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S U M M A R Y  

Quantitative evaluation of the diffufion process of  sodium fluorescein and dan- 
sylated amino adds  in the sMivary gland of the larvae of Drosophila hydei reveals that 
the differences in spedfic permeability between the junctional and nonjunctional 
membranes, as found for small ions, do not apply to the fluorescent probes. There are 
no fignificant differences between the permeability p rope~ks  for the different dansyl- 
ated amino adds  tested, and the same p r o p e ~ s  are found for sodium fluorescdn. 

I N T R O D U C T I O N  

Impalement of a wide variety of cell systems with glass m~ro-e~ctrodes under 
microscopic control and subsequent injection of e~ctrolytes revea~d that small ions 
are allowed to move rather easily through the junctional membranes Dom one cell 
interior to the next. This phenomenon is cM~d pasfive ekctfical cell communication 
[1-3]. Fu~hermore,  qualitative observations suggest that the low-resistance junc- 
tions responfible for the intercellular ionic continuity also allow the transfer of a 
va6ety of tracer mo~cules such as fluorescein ~ 13], Procion Ydlow [7, 9, 10, 14-17] 
and some other dyes and fluorescent probes with a range of molecuNr weight varying 
between 300 and 69 000 [1 ]. R is dNmed that MI t race~ move ~ricOy Dom call to 
cell, whereas no detectable ~ a k  of them to the bathing fluid could be observed. 
However, failure of  intercdlular continuity to fluorescein was shown by Slack and 
Palmer [18] in cleavage and ea~y blastula ~ages of Xenopus laer~ embryos, while 
re , f ic t ion  of flow of Prodon Ydlow is shown in external ho~zontal cells in the dog- 
fish retina [17]. The intersegmental synapses of the median giant fibre and lateral 
giant axons of earthworms appear to be impermeable to Prodon  Ydlow [16]. Quantb 
tative analysis of the flow of Prodon Ydlow between ndghboufing cdN in sheep and 
cMf Purkinje fibres reveals that the spedalized contact areas present account for a 
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confideraN< yet not absolute, hindrance to the diffusion of this particle [19]. Other 
experiments show that fluorescein does not move from cell to cell in starfish and fish 
embryos, despite the presence of dectfical coupling [20, 21 ]. 

Because of the fact that, in most of the studies mentioned, the evMuation of 
the intracellular continuity is carried out only in a qualitative way, and because of the 
impo~ance of this phenomenon with respect to (devdopment  of) theories of growth 
control and differentiation, a quantitative study was set up: it was tested whether 
fluorescein, as well as dansylated amino acids, diffuse freely from one cell to another 
in the salivary gland of the larvae of Drosophila hvdei whose cells are dectricM~ 
coupled [22]. Exchange of the fluorescent probes can indeed be demon~ra~d ,  but 
permeation through the lo~v-resNtance junctions is not preferred because the differen- 
ces in specific permeability between the junctional and nonjunctionM membranes of 
these cells, as found for small ions, appear not to apply to the fluorescent probes. 

MATERIALS AND METHODS 

O~ect 
Salivary ~ands  of larvae of a wild type stock of Drosophila hy~i (end third 

instar) were used for the present experiments. These Nands have clear and accur~ely 
known commuNcmive proper t i~  for small ions [22]. The cul tu~ con~tions,  the 
p~para t ions  of the Nands and the composNon of the e ~ c d l ~ a r  medium were as 
p r e v ~ u s ~  described [22]. 

l n ~ n  and demean o[ fluoresce~ and dansylated am~o acids 
The fluorescent probes were d i ~ v e d  in ~s t i l~d  water in concentrations 

