] and in pea epi~,otyl at 1.11 g -  m1-1 [13]. I~ should be noted that 



364 

v 

~5 

' t l  

o l  

l o o o -  

f i  I 
' I o I E • 

g , 

.Z  

' O  

5 

u 

1 

I t 
° 

t 
I D 
I 
I 0 

D 
0 

m, 

D 

~) 13 
I I  

I ' , I 

I 

, i 

x 0 I - 
% 

% 
\ 

I 

I I , I ' 
I I i 

: ,  .... -'-" \ ,%. 
I ~_.,.--" v ~ "-.~...~ ~ ' o  

u 

I 1 [ ~ | t 

4 6 8 io 12 14 

n u m b e r "  0+" g r Q d l e n t  f r o c t i O n  

40 

30 

~g 
e- 

10 

0 i L 0 
2 16 

Fig. I. E r r s ' m e  activities o f  m e m b r a n e s  separa ted  by con t i nuous  sucrose gradient  centr i fugat ion.  
A par t icula te  f rac t ion  s ed imen t ing  at  18-45 ~ w/w sucrose interface,  was centr i fuged for 2 h at 4 °C 
and  100 000 >:g o n  a con t inuous  sucrose gradient  20-45 % w/w. The  gradient  was f ract ionated,  and  
e n z y m e  activiti¢~ in different  f ract ions de te rmined .  [ ]  [ ]  D ,  sucrose % w/w; O -  - - O ,  Glucan  syn- 
thetase;  A . . .  A ,  ATPas¢;  • -- • ,  IDPase ;  A . . . .  A,  N A D H - c y t o c h r o m e  c-rcductase.  

t he conditions of  homogenization and gradient media used in our report cause dissoci- 
ation of  the ribosomes from "'rough" endoplasmic reticulum, with resultant sedimen- 
tat/on of  total endoplasmic reticulum membrane at low density. 

IDPas¢ has become known as a specific marker for d ictyosomes of plant cells, 
due to the report of  Ray and coworkers [12] on a coincidence of  IDPase with glu(~an 
synthetase activity in pea epicotyls. In non-extending hypocotyls ofP .  aureus ,  it caw, be  
seen f rom Fig. 1 that  there are 2 zones of  IDPas¢ activity, one very localized peak at 
22% sucrose (1.09 g .  ml-1) ,  and another broad peak which occurs between 28-33 % 
(1.12 and 1.15 g-  ml-1) .  Throughout  a number  of  experiments the peak ot" enzyme 
activity occurring at 1.09 g • ml -  ~ remained consistently at that density, whereas the 
other peak of  activity drifted considerably between extremes of  i.12 and 1.16 g .  m l -  1 
F rom continuous gradient data of pea epicotyls [12] and oat roots [21] two peaks 
of  IDPase activity were also observed in those tissues; the enzyme activity at low 
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density w&~ shown to be only slightly lower than that  at high density. In comparison,  
in :rapidly extending hypocotyls f rom P. aureus  [6] and  in maize roots (Bowles, D. Y., 
unpubl ished)  only one peak of  IDPa~se was recovered on a cont inuous gradient and  
tha.t occurrt:d at !. 13 g.  m l -  z. Similarly, in castor bean endosperm [19] only one peak 
of  activity was foun,:l, but at I. 15 g - m ! -  1 

Thus, a l though the IDPase may be iocated in dictyosome membranes ,  it is 
either not  st,celtic for such membra:~es in certain tissues or different parts o f the  dictyo- 
sornes e.g. vesicles as opposed to cis~ernal sacs, exhibit different equilibriun?, densities. 
It is now generally lhought  that  the ~ntracellular membrane  system of  endoplasn~c 
reticulum, dictyosontes and  p lasma membrane  is in a dynamic  state, with either the 
turnover  of  membrane  or specific membrane  components  occurring to produce a 
directional ttow of  ntembrane and secretory substances toward~ the cell surface. At  
t~e time of  homogenizat ion,  certain parts of  the membrane  must  therefore be in 
transit ion and have intermediate characteristics. It may be that the IDPase activity 
at 1.09 g • m l -  ~ is located in transi t ion elements which exhibit enzyme activities typical 
of  both  the endoplasmic ret iculum and Golgi apparatus.  

