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SUMMARY 

Treatment of untransformed mouse and hamsmr cells with the ~ i a r y  amine 
IocM anesthetics dibucNne, m~acNne and procaine increases their susceptiNlity to 
agNutination by low doses of the plant lectin concanavMin A. AgNutination ofanes-  
th~im~eated untransformed cells by low doses of concanavMin A is accompan~d by 
redist6bution of concanavMin A receptors on the cell surface to form patches, similar 
to that occurring in spontaneous ag~utinat ion of ~rusAransformed cells by conca- 
navNin A. Immunofluorescence and ~eezbDa~ure  de~ronmic roscop~  observations 
indicate that local anesthetics per se do not induce this redi~ribufion of concanavMin 
A recepto~ but modify the pNsma membrane so that receptor reNstribution is facili- 
tated on binding of concanavMin A to the cell surface. Fluorescence pdafizat ion 
measurements on the rotafionM ~eedom of the membrane-a~oda ted  probe, diphe- 
nylhexatrien~ indicate that local anesthetics produce a small increase in the fluidity 
of membrane lipids. Spontaneous agNutination of ~ansformed cells by low 
doses of concanavNin A is inNNmd by colchidne and ~nblasfine but these alka- 
loids have no effe~ on concanavMin A agNutination of anesthetic-t~ated cells. Evi- 
dence is p~sented wNch suggests that local anesthetics may impair membrane peri- 
pheral pro~ins senfitive to c d c N d n e  (microtubuks) and cytochNasin-B (micro- 
Naments).  Combined ~eatment  of untransformed 3T3 cells with cdch idne  and cyto- 
chNasin B mimics the effect of  local anesthetics in enhandng susceptiNlity to ag- 
~utination by low doses of concanavMin A. A hypothesis is p~sented on the respec- 
tive roles of colchidn~sensitive and cytochNasin B~enfifive peripheral membrane 
proteins in controNng the t o p o g r a p h e r  distribution of lectin receptors on the cell 
surface. 

INTRODUC~ON 

ConcanavMin A and other plant lectins have been used extensNdy to study 
differences in the orga~zat ion  of the surface of untransformed and ~ansfonned cells 
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[1-3]. In general, cells wansformed by oncogenic viruses or cardnogenic c h e m ~ s  
are ag~utinated by doses of concanav~in A which do not affect untransformed cells, 
but the latter can be made susceptible to ag~utination by similar low doses of con- 
canav~in A by brief tryp~nization [1 3]. The facto~ that determine these differences 
in ag~utin ability are still poorly understood. Variation in cellular suscepti~lity to 
lectin ag~utination does not result from simple differences in the number of lectin 
binding receptors exposed on the cell surface [4-11 ] and expe~mental investigation of 
the u n d e r , r i g  mechanismS) is now directed largely to identification of differences in 
the ~ructurN organization of the cell periphery in ~ansformed cells and their un- 
uansformed counterpa~s. 

ConcanavMin A-induced agNutination of both un~ansformed and trans- 
formed cells is accompanied by red~tfibution of concanavMin A ~eceptors on the cell 
surt~ce f o r e  a random dispe~ed pattern to form "'patche~' [l, 8, 12-15]. This as- 
sodafion between agglutination and red~tribution of lectin receptors has prompted 
proposMs that variations in cellular susceptibility to agglutination might reflect di~ 
~rences in the ability of receptors to move laterNly within the plasma membrane to 
form patches. SpeNficMly, it has been propoaed [16 22] that the higher susceptiNlity 
of transformed cells to agNutination by concanavalin A results ~om a more "fluid" 
lipid matrix in the plasma membrane of these cells compared with the membranes of 
un~ansformed cells. Enhanced fluidity of the lipio membrane matrix could allow a 
greater rate of lateral movement of receptors within the membrane and favor the 
formation of patches of recepto~ a~er binding of concanavMin A to the cell surface. 

In this commun~afion we repo~ that local anesthetics which increase the 
fluidity of phospholipids in model membranes, as described in detail in the preceding 
paper [23], also enhance the susceptibility of untransformed cells to agNutination by 
low doses of concanavNin A. Analysis of the cellular changes occurring in anesthetic- 
treated cells has reveMed, however, that ane~het~qnduced alterations in membrane 
fluidity might not be the primary mechaNsm responsible for the increased ag~utina- 
tion response, and that the m~or  action of these drugs is on peripheral membrane 
protons that regulate the di~ribution of lectin binding sites on the cell surface. 

MATERIALS AND METHODS 

Ce~ 
BALB/c mouse 3T3 cells and BALB/c 5T3 cells transformed by simian virus 

40 (SV3T3) were cultured in 60 mm plastic Petri dishes (Falcon Plastics, Oxnard, 
C~ifornia) in DMbecc~s modification of Eag~s medium sup~emented with 10 ?~i 
~tal bovine serum as described before ~4]. Two variant SV3T3 cell lines, R-SV3T3- 
10 and R-SV3T3-14, showing rever~on of their ~ansformed properties, but which 
still retain rescua~e SV40, were isolated f o m  the SV3T3 cell population on the basis 
of their increased resistance to ag~utination by concanav~in A using methods de- 
scribed ~sewhere ~5] and cultured under the same con~fions as the parent SV3T3 
cells. The baby hams~r kidney (BHK) cell line, BHK21-CI3, and BHK cells trans- 
l~rmed by polyoma virus (PY-BHK) or Rous sarcoma virus (Bryan ~rain) (RSV- 
BH K) were also cMtured in D~becco~s mo~fication of Eagles medium sup~emented 
with 10 % ~tal  bovine serum as described before ~6]. Culture media and sera were 
obtained ~om the Grand Island Biological Company (Grand Island, N.Y.). 
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Concanavalin A 
Concanav~in A was p u ~ h a ~ d  as a t w ~ o c u ~ l i z e d  p ~ p a r ~ i o n  (Miles, 

Elkha~, Ind.) and purified fu~her by affi~ff chrom~ography [8]. 3Hqabded con- 
canavMin A (spedfic a~Nif f  3.8.106 cpm p ~  rag) was prepared Dora affi~ff chrom> 
tography purified c o n c a n a v ~  A using ~ H ~ c ~ i c  anhyddde as desc6bed befo~ ~, 
27]. SHqabd~d concanav~in A cmchrom~ographed with unlabd~d concanav~in A 
on DEAE-cell~ose and m ~ m ~ e d  native concanav~in A in its ~ac t i~ f f  with rabbit 
antimoncanav~in A a n t ~ o ~  and cell ag~minafion p r o p e ~ s  [27]. Binding of aH- 
labeled concanavMin A to cells was m e ~ u ~ d  at 0 ° C or room ~ m p ~ u m  (22 :C) 
as described pre~ouMy [8]. The amount of 3H-~beled concanav~in A bound to 
cells in the presence of ~meth~mannoside ~.1 M) was su~ra~ed  ~om the amount 
bound in the absence of this compoun& The results are expm~ed as specific binding 
of 3H-~beled concanav~in A in cpm per 1 • 1 0  7 cells. 

Cell agylut&ation by concanavafn A 
C dl~ a r  susceptibility to ag~utination by ~fferent concentrations of con- 

canav~in A was measured as described pre~ous~ ~8]. Ag~utination was assessed 
by microscopic examination of cell pop~a t~ns  a~er incubation at room ~mperature 
for 20 min and scored as O, k ,  q = ,  i ~ ! ~ o r = ÷  :--- for 0, 25, 50, 75 or > 907,, 
of cells ag~utinated, respectively. The spedfidty of the ag~ufination reaction was 
confirmed by ag~utination inhiNfion using 0.25 M ~-m~h~mannoside, a sperfic 
hap~nic in~Ntor  for concanav~in A. 

Since Ca z+ exe~ a Mgnificant effe~ on the " ~ d ~ f '  of phospholi~ds [23, 
29], the ag~utination assay for cells treated with local anesthetics was mo~fied to 
accommodate the posMNIRy that EDTA detachment of cells from peWi dishes imme- 
diatdy before ~sting their ag~utinability might ~ter  the "f l~di ty"  of membrane 
phosph~ipids and thus c o m e , a t e  in~rpretation of experiment~ observat~ns on 
changes in ag~utina~li ty that might result from the ability of anesthetics to increase 
f i~d fluiOty ~3]. Cells were therefore detached from the surface of petri dishes using 
0.2 ~ EDTA in c ~ d u m  and magneMum-free s~ine and then returned to c o m m i e  
medium sup~emen~d with appropfa te  concentrations o f loc~  a n e M h ~ s  for periods 
upto two hours at 37 °C. The suscepti~lity of cells to ag~utination by different con- 
centrations of c o n c a n a v ~  A was then d~ermined, still in the presence of local 
anesthetics, and ag~utination scored as described above. 