of about 10 mM dependent on s~u~l i ty .  These solutions were i~e~ed  hydraulkMly 
into the most distal cell, using mic ro~p~tes  of about 1 #m tip ~ameter .  Elec~otonk 
spread measu~ments  revealed that micro~pettes with such d i a m e ~  did not damage 
the gland cells with regard to dectricM c o u p l ~  For the h y d r a ~  i~ection, the 
micro~pet te  is clamped into a closed metal chamber filled with the same solution as 
the micro~pette.  The chamber is then slightly h e a r d  by means of an adjustable 
e~ctrical current. The enclosed solution expands and some of the fluorescent probe 
will be driven out of the m k r o ~ p e ~ e ,  giving rise to a seeming concentration of about 
I mM in the i~e~ed  cell as estimated ~ o m  the amount of fluorescence. This corre- 
sponds to an i~ec~d  quantity equal to about 10 ~ of the cell volume. A~uMly, this 
quantity will be much lower because of the confidera~e increase in quantum yield 
in the cell. A~er the fluorescent probe is i ~ e~ e d  into the cell, the micro~pet te  is 
removed while the extracelluhr medium is renewed because of the possibility of some 
leakage out of the pipette into the ex t racd l~ar  medium. Norm~ly  the i~e~ ion  time 
is about 15-30 s. 

In te rcy to~asmk exchange of fluorescent probes is observed by using blue 
light l~r exaltation ( L ~ t ~ O ~ h ~ u x  Microscope, Mercuri arc lamp, 75 W). Sdection 
of primary (Leitz fikers: BG 38 and UG 1) and secondary (TK 400/K400 and K460) 
filte~ guaran~es an optimal ratio b~ween d e ~ e d  secondary radiation and back- 
ground ra~af iom The ~ f i b u t i o n  of the fluorescence in~nsity in the different calls 
is photographed at different times using highly sen~tive films (Kodak Tri-X: 29 DIN).  
The exposure times are about 30 s. To avoid errors due to Offerences between films, 
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a series is always photographed on one film. On each film a test ser~s is photographed 
in order to estimate the rdafion between the densRy of the film and the concentration 
o f  the fluorescent probe. Every substance is checked to see that the fluorescence inten- 
sity does not diminish during a period of 30 rain. 

The denfity of the film is estimated with a denfitometer. Using the test series, 
the relative concentration in the different cells is estima~d ~om the density. 

Fluorescent probes 
The permeabi~ty behaviour of all dans~ated derivatives of amino acids no~  

mally found in proteins was tested in a qualitative way. From these qu~Rative obser- 
vations it seemed that the dansylated amino acids could be divided into four groups 
with more or less different permeability properties. From each group, one representa- 
tive probe was tested in a quantRative way. 

Dansyl-~qsoleudne cydohex~amine salt (tool. wt. 463.64) 
Dansyl-~-glutamine (tool. wt. 379.44) 
Dansyl-~er ine  cydohexylamine salt (tool. wt. 437.56) 
Dansyl-methionine cydohex~amine salt (tool. wt. 481.68) 

Moreove~ the quantitative analysis is carried out for fluorescein sodium (tool. wt. 
376.28). 

All dansylated amino acids and the fluoresc~n sodium were purchased from 
British Drug Houses, Poo~,  En~and.  

Control on e ~ r ~ a l  ceB coupling 
He c ~ o ton~  cell cou~ing measu~ments fimflar to t h o ~  mentioned above re- 

vealed that micropipettes with tip diameters of about t pm did not damage the gland 
cells with regard to de~rical  coupfing. 

In order to get an impression about the influence of the t axa t ion  and the 
probes upon the ~a~f i ty  of the calls, e~ctrical call coupling measurements were 
carried out on salivary ~ands incubated in control me ,u rn .  These ~ands were then 
t r a n s ~ e d  to a m e , u r n  c o n t ~ n g  one of the fluorescent probes (concentration 1 m M) 
and radiated with blue light with high intensity for 15 min. It appears that neither 
the probes nor the incubation and radiation affe~ed the amount of d e ~ r o t o ~ c  cell 
couNin~ 

As a final check, and in order to make sure that the cells are not decou~ed 
during the i~ection procedure by the large-~zed pipe~es or changes in ion sWength 
or t o~d ty ,  electrical cell cou~ing was measured, in a number of cases, before and 
about 5-10 min after the i~ection of the substances. During this period the ~ands 
we~ s u ~ e ~  to blue r a~a t i o~  as during all the experiments. No sig~ficant changes 
~ys~matic  and at random) in ~e~rical couplin~ membrane potenti~, membrane 
refinances, transparency or cell v~ume were found. 