ATP~zse activity, measur¢~l at pH 6.0, was not  high, but showed ~ consistent 
broad peak of  activity between 28-33 % sucrose (1.12 and  1.15 g - m l - ~ ) .  Using an 
i sopycnic s~tcrose gradient for separation of  membranes  of  pea epicotyl, ATPase ac- 
tivity (pH 7.5) was found to peak at 1.15 g -  m l - t  [12]. This is in coatrast  to the activ- 
ity in root  tis,:~,-~ of  maize and oats [21] where the eznyme was located at densities 
1.17-1.22 g-  Ld -z and  has been suggested to be associated with plasma membrane.  
Work  on MgZ+-stimalated acidic ATPase~ in m u n g  bean hypocotyls ~:annot be 
compared  since activky was only measured in either a 20000 × g or 1(~)000 x g 
membrane  pellet which was not  characterized enzymatically or by electron micro- 
scopy [22, 23]. It would therefore seem tha t  the location of  ATPase in pl=mt mem- 
branes is dependent  on the membrane  source. In situations of  very r~;pid growth, 
as in roots or rapidly e~tending zones of  hypocotyls the A',,Pase activity ~s e~ssociated 
with a membrane  of  high buoyan t density suggested to  be plasma membrane~, ~ !~ereas 
in less actively growinl; tissues the ATPase may be as~ociated w~th t;he dictvosome 
membranes.  

Under  conditions of  high ~mbstrate concentrat ion (in e:~cess of  100 :~M), it has 
been de~,onstrated that  a total m,:~mbrane fraction prepared f rom either oat coleoptile 
[24, 25] or  P.  aureus  hypocotyls [26] produces a /~- l -3-glucan f rom UDPgiucose.  lz 
can be st:on in Fig. 1 that  using a UDPglucose concentrat ions of  t raM, synthesis of  
glucan in P. aureus  occurs prefere ztially in membranes  o f  a density of  36-38 o/ / o s u c r o s e  

(1.17 g .  ml -1) ,  This dertsity has [~een suggested to be characteristi,~ for plasma mem- 
brane in other systems which h~we utilized cont inuous  gradient centt ifugation for 
membr:ane separat ion [7, 21 ]. In t ,nion stem, at concentrat ions of  I m M  UDPglucose, 
~-l-3-glucans were shown to be ,~.ynthesised by both  dictyosomes and plasma mem- 
b~:ane, but  the membran~s were l ract ionated using a discontinuous sucrose gradient 
prepared using coconut  milk and  characterized electron microscopically on the basis 
of dis tr ibut ion of  material  pret~:entiaUy stained by phosphotungst ic  acid/chromic 
acid [.9]. 

In this investigation, membranes  were also fractionated using discont inuous 
sucrose gradient centrifugation, iz, an a t tempt  to compare  bo th  the relative efficiency 
of  the two types of  gradient (con tinuous versus discont inuous)  in the separation of  
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plant  membranes, and also to provide rapidly large amounts  of the different men~- 
branes for further analysis. Results of  enzyme activities in different fractions are 
shown in Table I. It  can be seen tha t  the particulate material sedimenting at each 
interface is enriched in specific membranes. 

Activity of  NADH-c~ochrome-c-reductase  was found to be approx. 154}- 
times higher than that  of  NADPH-cytochrome-c-reductase.  Antiro.ycin A insensitive 
NADH-cytochrome-c-reductase has been associated with endoplasmic re'ticulum an d 
outer membranes of  mitochondria [19]. It was found that  the NADH-c.ytochromt:- 
c-reductase activity in the 18-25 ~/o interface was inhibite'~I 8.9 ~/o by antimycin, 
whereas that  located in the 39-45 % interface was inhibited by 68.8 ~ .  This is c~n- 
sistent with previous data, and is also consistent with the ~ocalization of ATPa.,e 
(opt imum activity at pH 9.0) in mitochondria [21] which sediment at the 39-45 ~,/o 
interface. Relatively high iDt 'ase  activity was recovered in th~ 1.8-25 % interface, bttt 
since two peaks of  activity were found on the continuous ~ra~,~nt, it is probable that  
the activity in the 18-25 ~ fraction is representative of  endo!:~lasmic reticulum mem- 
brane and not due to  contamination by heavier panicles. The activity of  fl-l-3-glucan 
synthetase in different discontinuous sucrose ~radient fract'~0ns would suggest t i e  
enzyme is less specific for o~e type of  membrane than that  su3gested by the data  ob- 
tained with continuous gra0,~ent separation. It  is probable t'rtat equilibrium centriftt- 
gation is necessary to ensure clear separation of  plasma membrane from other intr~,.- 
cellular membranes. "l'he results also emphasise the fact that data  obtained frc-m plar,.t 
membrane fractions isolat~.d only by discontinuous gradient separation must be 
treated cautiously and cannot  be used as the sole criteria for a lk~at ing a particular 
enzyme activity to a particular intracellular membrane. 