Immunofluorescence assay of concanavalin A b ~ n g  
The distribution of concanavMin A binding sites on the cell sur~ce was dete~ 

mined by indirect i m m u n o f l u o ~ e n c e  as described previously ~].  For ~ n ~  cells 
were exposed to concanav~in A for 30 min at 37 °C before fin~ incubation with 
f l u o ~ c o ~ u g ~ e d  rabb~ ant i~oncanav~in A ant iboO~ for 1 h at 37 °C. Cells 
were fin~ly fixed with 2.5 ~ ~utar~dehyde for 15 min ~ room ~mpera tu~ .  In some 
experiments calls were fixed with ~utar~dehyde befo~ incubation with concanav~in 
A and f luor~c~n-co~ug~ed  antimoncanav~in A a n t i b o d y .  The ~s~ibut ion of 
spe~fic i m m u n o f l u o ~ e n c e  on ~ d u ~  cells was observed in a Lei~ O a h ~ u x  
m i ~ o ~ o p e  under d ~ a ~  light using UG-1 exaltation and K-430 barrier fikers. 
To d ~ m i n e  the ~equency of ~ f f e~n t  i m m u n o f l u o ~ e n c e  ~ n g  pa~erns on 
cells within any samN~ at ~ast  100 ~ n e d  non-aggreg~ed cd~  were observed under 
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1000~ magnification. The term "uniform" fluorescence will be used to describe the 
staining pattern in which specific immunofluorescence was confined to the sphe6cal 
outline of the cell. Work in this [8] and other laboratories [7, 30] has established that 
this pattern is characteristic of  a randomly dispersed di~fibution of concanavNin A 
receptors on the cell surface. " P a t c h f '  fluorescence describes staiNng patterns in 
which fluorescence occurs only in concentrated areas of the cell, including the central 
area, leaving other areas devoid of fluorescence including ring fluorescence at the cell 
marNn. This pattern occu~ only a~er redi~Nbution and clustering ofconcanavNin A 
receptors to form "patcheg '  [7, 8, 30]. 

Freeze J)'acture e#c~on m~roscoto" 
Cells for freeze fracture observations of membrane ultrastructure were pre- 

pared and etched in a BNze~ BA 360 freeze<tch apparatus and shadowed with 
platinum as described before [31]. Spedmens were examined in a Phillips EM 300 
electron m~roscope operating at 60 kV. 

Fhmrescence po~rization 
Fluorescence polarization measurements on intact cells were made in an 

Aminco Bowman spectrofluorim~er as desc~bed in the preceding paper ~3]  using 
1,6-diphen~hexatriene (DPH)  as a probe for membrane fluidity (vide inDa). Cell 
suspensions (1 - 106 cells per ml) were labelled with DPH in phosphate-buffered saline 
by Mowing a 5 ~1 aliquot of  DPH (10 -3 M) di~oNed in tetrahydrofuran into the cell 
suspen~on. The finn concentrations of DPH and tetrahydrofuran were 1-8 #M and 
0.5 ?~ (v/v), respe~ivdy.  The s ampk  was then incuba~d for I h at room mmperatum 
in the dark, aRer which the cells were washed twice with phosphate-buffered saline 
and the final pMarization measuremen~ made using a 0.5 ml sample. The background 
signal Dom control cell suspensions without DPH was sub~a~ed  Dom all measurm 
menU. 

M~roscopy of DPH~ta ined  3T3 cells revered  that D P H  fluorescence was 
present on the cell surface but s~Nficant cytoNasmic ~Nning was also d e ~ m a b ~  
witNn 5 min of exposure to the dye. In addition to diffuse low intensi~ staining over 
the general cytoNasm, numerous very smNl areas of intense punctate fluorescence 
were present, usually in the pe~nudear  cytoNasm. The size and N ~ 6 b u t ~ n  of the 
latter resemNe closely the previously documented fluorescence staining pa t~ rn  found 
in c d g  ~eated with acridine dyes in wNch fluorescence has been locMized spedficM~ 
to lysosomes [32]. No staining of the nuclear membrane was observed in DPHqreated  
cells. These observations with 3T3 cells conflict with those of  S N e a k y  and lnbar [33] 
using ~mphocytes  who repoAed that DPH fluorescence was confined strictly to the 
cell pe~phery. Our results suggest that DPH is dNtributed to both the plasma mem- 
brane and i n ~ a c d l ~ a r  membranes. 

Reagen~ 
G ~ c e r ~ ,  sucrose, ~ m ~ h f i s ~ f o ~ d e  and c~chidne  were obtNned from the 

Sigma Chemical Company. L u m ~ c ~ n e  was p ~ p a ~ d  by exposing c o ~ n e  to 
~ a ~  light in 95 ~ ethanol as described by Wilson and Friedkin [34]. [3H]Col- 
chicine (spec. act. 5 C~mol)  was purchased from New ~ngland Nu~ear  (Boron ,  
Mass.): ~bucNne  HCI, procaine HC1 and ~ a c N n e  HCI from Mann Research 
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L a b o r a t o ~ e s  ( O r a n g e b u r g ,  N . Y . ) :  c ~ o c h M ~ i n  B a n d  d i p h e n ~ h e x ~ e n e  ~ o m  t h e  

A l d N c h  C h e m i c N  Co.  ( M i l w a u k e ~  W i ~ . )  a n d  v i n b l a s f i n e  s u l ~  ( V E L B A N )  f r o m  

Eli k i l ly  a n d  Co.  ( ~ N a n a p M i s ,  I n d . ) .  

RESULTS 

The q~k, ct o f  local a n e s ~ s  on c d ~ r  at~cc'pt~iliO" to agg~t ina t~n  by con- 
canara~n A 

A g N u t i n a t i o n  o f  u n t r a n s l ~ r m e d  3T3 a n d  B H K  cells a n d  the  r e v e r t a n t  S V 3 T 3  

lines,  R - S V 3 T 3 - 1 0  a n d  R - S V 3 T 3 - 1 ~  r equ i r e s  ~ g N f i c a n t l y  h i g h e r  c o n c e n t r a t i o n s  o f  

c o n c a n a v N i n  A t h a n  the  c o ~ e s p o n N n g  cell l ines  t r a n s f o r m e d  by o n c o g e n ~  v i ruses  

( T a b ~  1). H o w e v e r ,  i n c u b a t i o n  o f  u n t r a n s f o r m e d  a n d  r e v e r t a n t  ceil l ines  w i t h  t he  

local  a n e s t h e t i c  d i b u c N n e  for  30 m i n  a t  37 °C f i g n i f i c a n t ~  inc reases  t h N r  s u s c e p t i N l i t y  

to  a g N u t i n a t i o n  by low doses  o f  c o n c a n a v M i n  A ( T a N e  I ). 

T h e  effect  o f  N f f e ~ n t  d i b u c a i n e  c o n c e n t r a t i o n s  a n d  i n c u b a t i o n  t imes  o n  the  

s u s c e p t i ~ l i t y  o f  3T3 cells to  c o n c a n a v a l i n  A a g ~ u t i n a t ~ n  is s h o w n  in Fig.  1. Ex-  

p o s u r e  o f  3T3 cells to  d i b u c a i n e  (1 - 10 ~ - 5 .  10-  a M ) l ~ r a s l i t t l e a s  1 0 m i n a t 3 7  C 

i n c r e a s e d  t h e i r  s u s c e p t i ~ h t y  to  a g ~ u t i n a t i o n  by c o n c a n a v ~ i n  A,  t h o u g h  m o r e  m a r k e d  

c h a n g e s  in a g ~ u t i n a ~ f i t y  r e q ~ r e d  l o n g e r  i n c u b a t i o n  t imes  (Fig .  1 ). D i b u c a i n e  c o n -  

TABLE I 

THE EFFECT OF DIBUCAINE ON CELL A G G L U ~ N A ~ O N  BY C O N C A N A V A ~ N  A ~ 

T ~ m e n t  

Untrea~d 
control 

DibucNne 
(1 • I 0  - ~  M )  ~ 

DibucMn~ ,d 
II • 10 4 M )  

plus CaCI2 
t5 raM) 

Dibucaine a ~ 
tl • 10 a M )  

plus CaCIz 

Co~emrmim~ o f ~ a ~ l i n  A ( / ~ m l )  ~ r  n ~ m u m  ~ / ~ g ~ o n  ~ 
~ _ 

Untrans~rmed cells Trans~rmed cells Reve~ant cells 
_ _ _ 

3T3 BHK SV3T3 PY-BHK RSV-BHK R-SV3T3- R-SV3T3- 
10 14 

1400 850 50 80 30 1400 1200 

350 100 50 80 30 350 350 

1350 850 50 N.D. N.D. N.D. 1200 

(I 0 m M ) 1400 850 50 80 30 1200 1200 

~' Except where stated otherwise, the results represent mean values derived from six separate 
expe~ment~ 

~ > 90 ~ cell agglutination by the stated concentration of concanavalin A a~er incubation at 
room temperature for 20 rain. In any given expe~ment a minimum of three repl~ate cultures of the 
same cell type were tested to obtain a representative value of agglutinability. 