THEORY AND ANALYSIS 

Model a~umptMns 
For the quantitative int~premtion of the resuRs, the safivary Nand will be 

thougN of as a core wNch is d o ~ d  at the dgtal side by the half of a sphere. The diffu- 
sion in the b~Nng  f l ~  the lum~al fluid and in h e  c ~ o N ~ m  is suppo~d to be ~ 
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Fig. 1. Model of  the configuration of  1he cells in the distal part of  the gland. Each cell has been 
given an order numb¢~ 

compared to the diffusion through the membranes. From observations, it was found 
that the cells in the distal part have almost equal volumes and that the cells on the 
basal side show a hexagonal pattern [22]. It is assumed that the ratio of the surface 
of the membrane on the basal side of  the cell to the surface of the membrane on the 
luminal side is equal for each cell. 

The configuration of the cells in the distal part of the gland is supposed to be 
like that shown in Fig. 1. The cells are l~ng in tings and have been given order num- 
bers. Each ring contains 6 cells except the ring with order number 0, which consists 
of  I cell. The validity &th is  model with respect to the in~rpretat ion of experiments on 
decttical cell coupling has already been shown in an earlier report ~2]. Some typical 
dimenfions of the cells and of the gland are indicated in Fig. 1. 

For the interpretation of the performed expetiments with respect to the amount 
of cell commun~at ion  and to the implications for growth control and cell differentia- 
tion, it should be emphasized that only the effective permeaNlities of the junctionM 
and nonjunctionM membranes are of relevance. For this reason the analysis will be 
carried out in terms of effective permeability of the membran~ These effective permea- 
bilities are equal to the (average) effective permeaNlity of a (projected) unit surface 
of the membrane considered, times the projected surface of that membrane. It is 
supposed that the effective permeaNlities of  a unR surface of the j unctionN membrane 
are equal for all distal cells. The same is supposed for the no~unct ionN membranes 
of the distal cells. 

In reality the shapes of  the membranes are quite different from those shown 
in Fig. 1, in which membrane foldings and mkro~Hi  are ne~ected. Moreove~ no 
attention is paid to the question as to which proportion of the junctional membrane 
area is actuMly involved in cdbto-c~l  transfer. These problems are impo~ant  in 
membrane biology, but with respect to the interpretation of experiments on cell 
communication and its implkations for growth control and cell differentiation these 
imperfections are not essential. 

~nbo& and defin#ions (alphabet~al~v) 
~ the ratio between unbound fluorescent molecules and total amount of 

fluorescent mo~cules in a cell. 
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coO) 

C 

A I 
A2 
D 
M 
II 

~o(r) 
Pi 

Qi 
Qu 
r 
R 
s \  

S,,.,+ t 

t 

v 

concentration of fluorescent mo~cu~s  in a cell with order number n at 
time t. 
c o n ~ m r ~ i o n  of fluorescent m d ~ u ~ s  in the cell with order number 0 at 
time t ~ 0. 
a ~ e  ~ r  the accuracy of 7P~. 
a m e ~ u ~  ~ r  the accuracy of  P./&. 

Q./Qi. 
highest order number. 
order number of a cell. 
n u m b ~  of fluorescent m d ~ m  in a cell with order number n at time t. 
e ~  ~ r m ~  of a unit sur~ce of the (pr~ecmd) membrane 
between cells with ~ m  order numb~s .  
e ~ i ~  p ~ m e a N l i ~  of a unit s u r ~  of the ( w ~ e ~ )  ~ ~ M  
m e m b m ~  of a ~11. 
S1,2 ~ P i / ~  
$2 b ~P~/K 

the radius of t ~  lumen. 
the radius of the gland. 
the ~ ~ )  sur~ce of the ~ ~  m e m ~ a n e  of a cell with order 
number n. 
the ( w ~ e ~ )  sur~ce of the membrane b~ween two cells with order 
numb~ s  n and n + t .  
time aRer i ~ e ~  of fluorescent m d e c ~  in the most distal cell. 
Qilo 
volume of a cell. 