Electron microscopy of  dictyosomes 
Membrane material sedimenting at the 25-33 9/0 interfac~ was negatively- 

stained using sodium phosphotungstale,  and viewed using an electron microscop¢~. 
The results are shown in Fig. 2. It has been considered '~:hat plant dictyosomes cannc t 
remain ;ntact and therefore morphologically distinct after the comparatively rigorou s 
homogenization reqt:ired to  break the plant cell walls. Only one investigation, usin ~, 
enzymatic digestion of  the cell wall prior to  homogenization resulted in the i~,~latio l 
of  intact dictyosomes [27]. I-Iowevcr, the typical method of  overcoming the pr~bler~ 
has been to include glutaraldehyde in the homogertiz~Ltion medium [11, 28-30]. I~ 
such conditions, where proteins are e.ross-linked and stabilized, the isolated mem- 
branes cannot  be used for in vitro biosynthesis studies, No glutaraldehyde was use~! 
either in the homogenization or the gradient media in the present report, but the fixa- 
tive was used just  prior to  negative staining of  the isolated material. I f  the fixative was 
not  used, no characteristic cisternae could be observed in negatively stained prepa- 
rations. Therefore, it wol" .,[ seem that  the membr~ne structure is more labile to nega- 
tive stain than to proced-ares involved in homogenizat:ion of the plant cells. This i~ 
consistent with the repcct that  sodium phosphotuv~gst:ate is an extremely effectiw. ~ 
solvent for membrane p,~'oteins of isolated dictyosc ;aes from rat testes cells [31 ]. 

Presence o f  iectins and polysacclu~-./des in iaolaled membranc Jractions 
The intracellulac plant membrane system h:~s been shown to synthesise pol~- 

saccharides and glycc,proteins, and transpor~ th~ polymers to  the cell surface for 



Fig. 2. Negat ive-s ta ined prepa iv t ions  of  d ic tyosomcs from P. aurezts.  A part iculate  fraction,  sedi- 
me~t ing  at 25/33 o~, w/w sucrose interface e r a  d i scont inuous  gradient  was di luted with water ,  ~md 
gltl~aratdehyde was added  to a final concent ra t ion  of  6 ~o w/v. The  n'L~ :nbrane was then negatJw:ly- 
sttLincd using sodium phosphotu~gsta tc .  (a~ and  (b) (magnificat ion >: 40 500) show single cisternat: o f  
isolated dict3ro.',omes, which exhibit  cc,4tral plate-like ;,ones and fenestrated membrane .  (a) is a surface 
view, whereas in (b) the c i s t e r m t e  is seen f rom xhe side. (c) and  (d) (magnificat ion "-: 32 400) show 
examples of  joined cisternac and may represent parts o f  cisternal :,tacks. 
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incorporation into the cell wall [32, .~ 3]. Previous work in our laboratory showed the 
presence of carbohydrate-binding proteins both in extracts of isolated m,~mbranes of 
endoplasmic reticulum, dictyosomes and plasma membranes from rapid3!y extending 
hypocotyls of P. aureus  [6] and in cell wa~l extracts from the same tissue [17, 34]. It 
appeared possible, thel"efore, that the lectins recovered in isolated membraneg could 
be both membrane components and secretory substances carried within the mem- 
brane vesicles for depo~fition at the cell su~'ace. In order to try to determine the validity 
of these two alternath,es, isolated membran~ fractions were sequentially extracted. 
Results are shown in Table II. 

Lcctins could t~ solubilized from fractions of endopla~mic reticulura and 
dictyosomes by osrao*tic shock, sonication and high molarity buffer. These most 
probably represent proteins looseHy-bound to the membranes or substances carried 
within vesicles. It could also be possible that soluble lectins present in the cytosol 
bind to sugar moieties of the glycoprotein and glycolipid components of cellular 
membranes during homogenization of the tissue. However, such unspecific :~tdsorption 
is unlikely to have occurred, since equivalent extracts 1-3 of the plasma membrane 
do not exhibit lectin activity. In addition, it was found that the cytosol (equivalent to 
the 100000xg  sup~rnatant in o lr fractionation scheme) when dialysed against 
phosphate buffered saline and teste I with trypsinized erythrocytes, did not exhibit any 
lectin activity. 

The gceatest amount of protein and lectin activity was released from both 
intracellular membranes and plasma membranes by the combined effect of chelating 
agent and detergent. These results suggest that lectins can be tightly-bound to the 
membranes aed therefore may be classed as membrane components. Confirmatory 
evidence for this suggestion is to be presented using mitochondrial inner membranes 
from Ricinus  commzmis  [35]. 