~ Cells were incubated in suspen~on in complete cuhure medium for 60 rain at 37 C and then 
assayed for agglutinability. 

d Mean values derived from two separate experiments 
e Mean values derived from three separate expefiment~ 

N.D. ~ not done. 
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Fi~. I. The e ~ c t  o~ ~buc~ne  c o n s t r a i n  and i n c u b ~ n  time on ~he dose o~ c o n c a n a v ~  A 
~ q u i ~ d  to induce ma×imum a ~ n  o~3T3 cells. ~ells (~. 10 ~ per ml) were incubated in 
suspen~on ~ r  the indicated times in ~ m - ~  medium supp~me~ed with dibucaine HCI a~ the 
~llowing c o n ~ r ~ :  • • ,  1 .10 -~ M; • • ,  5- 10 -~ M ; ~ - - ~ ,  I • 10 -~M:  • • ,  2. 
10 -a  M; and ~ - - ~ ,  5 • 10 -s M. R e ~ e  control 3T3 cell cultures at the same density (~  ~)  
were incubmed in ~ m ~  medium without ~b~Mne ~ r  the same periods. 

cent ra t ions  below 1 - 10 -5 M had  l i~le or  no effect on  cellular  susceptibi l i ty  to a g ~ u -  
f inat ion (Fig. 1). Incuba t ion  of  3T3 cells with d i b u c ~ n e  at concent ra t ions  greater  
than 5 • 10 - 4  M for 15 min or  longer  p roduced  progressive cell lysis. 

The suscept ibi l i ty  o f  3T3 cells to a g ~ u t i n a t i o n  by  c o n c a n a v ~ i n  A was f imilar ly 
enhanced by incubat ion  with t e t r a c ~ n e  (5 .  10 - 4  M )  or  procaine  (5 .  10 3 M)  (re- 
sults not  shown).  

In cont ras t  to the marked  reduct ion  in the dose o f  c o n c a n a v ~ i n  A required to 
induce agglu t ina t ion  o f  d i b u c ~ n e 4 r e a ~ d  un t rans fo rmed  cells, exposure  o f  t rans-  
formed cells to d i b u c ~ n e  did not  ~ t e r  their  concanaval in  A agglu t ina t ion  response 
(Table  I ). 

C e ~ n  effects o f  local anesthet ics  on membranes  are believed to result f rom 
their abi l i ty  to displace m e m b r a n e - b o u n d  Ca 2 ÷ a s s o d a t e d  with the anionic  groups  of  
acidic phosphol ip ids  [35, 36]. M o r e o v e ~  the effects of  local anesthet ics  on mem- 
branes can be r eve~ed  by increasing the Ca 2+ concen t ra t ion  [35, 36]. Similarly,  in- 
cuba t ion  of  3T3 cells in medium supplemented  with d ibucaine  (1 • 10 - 4  M )  plus 
add i t ion~  Ca 2÷ (5 or  10 m M  CaC12) effectively inhibi ted d i b u c ~ n e - i n d u c e d  changes 
in cell ag~u t inab i l i t y  ( T a b ~  I). The act ion o f  d i b u c ~ n e  in e n h a n d n g  concanaval in  A 
a g ~ u t i n a t i o n  of  un t rans fo rmed  cells was also rapidly  reversed on re turning cells to 
flesh medium wi thout  d ibuc~ne .  

The enhanced agglu t ina t ion  of  d i b u c ~ n e - ~ e a t e d  cells by low doses of  con- 
c a n a v ~ i n  A was accompan ied  by r ed i~ f ibu f ion  of  concanava l in  A receptors  on the 
cell surface (Table  !1), s imilar  to that  descr ibed p rev iou~y  in c o n c a n a v ~ i n  A-medi -  
ated agglu t ina t ion  o f  v i r u ~ a n s f o r m e d  cells [12-15] and t rypsinized unf fansformed 
cells [7, 8]. 
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TABLE II 

THE EFFECT OF DIBUCAINE ON CONCANAVALIN A BINDING, D I S T R I B U ~ O N  OF 
SURFACE CONCANAVALIN A BINDING SITES AND AGGLUTINATION OF MOUSE 
3T3 CELLS BY CONCANAVAMN N' 

T ~ m e m  Specific binding Cell 
of ~H]Con A a g ~ M n  
(cpm per I0 v cells)" by Con A ~ 

Umre~ed control 4635 0 

Dibuc~ne 4387 , ~ ~ , 
(I  • 10  - 4  M )  ~ 

Dibuc~ne 4918 0 
(1 • 10 -~ M) and 
~maraldehyde 
p r e f i x ~  

Dibuc~ne 4717 0/ ~ 
(1 • 1 0  - ~  M )  

plus CaCI2 (10 mM) ~ 

D ~ f i b m ~ n  of cell 
sur~ce Con A 
binding sites ~ 

u ~ r m  patches 
_ _ _ 

_ 

~ Mean values derived from ~ u r  separa~ experimem~ 
~ Binding of 3Hqabded concanav~in A after 30 rain at 0 ~C ~ 0  p ~ )  and cell a g ~ m ~ m ~ n  

by concanavalin A ~00 # ~ m O  ~ room ~mper~u re  ~ r  20 rain measu~d as oml~ed  in t ~  m ~ h o ~ .  
~ D ~ e r ~ n e d  by ind~ect immunofluorescence as described in the m~hods.  ~t- > 75 ~ of 

cells examined show the specified pattern of s ~ c ~ c  immunofluorescence ~ n ~  The ~ e c ~ c ~ y  
of t ~  ~ n g  ~ a ~ o n  was confirmed ~ ~ n  by 0.25 M ~ - m ~ h ~ m a n n o s ~ e  and ~ o ~ n  
of concanav~in A from the ~ c u b ~ n  m k t u r ~  

~ Cells were ~ c u b ~ e d  ~ s u ~ e n ~ o n  ~ serum-~ee m e . u r n  ~ r  30 min at 37 °C and then assayed 
~ r  c o n c a n a v ~  A ~ u t i n a ~ f i ~  capacity to bind ZHqabded concanavahn A and ~ r i b m ~ n  of 
c o n c a n a v ~  A ~ n ~ n g  sRes. 

~ Cells incub~ed in d ~ u c ~ n ~ s u p ~ e m e n t e d  culture medium ~ r  30 rain at 37 °C and then 
fixed with 2.5 ~ ~ m a r ~ h y d e  ~ r  15 min at room ~mper~u re  be~re  ~ i n g  ~ r  a g ~ m ~ a ~ l R ~  
binding of 3Hqabe~d c o n c a n a v ~  A and ~ f i b ~ n  of concanavalin A binding sites. 

F i x a t i o n  o f  d i b u c N n ~ e a t e d  cells w i t h  N u t a r a l d e h y d e  b e f o r e  a d d i t i o n  o f  

c o n c a n a v N i n  A p r e v e n t e d  t h e  f o r m a t i o n  o f  p a t c h e s  o f  c o n c a n a v N i n  A r e c e p t o r s  

( T a b ~  l l )  i n d i c a t i n g  t h a t  t he  r e c e p t o r s  h a d  b e e n  f ixed in a ~ s p e ~ e d  d i ~ f i b u t i o n  n o t  

i n v N ~ n g  large  pa t ches .  G l u t a r M d e h y d e  p r e f i x a t i o n  N s o  i n h i N ~ d  the  a g N u t i n a t i o n  o f  
d i b u c a i n e - t r e a t e d  cells ( T a b ~  II) .  T h e s e  r e s ~  s u g g e s t  t h a t  d i b u c N n e  p e r  se does  n o t  

i n d u c e  r e d i ~ f i b u f i o n  o f  c o n c a n a v N i n  A r e c e p t o r s  to  f o r m  p a t c h e s  b u t  f a c i l k a t e s  

r e ~ s t r i b u t i o n  o f  t h e  r e c e p t o r s  o n c e  c o n c a n a v a l i n  A h a s  b o u n d  to  the  cell su r face .  
M e a s u r e m e n t s  o f  the  b i n d i n g  o f  3 H - l a b e l e d  c o n c a n a v N i n  A r e v e a ~ d  t h a t  

i n ,  e a s e d  a g ~ u t i n a b i l i t y  o f  d i b u c a i n e - t r e a t e d  cells does  n o t  r e s u k  ~ o m  c h a n g e s  in 

the  n u m b e r  o f  c o n c a n a v M i n  A r e c e p t o r s  e x p o s e d  o n  the  c d l  su r f ace  ( T a N e  II) .  