D(~usion equat~ns 
The p r e e n e d  surfaces can be c ~ c u h ~ d  by using the indica~d ~mensions in 

Fig. I and confidefing ~l  cells to have equ~  v~umes.  The following values am ob- 
tained: S o b =  12 000 ~m2: $1 b ~  11 500gm2; Snb ~ 8000gm 2 ( n ~  2): S 0 , ~  
3500 gin2; S.,.+~ -- 3200 gm 2 (n ~ 2). A possi~e binding of fluorescent m o o c h e s  
in the cy to~asm would take ~ace  according to the eq~fibfium equation: 

[unbound molec~es] × ~ i n ~ n g  r e o c c u r s ]  ~ con~ant  × [bound mo~cu~s]  

If we assume that the number of binding m ~ e c ~ e s  will hardly change, we may w r i t :  

[unbound fluo~scent mo~cu~s]  --  ~ ~otal amount fluorescent m~ecu~s ]  

I f  Pi denotes the permea~fi ty of  a unR surface of the p r ~ e c ~ d  membrane between 
cells with ~fferent order numbers and P.  denotes the permea~li ty  of a unit surface 
of  the p r e e n e d  no~unc t ion~  membrane of a cell, the diffusion process will be 
described by the aquations: 

dN__ o_ = 6Soa ~Pi{c, - Co} - S~ ~Puco ( l a )  
dt 

dN,  = S o , , ~ & { ~ _ C l } +  2 S ~ , 2 ~ P i { < _ c , } _ S } ~ p u ¢  ' ( lb )  
dt 
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d~ = 2 ~ _ , . .  ~P~ { ~ - 1 - - ~ }  + 2~.n+l "Pi { q + l - - ~ }  -- S~ ~& ~ (lc) 
dt 

(2 4 n ~ M - l )  

d N .  ~ 2S~_,.~, ~P~ { c v _ ~ - c v }  - S~  u &  c v (ld} 
dt 

We define Qi := S , , ~ & / K  Qo - ~ & / <  D -- Q./Qi and r - Qit. Since c. - 
~ ~ S }  -= 1.5. S~S~ 1.4 and So,~/S,,2 1.1 the Eqns la, lb, lc and ld can 
be wNt~n as: 

de .  
dr - ( 6 . 6 +  1.5 D)co+6.6 c~ (2a) 

dc~ 
~ r  1.1 c o - - ( 3 . 1 + l . 4 D ) Q + 2 c z  (2b) 

dc, 
dr 2 ~ _ ~  ~ + D ) %  ~2c,+ t (2 ~ n ~ M - - l )  (2c) 

d ~  
dr 2c~_~ ( 2 + D ) c ~  (2d) 

Estiomtion o f  ~ e  parameW~ Qi and D 

By defining the vector: 

~ ~- (Co, c, . . . . . . . .  c~)  (3) 

the set of coupled ~fferentiN equations 2a, 2b, 2c, and 2d can be taken together in the 
vector equation: 

dff 
= Bff (4) 

dr 

in which B is an M by M matrix with the configuration: 

- -6.6--  1.5 D 6.6 
1.1 --3.1--1.4 D 

2 
B -~ 

2 ~ 

- 4 - - D  2 
2 - - 4 - - D  2 

2 - - 4 - - D  2 
2 2 D 

__ 

The formal solution of Eqn 4 is given by: 

if(r) ~- exp(Br)~(0) (6) 

in which fi(0) represents the values of the concentrations at time t -.- 0. Because the 
injection time ~ sho~ compared to the time in which the diffufion process takes place, 
we assume: 
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~(0) ~ (c ,  0, 0 , .  . . . . .  0) (7) 

i f  Qi, D and C are known a(t) can be cMculated by diagonM~ation of  the matdx B 
(see for instance tee 23). 

In order to e~imate the values of  Q~, D and C # o m  experimental results, 
we carried out the minimizadon procedure descdbed by Hooke  and Jeeves [24]: if 
q ( q )  is an expedmentNly found value for the concentrat ion in ring n at time q and 
~ o r  (C, Q~, D, ~) denotes the theoretical value, then C, Q~ and D are calculated by 
minimiza~on of  the expre~ion:  

G ~ 5 5 (cl~o;(C,G(t')Oi, D, 1~)- I)2 (8) 

(We do not  c l a m  that this method is the op~mal  one, but sti~ R is s imp~ and effective). 
In this way the wdues for C, ~ and D are found whereas G gives information 

about  the reliability of  the e~imated values. F rom the values of  ~ and D, the param- 
eters ~Pi and P~,/P~ can be c~culated.  