Th~ sugar speciticity of the lectins in the different extracts w~s also tested and 
the results are sho~ tn in Table III. Lecin activity in extracts 1 and 2 of the endoplasmic 
reticulum and Go!gi apparatus was inhibited strongly by 7-~.-galactonolactone, and 
a-galactosides. It is of interest that the carbohydrate binding activity of cell wall 
extracts from the same tissue is also specifically inhibited by 7-D-galactonolactone 

TABLE IV 

INCORPORATION OF RADIOACTIVITY INTO SUGAR-CONTAINING POLYMERS AND 
GLYCOSIDES IN DIFFERENT MEMBRANES, AFTER IN VIVO INCUBATION OF P. 
AUREUS HYPOCOTYLS IN D-[U-' ~C]GLUCOSE 

Hypocotyls were incubated for 30 rain in D-[U-t4C]glucose, and were used to prepare membrane 
fractions by disuontinuous sucrose gradient centrifusation, After isolation, the membranes were 
prosressively solubilized, and radioactivity in each fraction was determined. 

Method of  extraction Total  radioactivity in each membrane (cpm) 

Plasma membrane Go | s i  apparatus Endoplasmic reticulum 

1. Osmotic shock 460 
2. SonJcation 360 
3. Hish  molarity buffer 90 
4. Chelating agcnt-Vdetersent 570 

1464 900 
420G 440 
1915 317 
5620 956 
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[2~4]. The great variation shewn by the sugar inhibition characteristics of  the different 
e~tracts and membranes may indicate the existence of multiple lectin activities, b~-tt 
as yet. the knowledge of the specific function of  each intracellular membrane of plant 
cells is insufficient to allow the full significance of  the results to be understood. 

Iv. order to determine the type of polysaccharide synthesised by membranes of  
P. ,zureus, segments from hypocotyls were incubated with D-[U-14C]glucose .=n vivo, 
and membrane vesicles were isolated and sequentially solubilized to provide fractions 
equivalent to those which had been tested for lectin activity. Table IV shows the total 
radioactivity in neutral sugars and uronic acids recovered in hydrolysates of  each 
men~brane extract. Radioactivity was present in all fractions and extracts, although 
that recoverable in the fraction of  dictyosomes is higher than that in either the plasma 
membrane or endoplasmic reticulum fractions. This is in contrast to results from 
maize roots [I I, 28, 30], where the amount of radioactivity in art isolated endoplasmic 
reticulum fraction was found to be much greater than in a fraction c f  dictyosomes; 
however, the proportion ofendoplasmic reticulum membrane observed in thin sections 
of  hyi~ocotyl tissue is always very much less than that observed in maize roots 
(Rousier, M., personal communication). 

An analysi:s of  the radioactive sugars and uronic acids in extracts 1--4 of the 
endopl~smic reticulum and dictyosome f~-actions is s h o ~  in Table V. ©f interest is 
the considerable incorporation of radioactivity into glucose, only in extracts 3 and 4 
of the dictyosome fraction. In a following report, we demonstrate that the glucosy- 
lation of  an endogenous steroid acceptor in vitro occurs in membranes of  isolated 
Golgi a:~paratus from P. aureus  [36]. It may be possible that the relativel::J high pro- 
portion of glucose, only released by harsh treatment of the vesicles, represents not 
polysaccharides but steryl glucoside and acylated steryl glucoside prese~:t ~s coml: ~ 
nents of ~iictyosome membranes. 

Tile proportion of  radioactivity in galactose and uronic acids is extremely h~gh 
for extra:ts 1 and 2 of  both the endoplasmic reticulum and the Golgi apparatus. 
These substances are characteristic components of  hemicellulose and pectic substances 
I! ], and ;:heir presence suggests that  such polymers are solubilized from the mem- 
brane vesicles by mild treatment and are present in the extracts. This would be in 
accordance with results obtained using maize roots, which indicated that very high 
molecular weight sugar-containing polymers could be released from isolated mem- 
branes of  endoplasmic reticulum and Golgi apparatus using non-hydrolytic tech- 
niques [3C,]. Such pectic substances would presumably contain suitable receptor 
groups for the carbohydrate-binding proteins/glycoproteins (lectins) present in the 
same extracts, which exhibit galactosid~,~-specific binding sites. Thi~ report may there- 
fore present the first indication that lectin-cell wall polysaccharide complexes do 
occur in th¢~ pi:mt intracelhdar membrane system. The lectins m_~y represent a device 
for binding theJ secretory substances to the membranes during synthesis and transport. 
Alternatively, the complexes may represent completed structural units of  non- 
cellulosic components of the cell wall, preformed by polymerization in the membrane 
compartment before secretion and incorporation into the preexistent wall at the cell 
surface. 
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