The q.ffect o f  local anestheHcs on membrane structure 
U R r a s t r u c t u r a l  o b s e r v a t i o n s  o n  t he  s u r f ace  a r c h ~ e c t u r e  o f  f r e e z e - f r a c t u r e d  

3T3 ceils revea l s  a r a n d o m  d i s t 6 b u f i o n  o f  i n t r a m e m b r a n o u s  p a ~ i ~ e s ,  t he  m a j o r i t y  

o f  w h i c h  a re  s ingle  (Fig .  2 A  a n d  T a b l e  I l l ) .  H o w e v e r ,  in 3T3 cells i n c u b a t e d  w i t h  
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Fig. 2. F m e z ~ a ~ u r e  electron m ~ r o g r a p h s  of  the s u r ~ c e  of  mouse 3T3 cells (A ~ce) .  Bar = 0.1 
pro. (A) A ~ a  of  u n t ~ a t e d  control  3T3 cell s u r ~ c e  showing p r e d o m ~ a n t  monogranu la r  d i s t f i b m ~ n  
o f i n ~ a m e m b r a n o u s p a ~  (B) A ~ a o f 3 T 3 c e l l s u r ~ c e a f e r i n c u b m ~ n f o r l  h a t 3 7 ° C i n ~ r u m -  
~ec medium s u p ~ e m e m e d  with 1 • 10 a M ~ b u c ~ n e  showing increased d u ~ e ~ n g  o f i m r a m e m b r ~  
nous p a ~  (C) A ~ a  of  3T3 cell s u r ~ c e  after i n c u b m ~ n  for I h at  37 ¢C in ~ rum-f fee  medium 
supNememcd  with I - 10 -4  M dibucaine f o l ~ w e d  by i n c u b m ~ n  with c o n c a n a v ~ i n  A ( 5 0 0 ~ m l )  
~ r  15 rain at 37 °C showed marked c l u ~ e ~ n g  o f i ~ m e m b r a n o u s  p a ~ s  to form numerous  large 
patches, 
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TABLE I11 

THE EFFECT OF ~BUCMNE AND CONCANAVA~N A ON THE DENSITY AND DISTRI- 
BUTION OF INTRAMEMBRANOUS PARTICLES ON FREEZ~FRACTURED 3T3 CELL 
PLASMA MEMBRANES 

T~atment Number of Single ~ Clu~er~ Clus~r~ 
imramem~anous ~ 5 • 5 
p a ~ s  p a ~ s  particles 
per ~m 2 ~" ~ 

Umre~ed control 510~53 47.2 38.9 13.9 
D~ucNn~ 491 ±42 23.5 47.1 29.4 
D~ucNne+Con A ~ 527 a65 22.6 32.2 45.2 

~ _ .  

"Mean values derived #om counts of in~amem~anous pa~k~s in 0. l lcm ~ areas on electron- 
ph~om~ro~ap~ of the A ~a~ure ~ce of 3T3 cells at a m a g ~ f i c ~ n  of 100 000 and counts on at 
least 15 ~ d ~ M  cells. 

~ Particle dim~B~ns were 85±5A ~tandard error of the mean) irrespective of whmher the 
patches were d ~ f b ~  singly or witNn c ~ s ~ .  

~ P e r c e n ~  of the total number of imramem~anous p a ~  
a I • 10 -~ M dibucaine ~r  I h at 37 ~C. 
~ I • 10 ~ M ~ c a i n e ~ r  I h at 37 ~ w e d  by additionof500#~mlconcanavalinA and 

~ h e r  incubm~n at 37 C ~ r  15 rain. 

1 • 10 -4  M dibucNne for 60 min at 37 °C the p a ~ l e  d i~f ibu t ion  is altered, and 
numerous  small clusters of particles are present (Fig. 2B and Table III). In  cells in- 
cubated for similar periods with d ibucNne and then exposed to concanaval in  A (500 
gg/ml) for 10 rain at 37 °C this red i~f ibu t ion  of pa~ ides  is even more marked (Fig. 
2C) and more than 75 ~ of the particles are d u ~ e r e d  ( T a b ~  Ill ). 

These results indicate that d ibucNne induces a change in the ~ ruc tu ra l  organi- 
zation of the plasma membrane  of 3T3 cHls whkh  permi~ spontaneous  red i~f ibuf ion  
of in t ramembranous  pa~ ides  into small d u p e r s  (Fig. 2B). Extensive red i~r ibu t ion  of 
in t ramembranous  particles to form large clusters is seen only after b inding of multi-  
vNent concanavMin A mo~cules  to the cell surface (Fig. 2C). These results are in full 
agreement with the immunofluorescence data presented above. 

Work in other labora tor~s  ~8 -40 ]  has demons~a ted  that the d~t f ibuf ion  of 
lectin recepto~ on the outer face of the plasma membrane  corresponds closely to the 
distribution of in t r amembranous  pa~ ides  revealed within the hydrophobic  core of 
the membrane  by ~eeze-~acture.  Thus, the marked d u ~ e ~ n g  of in t r amembranous  
pa~ ides  on d ibucNne-~eated  cells induced by concanaval in  A shown in Fig. 2C 
probably corresponds to the "pa tche~ '  of  specific concanaval in  A immunof luo re~  
cence detected at the light microscop~ level on d ibucNne-~eated  cells exposed to 
concanavMin A (Table II). 

fluorescence p o ~ r ~ a t ~ n  measuremen~ on cel~ treated n4th ~cal  anesthetics: 
¢{feet o f  anes~etics on membrane flMdity 

M e a s u ~ m e n ~  on the behavior of the fluorescence probe d i p h e n ~ h e x ~ f i e n e  
(DPH)  in d ibucMneArea~d 3T3 cells and untreated control 3T3 cells are summarized 
in Table IV. The results indicate that  incubat ion  of cells with ~buc Mne  for 1 h at 
37 °C caused little change in the absolute values of DPH pOarizat ion compared with 
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T A B L E  IV 

T H E  E F F E C T  OF D I B U C A I N E  ON D I P H E N Y L H E X A T R I E N E  R O T A T I O N  IN 3T3 CELL 
M E M B R A N E S  AT 2 5 ° C  ~ 

T ~ a t m e m  Concemra tMn P M a f i z ~ n  Dipheny lhex~f iene  

( M ) L i ~ t i me  ~ Rm~n- --rate ~ 

(ns) ( M H z )  

Umre~ed  control  0.239 9,0 2 I 
D ibuc~ne  1. 10 -4  0.238 8.0 23 
D i b u c ~ n e  2 - I 0 -  4 0.238 7.3 26 

" Mean values derived ~ o m  at least two separate  experiments  for each t rea tmenu  Maximum 
d e ~ a t i o n  ~ o m  the mean did not exceed 4.5 ~ for any of  the ~ a t e d  values w~hin  each experimental  

group.  
b Apparen t  lifetime was calculated on the basis that  all  quenching shortens the lifetime by an 

a m o u n t  p ropo~ iona l  to the in ten~ty  loss. The lifetime for diphenylhexatf iene embedded in a mem- 
brane at 25 ~C was e ~ i m a t e d  as 9.0 ns using the data  of  Shini tzky and B a r e n h o k  ~8] .  

~ Ca~u la t ed  by methods  described in the accompanying  paper  ~3].  

that in untreated control cells. However, a substantial quenching effect was observed 
in dibucaine-treated samples. If this quenching is assumed to be entirely dynamic, as 
documented for DPH in dibucaineqreated lipid vesicles [23], then the "apparent"  
lifetime of the DPH probe is actually decreased in dibucaine-treated cells (Table IV) 
and the probe rotation rate is increased (Tabk 1V). These results are therefore con- 
sistent with the interpretation that dibucaine increases the fluidity of areas within the 
lipid bilayer monitored by the DPH probe. 