RESU LTS 

The vNues found fo r  the permeaNHfies of  f luo~scein and the dans~ated  amino 
acids are given in Table l. One of  the be~ fitting results is given in Fig. 2 (Tab~  I*), 
whereas Fig. 3 shows the diffusion process e v N u a ~ d  in Fig. 4 (Table I**). All calcu- 
la~ons are carNed out under  the assumption that M - 5. 

From the averaged vNues found for ~P~ and Pu/P~ of  each group, it appears 
that there are no ~gNficant  differences b~ween the param~ers  o f  different groups. If  
we use N1 values listed in T a b ~  I, it follows that the averaged vNue of  2P~ is 150 • 10 * 
mm - s -  ~ (median value 140- 10 .6  mm • s -~)  and that the averaged value of  Po/P~ 
is 1.1 (median value 1.0). Thus it may be concluded that the junc~onM and non- 
j u n ~ i o n N  membrane parts have about  equal permeability prope~ies with respect 

&05- 

~01- 

I I I I I I I I I I 
2 ~  400 6 ~  800 10~ 

> % ~  

Fig 2. R e s ~  of the measurements on the ~ffusion process o f~r~e  in the gland. The measurement 
series marked * in TaMe I is used. Measured concentrat~ns in the ceils with order number 1 (©), 
and order number 2 (0). The lines represent the best fitting curves obt~ned by mi~mization of G 
(Eqn 8). 
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TABLE I 

R~ul~  of the quamR~Ne e v ~ u ~ n  of the measurement ser~s. The series marked * is used in 
Figs 2 and 3. The series marked** is used in Fig. 4. For the mea~ng ofA~ a n d A ~  see D~cus~o~ 

FluoresCent Number of =Pi A, P,/PI A2 
probe measuring (10 -6 mm - s -~) (10 -6 mm • s-~) 

points 

~ u ~  

lso-~ucine 

GImamine acid 

Scribe 

M m h ~  

12 150 15 0.25 0.25 
20 80 40 0.25 0.25 
18 140 30 0.40 0.15 
18 140 60 0.90 0.50 
10 30 15 5.00 1.00 
18 130 70 1.00 0.30 
20 280 140 0.60 0.20 
14 70 30 2.10 0.50 
16 170 40 0.60 0.20 
14 70 30 1.70 0.90 
14 140 30 1.00 0.50 

18 100 20 1.40 0.20 
18 120 20 1.10 0.20 
33 200 70 ~65 0.40 
27 460 200 0.25 0.15 
18 180 60 1.30 0.30 

27 200 60 0.25 0.25 
16 140 40 1.10 0.30 
14 100 30 ~90 ~40 
14 225 50 0.85 0.40 
14 180 60 1.10 0.60 

12 125 15 0.80 0.10 
14 110 30 1.60 0.40 

*22 110 10 1.00 O. I0 
25 130 30 0.85 0.40 

*.38 1 O0 30 I. 10 0.40 
12 125 30 1.40 0.80 
20 150 80 1.20 0.40 

6 180 10 1.40 0.50 

to  the  mo lecMes  tes ted ,  w h e r e a s  f o r  s m N l  ions  it was f o u n d  t h a t  fo r  this  o ~ e c t  Pu/Pi 
equa l s  a b o u t  0.01 ~ 2 ] .  

The  p e r m e a N f i t y  c o e f f i d e n t  f o u n d  agrees  wi th  vNues  o b t N n e d  for  the  d i f f u r o n  

o f  a m i n o  ac ids  t h r o u g h  b l ack  l ip id  m e m b r a n e s  ( E g b e f i n ~  p e ~ o n N  c o m m u n i c a t i o n )  

i f  it is s u p p o s e d  t h a t  e = 1 a n d  t h a t  the  m e a n  l eng th  o f  the  u n f o l d e d  m e m b r a n e  is 

i nc r ea sed  by a f a c t o r  5. The  la t t e r  a s s u m p t i o n  seems  to  be a r e a s o n a b l e  one  [4]. I f  the  

resul ts  a re  to  be in t e rp reWd wi th  r e spec t  to  the  a m o u n t  o f  cell c o m m u N c a t i o n ,  t he  

ra t io  S~Pu/S,,, +, Pi s h o u l d  be c o n s i d e r e d .  This  r a t i o  is N s o  o f  the  o r d e r  o f  m a g n i t u d e  

l,  i n N c a t i n g  t h a t  the  ~ a n s p o ~  ~ o m  cell to  cell is n o t  m u c h  d i f fe ren t  ~ o m  the  l eakage  

o f  m M ecM es  to  the  ou t r i de  o f  the  cells. 
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F i g .  3. P h o t o g r a p h s  o f t h e  d i f f u s i o n  p r o c e s s  o f s e f i n e  e v M u a ~ d  in F i ~  2. ( a )  t , -  9 0 s ;  ( b ) t  1 3 5 s  

(c )  t 195s;(d) t - -  2 5 5 s ; ~ ) t - -  3 1 5 s ; ( O t  3 7 5 s ; ( g )  t - -  435  s ;  (h )  t : 4 9 5 s ;  ( i )  t - 6 1 5 s  

( j )  t , -  735 s; ( k )  t 915  s. 
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Fig. 4. Results o f  t h e m ~ m e ~ s o n t h e d i f f u s i o n p r o c e s s o f m ~ h ~ n e i n t h e ~ a n & T h e m e ~ u r ~  
ment series m ~ k e d  * *  in TaNe I is used. M e ~ e d  c o ~ e ~ r ~ n s  in [he cells wi th order n u m b ~  I 
{ - ). order n u m b ~  2 [@) and order number 3 ( ~ ) .  The lines represent the best f i t t ing curves ob- 
tained by m i ~ m ~ i o n  o f  G (Eqn 8). 

DISCUSSION OF THE MODEL DESCRIPTION 

AcctwaQ' q /~e  estimawd paramewrs 
The minimum value Gm~ ., obtained by m i ~ m ~ a t ~ n  of Eqn. 8 for every mea- 

surement series, was used in order to get an impression about the accuracy of the 
e~imated param~ers Q~ and D. For different values of C* around C, Q~* around 
Q~ and D* around D, the value of 

-::  
was calculated. From the results the ranges of Q~ and D for which G* ~ Gn,~o were 
e~imated. From these ranges, the corresponding maximal variations A1 and A 2 of 
~P~ and P,/P~ respectively were calculated: they are indicated in Tab~ I. Thus xP~:A~ 
and Pu/P~±Ae give upper and lower bounds for all values for which G* ~ Gm~ n. A~ 
and A2 give an impression of the sensitivity of the fi~ing procedure and of the accuracy 
of the estimated parameters as far as this accuracy is limited by non~y~emat~  errors. 

We want to emphasize that no real ~atNtical justification for the accuracy 
attributed to the parameters is obtained in this way. Such a justification is hard to 
obtain here because of the comple~ty of Eqn 6. 

The values found for Pu/P~ extend over a wide range. There are a number of 
factors which may be responfible for this variability. The ages of the larvae used in 
the expefimen~ varied between 155 and 165 h. This will introduce errors in the 
morphological quantities, and thus in ~P~ and ~P, of the order of 20 !!~,. Fu~hermore, 
in an earlier report [22] it has already been shown that a difference of l0 h in age 
between salivary glands results in a difference in Pu/P~ for small ions of a factor 2.5. 
Moreove~ the model is a simplification in which no attention is paid to biological 
varabifity. For salivary glands with an age between 155 and 165 h the value of P~/P~ 
lbr small ions varies by about a factor 10, which agrees with the variability in results 
listed in Table I. 
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Model assumptions 
In order to restrict the computer time, it was supposed that M :- 5. The con- 

centrafions ca~ulated from the median values of ~P~ and P,/Pi for M 5 and 
M 20, respectively, differ less than 1 i';i in the cells with order numbe~ 1, 2 and 3 
during a test period of 1200 s. Thus the choice of M : : 5 does not influence the results 
obt~ned. 

It was assumed that the concentration of fluorescent molecules in the bathing 
fluid was ne~i~bl~ In order to get an impression about the correctness of this 
assumption, the diffusion of molecules out of a sphere was studied. The diffusion 
coeffirent of the molecules in the bathing fluid and in the sphere interior was taken as 
equal to that in water, i.e. 5 • 1 0  - 4  mm 2 • s-~ (corresponding to a molecular weight 
of 350 [25]) whereas, for the effective permeability of the outer surface, the median 
value from Table 1 (140. 10 -6 mm • s-~) was chosen. The volume of the sphere was 
taken as equal to the volume of the most distal cell of the gland. 