80 

E 60 
_ 

~ .o 

20 

~ ,~ ~ ~ ~ ~ ~ L 
~ ~ 

Fig. 3. The effeO o f ~ m p e r a t u r e  on a g ~ u t i n a t i o n  of  3T3 cells by concanaval in  A. 3T3 cells ( ~  ~ )  
and  3T3 cells pretreated with 2 • 10 - 4  M d i b u c ~ n e  for 20 min at 37 °C (O - O )  were incubated at 
the i n d i c t e d  ~mpe ra tu r e s  for 20 rain with 1400 and 350~g /ml  c o n c a n a v ~ i n  A, respect~ely.  The 
p r o p o ~ i o n  of  the call popula t ion  a g ~ u t i n a t e d  by c o n c a n a v ~ i n  A was then d ~ e r m ~ e d  at the same 
t empe ra tu r~  
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The ~ffOct of local anesthe~cs on the temperature-dependence of ceg ayglutinat~n 
by concanavaHn A 

M e a s u r e m e n ~  o f  the t empera ture -dependence  of  concanava l in  A-media ted  
agglu t ina t ion  of  d ibuca ine- t rea ted  3T3 cells indicate  that  despite a significant increase 
in their  agNuf inab i lR~  the t empera ture -dependence  of  the agglu t ina t ion  react ion is 
identical  to that  o f  unt rea ted  cont ro l  cdN ( F i ~  3). The general  features of  the t e m p e ~  
a ture-dependence  o f  the cencanavMin A agNut ina t ion  response shown in Fig. 3 
agree with previous observat ions  on mouse LM [42] and 3T3 cells [43]. 

Effect of ~cal anesthetics on the mpograph~al con~ol of concanava#n A b~ding 
sites on the cell surface 

Reports  ~ o m  several l a b o r a t o 6 e s  indicate that  the m o ~ l i ~  of  c o n c a n a v ~  A 
~ c e p t o r s  dur ing fo rmat ion  of  "pa tches"  or "cap~" o f  r e c e p t o ~  on the cell surface is 
~ g ~ a t e d  by pe f iphe r~  membrane  p r o ~ i n s  a s s o d a ~ d  with the inner ~ c e  of  the 
~ a s m a  membrane  ~ 4  52]. Trea tment  of  cells with c~ch ic ine  and other  a l k ~ d s  
such as ~ncf i s t ine  and ~ n ~ a s f i n e  has been shown to inhibi t  spon taneous  aggluti-  
na t ion of  cells by c o n c a n a v ~ i n  A ~9,  53]. These ~ k ~ d s  ~ s o  influence the abi l i ty  of  
mul f iv~en t  l igands to induce r ed i~ f ibuf ion  o f  cell s u r ~ c e  receptors  to form caps 
~6 -48 ,  54-56]. These observat ions  have p r o m p t e d  the sugge~ion  that  the mobi l i f f  
of  concanaval in  A receptors  is regulated by m e m b r a n ~ a s s o d a ~ d  ' ~ c ~ n ~ s e n -  
f i t ive" p r o ~ i n s  that  p r o b a b l y  c o ~ e s p o n d  to m ~ r o t u b u ~ s .  

In agreement  with these previous findings, incubat ion  o f  SV3T3 cells with 
c o l c ~ n e  for 60 rain at  37 °C i n ~ d  their  subsequent  ~g~uf inaf ion  by conca-  
naval in A (Table V). Similar  i n a c t i o n  of  spontaneous  a g ~ u t i n a t i o n  SV3T3 cells by 
concanaval in  A was produced  by p r~ncuba t ion  with the Vinca ~ k ~ d ,  ¼ n b l a s t ~ e  
(Table V). However ,  l u m i c ~ c ~ d n e ,  a ~ r u c t u r ~  isomer of  c ~ c ~ d n e  that  does not 
bind to  m i c r o t u b ~ e  proteins  ~4] ,  had no effect on c o n c a n a v ~ i n  A a g~u t ina t i on  of  
SV3T3 cells at concentra t ions  c o m p a r a ~ e  to those used with c O c ~ n e  ( T a ~ e  V). 

In conWa~,  the increased c o n c a n a v ~ i n  A ag~u t ina t i on  response displayed by 

TABLE V 

THE EFFECT OF C O L C H t ~ N ~  VINBLASTINE AND LUMICOLCHICINE ON THE AG- 
G L U ~ N A ~ O N  OF SV3T3 CELLS BY CONCANAVAMN A" 

T~Nm~3t C o n ~ n t r ~ n  Cell agNminm~n 
( M ) by Con A b 

Un~e~ed control + ! • ! 
COchicinU 10 ° ! 
V ~ N a ~ U  10 -s - 
k u m ~ c h ~  10 ~ ~ + ~ 4  

" Mean vMues ~om three separme expe~mem~ 

Specific binding 
of [3H]Con A 
(cpm per 107 cells) b 

4933 
4495 
4860 
4736 

b Binding of 3Hdabe~d concanavMin A (50~g/ml) at 0 °C and cell ag~ut~ation by conca- 
navM~ A (150 pg/ml) at room ~mpermure were measured as described in the methods. 

c Cells were incubated in serum-flee culture medium sup~emented with the l~ted compounds 
for I h at 37 °C and then washed three times in phosphme-bnffered saline before final incubation 
with concanavMin A to d~ermine ag~utinability. 
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TABLE VI 

THE EFFECT OF C O L C H I C I N ~  VINBLASTINE AND LUMICOLCHICINE ON CONCA- 
NAVALIN A A G G L U T I N A ~ O N  OF 3T3 AND SV3T3 CELLS PRETREATED WITH 
DIBUCAINE" 

_ 

TreNment Cell a g N ~ n  
by Con A 

3T3 b SV3T3 ~ 

Umrea~d  co~rol  0 + + + ÷ 

DibucNne (2- 10 -4 M) ¢ ~ + ? ? ~ t t ~ 

DibucNne (2 . 10 -4 M) -~ + + +  + ~  ~ i 
and co~h~ine  (I • 10 -6 M) r 

DibucNne (2. 10 -4  M) ~ 4 + +  + ~! + -  
and ~ n N a ~ e  (1 • 10 -s  M) r 

Dibuc~ne ~ "  10 -~ M) i t + +  ~ 4  + : 
and ~ m ~ M c h ~ e  (I • 10 -6 M) r 

Dibuc~ne (2. 10 -~ M) ~ - +  ! ~ ~ + + - -  
plus colchicine (I . 10 ~ M) 
and ~nNast ine  (I • 10 -s  M) ~ 

_ _  

Specific binding 
of [3H]Con A 
(cpm per 107 cells) ~ 

3T3 SV3T3 

4664 4873 

4795 4581 

4416 4825 

4907 481 I 

4772 4938 

4964 4588 

" Mean values de~ved ~om three separate expefiment~ 
u AgNutination by 350Hg/ml concanavahn A at room mmper~ure a~er 20 min. 
~ AgNut ina t~n  by 150 #g/ml concanavalin A at room ~mperature a~er 20 rain. 
a Binding of aH-Nbeled concanav~in A (50pg/ml) a~er incubat~n for 30 min at 0 °C. 
~ Incubated with dibucNne for 30 rain at 37 °C in serum-~ee medium. 
r Incubated with dibucNne for 30 min at 37 °C in serum-Dee medium followed by incubat~n 

in ~esh serum-Dee medium supNemented with the listed M k a ~ s  and dibucMne for l h at 37 ~C. 

N b u c M n b ~ e a t e d  3T3 cNls  was  n o t  i n N b R e d  b y  e i t h e r  c o l c N d n e  o r  ~ n N a s f i n e  

( T a b l e  V I ) .  S i m f l a f l ~  i n c u b a t i o n  o f  w a n s f o r m e d  S V 3 T 3  cells w i t h  d i b u c M n e  b e f o r e  

~ e a t m e n t  w i t h  c d c N d n e  o r  ~ n b l a s f i n e  p r e v e n t e d  t he  i n N N t o r y  effect  o f  t he se  al-  

ka lo id s  o n  s u b s e q u e n t  cell a g N u t i n a f i o n  by  c o n c a n a v M i a  A ( T a b ~  Vl ) .  T h e  f a i l u re  o f  

c d c N d n e  to  i n h i b i t  c o n c a n a v M i n  A a g ~ u t i n a t i o n  o f  N b u c M n ~ e a ~ d  3T3 a n d  

S V 3 T 3  cells  d i d  n o t  resuR,  h o w e v e ~  f r o m  a n e s t h e t m i n d u c e d  M ~ r a f i o n s  in the  b in -  

d i n g  o f  ~ H ~ o l c N d n e  to  cells ( n o t  s h o w n ) .  C o m b i n e d  ~ e a t m e n t  o f  cells w i t h  col-  

ch i c ine  a n d  ~ n b l a s f i n e  a ~ e r  i M t M  i n c u b a t i o n  w i t h  d i b u c M n e  a l so  fa i led  to  a l t e r  

e i t h e r  cell a g N u t i n a t i o n  o r  b i n d i n g  o f  a l l - l a b e l e d  c o n c a n a v a l i n  A ( T a b l e  V I ) .  

T h e s e  r e s u l ~  i n d i c a t e  t h a t  d i b u c M n e  M ~  the  r e s p o n s N e n e ~  o f  c o n c a n a v M i n  

A - m e d i a t e d  cell a g N u t i n a t i o n  to  m i c r o t u b M a r  d i ~ u p t N e  d rugs .  T h e  u n r e s p o n s i v e n e s s  

o f  N b u c M n e ~ r e a t e d  cells to  t he se  d r u g s  sugges t s  t h a t  d i b u c a i n e  a l t e r s  t he  f u n ~ i o n M  

s ta te  o f  t he  ' ~ d c N d n b s e n s i t i v g '  p e r i p h e r a l  p r o ~ i n s  a ~ o d a ~ d  w i t h  t he  p l a s m a  

m e m b r a n e  w h i c h  h a v e  been  p r o p o s e d  to  a c t  as " a n c h o r s "  in  r e s t r i c t i n g  t he  m o v e m e n t  

o f  i n t ~ n ~ c  m e m b r a n e  p r o m i n s  c a r r y i n g  lecf in  r e c e p t o r s  (see r e g  46, 50, 51). T h u s ,  

c o l c h i d n e  a n d  N b u c M n e  m a y  b o t h  be a c ~ n g  o n  a c o m m o n  t a r g e t  p r o t e i n ,  t h o u g h  n o t  

n e c e ~ a ~ l y  v ia  t he  s a m e  m e c h a n i s m .  IL h o w e v e r ,  b o t h  c d c N d n e  a n d  d i b u c M n e  a re  
c o n M d e r e d  as  M i n t i n g  t he  a c t i ~ t y  o f  p e f i p h e r M  m e m b r a n e  p r o ~ i n s  t h a t  n o r m a l l y  

r e s t r i c t  l ec t in  r e c e p t o r  m o N l i t y ,  t h e n  it b e c o m e s  n e c e s s a r y  to  e x p l a i n  w h y  c d c h i c i n e  
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i n N N ~  cell agNutination by concanavMin A while NbucMne enhances this process. 
URra~ru~ural observations [51] have shown that weatment of SV3T3 cells 

with cNcNdne  does not al~r the random N ~ b u t i o n  of concanava~n A binding 
sites on the cell surface. Howeve~ exposure of cokhidne-treated cells to concanavMin 
A results in the formation of a sinNe massive cap4ike aggregate of concanavMin A 
receptors in the center of the cell. As Ukena et M. [5t] pointed out, this distribution 
would substantiMly reduce the probabilRy of cell-to-call contact in areas contMMng 
concanavMin A receptor, and thus limit the oppo~unity for linkage between dus~red 
concanavMin A receptors on adjacent cells required for agNutination. 

The formation of sinNe large caps of concanavMin A receptors [56] and other 
cell surface receptors [54, 56] appears to involve m~rofilamen~, since capping is in- 
hibited by the drug cytochMasin B which spedficM~ disrupts microfihments. Since 
c ~  treated with cNcNdne  and concanavalin A disNay a ~ n ~ e  cap of receptor, it is 
not un~asonaNe to suggest that the microfihment sys~m is still funcfionM in these 
cells. In contrasL the lack of capping of concanavMin A receptors on dibucMne- 
treated cells exposed to concanavMin A suggests that dibucMne may inNNt not only 
cNcNdn~sen~f ive  peripheral membrane elemen~ but also cytochMasin-sensitive 
m~rofilaments. Thus Weatment of cells with dibucMne by impMfing the colcNdne-  
sen~tive pe~pheral pro~ins that act as "anchor~' for concanavMin A receptors would 
facilRate concanavMin A-induced red~tfibufion of its receptor~ while the simulta- 
neous action of NbucMne to inhibR contractile microfilamen~ woMd prevent redi~fi- 
bution of the ~ceptors into a single cap. 

If dibucMne inhibits both cNcNdne~enMtive and cytochMasin-sensitNe peri- 
pheral pro~ins then it should be possible to duplkate the action of dibucaine by ex- 
posing cells Mm~taneously to cytochMasin B and colcNdne. 

T A B L E  V I I  

T H E  E F F E C T  O F  C O L C H I C I N E  A N D  C Y T O C H A L A ~ N  B O N  A G G L U ~ N A ~ O N  O F  

3T3  C E L L S  BY C O N C A N A V A M N  A 

T ~ m e n t  C o ~ e m r ~ n  

I. U n t r e ~ e d  control 

2. C y t o c h M a ~ n  B ~ 5 pg/ml 

3. C ~ o c h M a ~ n  B b 2 0 p g , ' m l  

4. C ~ c h ~ i n e  plus l - 10 - ~  M 
cytochMasin B ~ 5 #g/ml  

5. C M c N N n e  p lus  I - 10 ~ M 
cytochMaMn B 5 ~g/ml  
plus dibucaine a 2 . 10 ~ M 

Concentrmion o f  Con A ( p ~ m l )  

for ma x imu m cell a g N u t ~ a t i o n "  

1400 

1400  

1400 

475 

350 
_ 

J > 90  ~/~, cell a g ~ u t ~ a t i o n  by the stated concentra t~n  o f  concanavalin A a~er  i n c u b a t ~ n  at 
room ~ m p e r a t u ~  for 20 rain. 

h I h at 3 7 ~ C .  

" 1 h at 37 ~C. 
a Cells incuba~d  for 1 h at 37 ~C in medium c o n t ~ n g  c o l c h ~ e  and cy toch~as in  a~er  

which dibucaine c o n t ~ n i n g  s e r u m ~ e  medium was added and the sample in cu b ~ed  for a fu~her  
30 min at 37 C.  
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As shown in Table  VII ,  incuba t ion  of  3T3 cells with bo th  co lch i~ne  and cyto-  
chalasin B enhances  their  susceptibi l i ty  to a g ~ u t i n a t i o n  by concanava l in  A wi thout  
a l ter ing the capaci ty  of  cells to bind 3H-labeled concanavaf in  A. 

A l though  the increase in concanavahn  A agglut inabi l i ty  in cells t rea ted  with 
both colchicine and c y t o c h ~ a s i n  B, is not  as great  as that  caused by dibucaine  a lone 
(Table I), fur ther  exper iments  in which 3T3 calls were incubated  in medium conta in ing  
co lch i~ne  and cytochalas in  B and then with d ibucaine  before final exposure  to con- 
canaval in  A revealed that  d i b u c ~ n e  p roduced  an addi t iona l  small  increase in cel lular  
ag~uf inab i l i t y  ( T a b ~  VII ) .  The effect o f  d i b u c ~ n e  was not  addit ive,  howeve~ sug- 
gesting that  its p r i m a r y  ac t ion  in enhancing  cell agglu t ina t ion  p robab ly  results f rom 
its act ion on m ~ r o t u b u l e s  and m~ro f i l amen t~  The addi t iona l  increase in cell agglu- 
t inabi l i ty  found in cells t reated with c o ~ h i ~ n ~  c y t o c h ~ a s i n  B and d i b u c ~ n e  com- 
pared  with jus t  co lch i~ne  and cy tocha la f in  B might  result f rom the addi t iona l  ac t ion 
of  d i b u c ~ n e  in increasing the fluidity of  membrane  l ipids as discussed earlier.  

F u ~ h e r  suppor t  for the c o n d u f i o n  tha t  d i b u c ~ n e  acts on cytochalas in-sensi-  
t i re  m~rof i l aments ,  as well as on co~h i~ne- senf i t ive  proteins,  was provided  by the 
finding that  ~ e a t m e n t  of  SV3T3 cells with d i b u c ~ n e  reversed the inhibi t ion o f  con- 
canavMin A a g ~ u t i n a t i o n  by c o , h i , h e  ( T a b ~  VIII  ). A similar  reversal of  co lch idne -  
induced inhibi t ion of  a g ~ u t i n a t i o n  was p roduced  by cytochalaf in  B ( T a b ~  VIII  ). 

TABLE VIII 

EFFECT OF DIBUCAINE AND CYTOCHALA~N B ON C O L C H ~ I N ~ D U C E D  INHIBI- 
TION OF CONCANAVA~N A A G G L U ~ N A ~ O N  OF SV3T3 CELLS 
. . . . . . . .  

Treatment C o n c e p t i o n  Cell a g ~ i n ~ n  by Con A ~ 

Umreamd control 

C o ~ h ~  

C ~ n e  plus 
dibuc~n& 

COch~ine plus 
c~och~asin B ~ 

- -  

I 10  6 M  

I 10  - 6  M 
2 10 -~ M 

1 10 - ~  M 
5 / ~ m l  

~' Ag~utination by 150 pg/ml concanav~in A at room temperature a~er 20 rain. 
~ I hat  37°C. 
¢ Cells incubated in co~h~ine-containing medium for I h at 37 ~C followed by incubation in 

dibucaine-containing medium for 30 rain at 37 °C. 
d Cells incubated in co,hi,he-containing medium for 1 h at 37 "C followed by incubation for 

I h at 37 °C in medium supp~mented with cytoch~asin B. 

DISCUS~ON 

E{Tect of  dibucaine on membrane fluidity 
The present  exper iments  have shown tha t  ~ e a t m e n t  of  un t rans formed  cells 

with ter t iary  amine  local anesthetics enhances  their  suscept i~f i ty  to a g ~ u t i n a t i o n  by 
c o n c a n a v ~ i n  A. This a g ~ u t i n a f i o n  o f  anes thet ic- t rea ted  cells is a c c o m p a ~ e d  by redis- 
t r b u t i o n  of  lecfin receptors  on  the cell surface s imilar  to that  descr ibed p r e ¼ o u s ~  in 
concanava l in  A-med ia t ed  a g ~ u t i n a t i o n  o f  cells i n~c ted  with oncogenic  [1, 2, 7, 141 
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and nononcogenic viruses [8, 27] and in untransformed cells a~er brief trypsi~zation 
[1, 2, 7, 8]. lmmunofluorescence and ~eeze-~acture data desc6bed here indicates 
that anesthetics per se do not induce extensive clustering of lecfin receptors into large 
patches. Instead, these drugs modify the plasma membrane so that the formation of 
patches of receptors is t~dfimted following binding of multiv~ent concanav~in A 
molecu~s to the cell surface. Fu~her evidence that anesthetics do not directly induce 
patches of concanavalin A receptors is provided by the finding that ~utaraldehyde 
fixation of ane~heticAreated cells before exposure to concanav~in A inhiNted sub- 
sequent agglutination and the clustering of concanav~in A receptors ind~ating that 
the receptors had been fixed in a dgtfibution not invol~ng large patches. 

Dibuc~ne does, however, induce small clusters of intramembranous particles 
(Fig. 28). This may reflect increased random movement of the particles as a result of 
dibuc~neqnduced ~terations in general membrane fluidity (vide inDa). This situ- 
ation may be an~ogous to the formation of particle clusters of similar size in lym- 
phocytes incubated with 25 50 ~ glycerol l~r 2 h [58]. 

As ou~ined in the introduction, several investigators have proposed [16 22J 
that the higher susceptiNlity of ~ansformed cells to concanavalin A agglutination 
compared with un~ansformed cells results ~om a more "fluid" lipid matrix in the 
plasma membrane of these cells which fadlitates la~ral mobility of concanavalin A 
recepto~ and their redi~fibution to form patches a~er binding of concanav~in A to 
the cell surface. However, definitive evidence to support this proposal is still lacking. 

The present fluorescence polarization measurements indicate that dibuc~ne 
causes a small but significant increase in the fluidity of the lipid en~ronment  in the 
vicinity of the diphenylhexatfiene probe. It is not known, however, whether this con- 
sists of a sm~l change in the "'bulk'" lipid mat~x of membranes or reflects a much 
larger fluidity change occur6ng in specific regions of the membrane. At dibucaine 
concentrations (1 • ~0-~-5 • l0 -~ M) that induce ~terations in cellular ag~utination 
our studies on model membranes reported in the preceding paper ~3] have shown 
that the " f lu id i~nj '  effect is confined to acidic phospholipids. This efl}ct was even 
mo~e marked in acidic phospholi~d membranes that had been previou~y ~abil~ed 
by Ca ~+ [23J, indicating that an increase in fluidity would also resuR #om displace- 
ment of membrane-bound Ca z+ by dibuc~ne. It is perhaps reasonable to suggest 
therefore that in intact cells dibuc~ne (<  5- 10 -~ M) could induce changes in the 
fluidity of dom~ns of acidic phospholipids within the plasma membrane without sig- 
nificant change in the fluidity of the bulk membrane lipids. Although such specific 
domains have yet to be formally demon~rated in natural membranes, expefimems 
with mixed lipid bilayers indicate that Ca ~+ induces segregation of acidic and neutral 
phospholipids into separate domains ~9, 59]. 

Effect of  dibucaine on peripheral membrane proteins 
The change in membrane fluidity induced by dibucaine in intact cells is not 

suffident, howeve~ to alter the temperature-dependence of the concanavalin A ag- 
glutination reaction (Fig. 3). This observation assumes impo~ance in view of recent 
work by Horwitz et al. [43] which has shown that incorporation of unsaturated fatty 
acids in the membranes of cultured cells, which would be expec~d to increase the 
fluidity of  the lipid membrane matrix, produced a significant reduction in the tempe~ 
ature at which concanav~in A agglutination began but the dose of concanav~in A 
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required to produce cell agNutination was unchanged. This suggests that the striking 
enhancement of  cell agglutination and reduction in the dose of concanavalin A re- 
quired to achieve agglutination in dibucaine-treated cells may not result p~marily 
from changes in fluidity of the bulk membrane lipid. Instead, the effect of dibucNne 
may reflect a combined action on both the fluidity of specific membrane fipid domains 
and on other membrane componen6 that influence the function of concanavNin A 
receptors. For example, the present work indicateslthat dibucaine affects the functional 
properties of pe6pheral membrane proteins involved in regulating the topography of 
[ectin receptors on the cell surface. 

The present experiments have confirmed that colchiNne and Vinca Nkaloids 
inhibit concanavMin A agNutination of ~ansformed cells. In contrast, concanavalin 
A-mediated agglutination of dibucNneAreated untransformed cells is not sen~tive to 
these alkaloids. We interpret this as indicating that dibucNne causes functional dis- 
location of the colchiNne-sen~tive protNns a~oNated with the plasma membrane. 
I~ as suggested [46, 50], these colchidne sensitive ~emen~ act as "anchor~'  to re- 
strict concanavalin A receptor movemenL then functional dislocation of these e~ments 
by dibucNne should enhance receptor mobility and favor redi~fibution of concana- 
valin A receptors after binding of concanavalin A mo~cules to the cell surface. The 
present results are consistent with this interpretation. 

Based on this scheme, inactivation of these pe6pheral proteins by colchidne 
or ~nblasfine, though not necessadly by the same mechanism as dibucNne, would 
also be expected to enhance concanavalin A receptor mobility and cellular suscept~ 
bility to concanavalin A agglutination. HoweveL as reported previously [49, 51, 53], 
and confirmed here, colchiNne inhibits concanavalin A agNutination. An explanation 
for this apparent paradox can be offered using the observation by Ukena et al. [51 ] 
that colchicine treatment does enhance concanavalin A receptor redi~fibution but, 
unlike dibucNne-~eated cells in which concanavalin A produces several large patches 
of concanavMin A receptors, concanavalin A induces a single large "cap-likC' aggre- 
gate of lecfin receptors. This latter di~fibution would substantially reduce the possi- 
bility of contact between cells in areas containing concanavalin A receptors necessary 
to initiate the ag~utination. Di~ribution of receptors into numerous large patches 
distributed over the entire cell surface, as in dibucaine4reated cells, would be much 
mo~e effiNent in promoting agNutination. 

The formation of caps of lecfin binding sites [56] and other cell surface re- 
ceptors [54, 56] has been shown to involve ~ructurM ~ements sen~five to cytocha- 
lasin B, a drug that is believed to disrupt microfilaments [61 ]. M~rofilaments are not 
affected by either colchidne or the Vinca alkaloid~ Thus, colchiNne ~eatment would 
increase the mobility of concanavalin A receptors by inhibiting the '~anchoff' function 
of cNchiNne~ensitive peripheral proteins but the resulting "unanchored" receptors 
may still be linked to a functional m~rofilament sy~em. The latter, in the absence of 
the opposing anchor function, would be dominant a~d r e d i ~ b u t e  lectin receptors 
into a single large cap. Evidence that m~rofilamen~ possess acto-myo~n componen~ 
and can function as a contractile system has been re¼ewed by Allison [62]. 

We therefore envisage the co~Ndne-sen~tive elements as playing a role as a 
skeletal element ancho~ng concanavalin A receptors, while cytochalasin B~en~tive 
microfilaments a~t as an opposing contracti~ system. The topography of concanavalin 
A receptors at any time would reflect the interplay between these two systems. 
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If  this  p r o p o s a l  is co r r ec t  t h e n  the p r e sen t  f ind ing  tha t  the  c o n c a n a v ~ i n  A 

r e c e p t o r s  o n  ~ b u c ~ n e t ~ e d  cells are  ~ d i s t f i b ~ e d  to  f o r m  large pa tches ,  r a the r  

t h a n  a single cap,  can  be i n t ~ p r e ~ d  as i nd ica t ing  tha t  d i b u c a i n e  p r o d u c e s  ~ n c t i o n ~  

~ m f i o n  in b o t h  the  c ~ d ~ d n ~ s e n ~ t i v e  a n d  the  c ~ o c h M ~ i n  B - ~ n ~ f i v e  s y s ~ m s  o f  

pe r iphe ra l  p r o t o n s .  S t r o n g  s u p p o r t  fo r  this p r o p o s a l  is p r o v i d e d  by the  p re sen t  ob-  

~ n  tha t  c o m b i n e d  t ~ m e ~  o f  u ~ r a n s f o r m e d  3T3 cells w i th  c ~ c ~ n e  and  

c ~ o c h M ~ i n  B mimiced  the  effect  o f  d i b u c a i n e  by e n h a n d n g  cel lu lar  s u ~ e ~ i ~ l i ~  to  

1 ~ t r ~ d  

(a) (b) 

2 c~chi~ne 

3 ~ c ~ l a s i n  B 

~/~ ~ 
@ @  

~ ~ 

Fig. 4. Schematk ~p~sentat ion of the e f fEc to fc~chk~cy tochMas inBandd ibucMnehydroch lo -  
fide on the di~fibution ofconcanavMin A receptors on untransformed mouse 3T3 cel]s. (a) segment 
of ~asma membrane showing intfin~c membrane proteins carrying concanava~n A receptor  em- 
bedded within a lipid bilayer and linked on the inner membrane face to microtubules (--)  and micro- 
filaments (--'V~-). (b) representation of the ~anar  view of the distribution of concanavalin A recep- 
tors over the upper surface of the entire cell. (1) Untreated 3T3 cells: (a) the intfin~c promins are 
linked to both mkrotubu~s and mkrofihments;  and (b) concanavMin A receptor  rema~ randomly 
d~pe~ed after binding of concanav~in A to the cell surface. (2) 3T3 c ~  ~eated wkh cokhkine: (a) 
d~ruption of mkrotubules by cokhkine Mlows concanavMin A induced aggregation of intfins~ 
protons wMch are ~ill linked to an ~ t a ~  mkrofi~ment sy~em resuhing in redist~bution ofconcana- 
valin A receptors into a sin~e hrge ~ a f '  as shown in (b). (3) 3T3 cells tre~ed with cytoch~a~n B, 
(a) desp~e d i~upt~n of mkrofi~ments by c~och~asin B, int~nsk membrane proteins remain 
"'anchored" by their connexion to mkrotub~es  and binding of concanavafin A to the cell sur~ce 
does not induce redistribution of concanavMin A receptors which remMn randomly d~pe~ed as 
shown in (b). (4) 3T3 cells after treatment wRh dibucMne or com~ned treatment with colchicine and 
cytochalasin B. (a) d~ruption of the linkage of int~nsk membrane pro~ins to both mkrotubu~s 
and mkrof ihmen~ ~lows concanavalin A-mediated redi~fibufion of concanavMin A receptors to 
form m~f i~e  "p~ches'" dist~buted over the entire c~l as shown in (b). 
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agNutination. The ability of dibucNne to reverse co~hidne-induced inhibition of 
agglutination of transformed calls also lends suppo~ to the general hypothesis that 
local ane~hefics impNr both m~rotubu~ and m~rofilament activities. FinNly, the 
recent observation that local anesthetics inhibit antibody-induced capping of surface 
IgG molecules on the surface of lymphocytes [63] fu~her suggests that local an- 
esthetics can impNr microfilaments. 

The essential features of the hypotheds formulated above are summarized in 
Fig. 4. The proposal that cytochalasin-sensitive and colchicine-sendtive peripheral 
membrane proteins act as opposing influences in regulating the dNt~bufion of call 
surface ~eceptors has not been advanced before but pa~s of the present hypothesis 
have been derived Dom the scheme proposed previouMy by Edelman [46] and Berlin 
[501, 

C a  2 + and membrane organ~at~n 
The nature of the linkage between membrane protdns c a ~ n g  lectin receptors 

and peripherM membrane pro~ins is still unclear. The a~ion of ~buc~ne in ~ r i n g  
the linkage between these membrane components could result ~om severn non-ex- 
clusive mecha~sms. 

Firstly, the ability of local anesth~ics to displace membran~bound Ca z+ [35, 
36] co~d induce changes in the orga~zation of pefipher~ proteins involved in regu- 
lating the di~fibufion of cell surface receptor. For example, the pefipherM mem- 
brane pro~in spe~fin which has been shown to be involved in the ~an~membrane 
control of lectin receptors in erythrocytes ~4, 45] is re~ased ~om membranes by 
Ca2+~hdafing agents ~4], implicating a Ca2+-bridge mecha~sm. In adOtion, 
spectfin interac~ with a~dic phosph~ipids at pH 7.4 only in the presence of Ca ~+ 
~5]. By comp~ing for such Ca z +-bin~ng si~s, dibuc~ne and other loc~ ane~hetics 
could pe~urb the function~ linkage between intrinfic membrane components and 
spe~rin or an~ogous pefipher~ prctdn~ 

Another aspect of the d~placement of Ca z+ ~om membranes by anesth~ics 
that might affect the mobility of ~ctin receptors concerns the overall effect of Ca z+ 
on the orga~zafion of the lipids in membranes. Stud,s with model membranes have 
shown that C a  2+ a r e  impo~ant in influencing the over~l packing and motional 
~eedom of phospholipids. The ~nding of Ca 2+ to phosph~i~ds crea~s a more 
stable bilayer structure and may promo~ segregation of different phospholi~d spe- 
cies into domains (vide supra). If similar domains exist in natural membranes they 
could provide an orga~zation~ ~amework for the ~ f i b u t i o n  of sFedfic membrane 
components, nctably protons. The dis~acement of C a  2+ ~om membranes could 
initia~ ~ s p e ~  of such fi~d domains and in~oduce oppo~unities for more random 
intermixing of membrane c~mponent~ a process that would no doubt be accdera~d 
by specific binding of m~fivMent ligands such as lectins to the call surface. 

Local anesthetics may also induce direct breakdown of m~rofilaments and 
microtubu~s and/or inter~re with the p~ymerization of s u b u ~  to inhi~t a~emMy 
of these s~ucture~ Ele~ronmicroscop~ evidence that Ioc~ anesth~ics reduce the 
number of m~rotub~es in ti~ues has been repor~d ~6, 67] and lidoc~ne has been 
shown to produce d~se-dependent inac t ion  of m~rotub~e rep~ymerization in 
vitro ~7]. 

A possible unifying mechan~m, involving both of the actions of dibucaine 
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l ~ t e d  above ,  is tha t  the  p e ~ p h e r a l  p r o ~ i n s  c o n t r o l l i n g  lectin r e c e p t o r  mobi l i ty  are  

l inked  by Ca  2+ to  rigid d o m a i n s  o f  ac idic  p h o s p h d i ~ d s  w h i c h  s u r r o u n d  the r e c e p t o r  

p r o t d n s .  D N ~ a c e m e n t  o f  Ca  2+ ~ o m  m e m b r a n e s  by d i b u c a i n e  w o u l d  t h e n  lead to 

d i ~ o c a f i o n  o f  the  p e ~ p h e r a l  p r o ~ i n s ,  ~ s p e ~ M  o f  rigid lipid d o m a i n s  a n d  g r ea t e r  

~ a n d a f i o n a l  m o ~ l i t y  fo r  the  r ecep to r s .  The  f u n c t i o n  o f  the  pe r iphe ra l  p ro t e i n s  migh t  

be f u ~ h e r  i m p M m d  by d i ~ c t  e f f e ~ s  o f  a n e ~ h m ~ s  on  t h d r  ~ r u ~ u r M  i n ~ g f i t y .  
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