The computations of the diffufion process due to a concentration C at t =~ 0 
in the sphere (concentration outside the sphere at t : 0 equal to zero) were carried 
out using a numer~al scheme described pre~ou~y [26]. in Fig. 5 the results of the 
c~culations are given at two locations, namdy at d~tances of 8 ~m and 30 !~m ~om 
the outer surface in the bathing fluid. Together with these findings the results of the 
c~c~afions of the diffusion process in the salivary gland with effective permea~lities 
equal to 140.10 6 mm s- ~ are given for the cells with order number 3. 

It is hardly possible to detect the concen~ation in the cells with order number 3 
(see also Figs 3 and 4). This leads to the condufion that the concentration outside 
the gland may indeed be neglected. It is hardly possible to detect the concentration 
in the bathing fluid. Thus the fact that no leakage is seen does not imply that the non- 
junction~ membranes are much more impermeable than the junctional membranes. 
Fu~hermore, measurements during which salivary glands were immersed for 20 min 
in control medium cont~ning sodium fluorescein ( 1 mM) show a cytoplasmic ~ n i n g  
of the ~and calls. This staining is quenched within 5 min when the glands are rinsed 
with control medium. From the calculations of the diffusion out of the sphere it also 
became evident that the concentrations inside the sphere are hardly dependent on the 
site within the sphere. 

?5 

'-~ ~o- /~I" A 
' ' 

0 2~ ~ 6~ ~ 

-- ~15~ 

Fig. 5. Results ob t~ned  for the diffusion out of  a sphere. Concentration at a distance o f /A~  8!~m 
~ o m  the outer surface in the bathing fluid and (B) 30/~m. (C) Concentrat ion in the third order cd~.  
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From the measurements mentioned above it follows also that the assumption 
that the &ffusion in the cytoNasm and in the batNng find is very fast compared to the 
difihsion through the membranes is indeed correct. 

The photographs show the average concentration during the exposure time of 
about 30 s. Fig. 2, however, shows c~ady that this will not Nve rise to impo~ant 
errors in the expe~mentM vNues for the concentrations, because the changes in 
concentrations are neNiNNe in a period of 30 s (see also Figs 2 and 4). Also, the 
i~e~ion  time is short compared to the time in which ~ffusion occur .  

In our theoretical analysis the transport of the dyes through the junctionN and non- 
junctionN membranes is described by means of simp~ Nffusion equations (Fick's 
law). From the resuRs (Figs 3 and 4) it appears that there exists a fair agreement 
between the experimentN findings and the theomticN results, in fact we do not have 
any expefimentN evidence (like systematic differences b~ween the theoretical and 
expedmentN curves) ind~ating that FicUs law in its simple form is not obeyed. 

The exact kind of transpo~ mecha~sm and the possibility of speNM pathways 
are not nece~arily of impo~ance here. The condufion may be formulated as follows. 
It is lbund experimentally that the ~anspo~ processes investigated behave f imi~dy 
to those in a cell sys~m which can be described by simple diffusion equations and in 
which the ~anspo~ throughjunctionM membranes is not highly p ~ r r e d  to transport 
through no~un~ionM membranes. It follows then that cell commuNcafion which 
would provide for easy intercytoNasm~ exchange of large mo~cMes involved in 
gro~vth control and cell differentiation, can not be effective here. Sd~e~denf l~  this 
condufion is su~e~  to the conNtion that the tracers give information as to how 
these processes take place. 

G E N E R A L  D ~ C U S ~ O N  

The quantitative analysis of the ~ffusion patterns of fluo~scein and dansylated 
amino a~ds reveals that the junctional membranes in sNNary Nand cdN of Drosophi~ 
hvdei account for a sub~anfiM barrier to Nffusion of these large mo~cuks.  Despi~ 
the fact that the quNRative anNysis of the diffusion of fluorescein ~om one cell to 
another suggests intercdl~ar  cont in~ty to large mooches ,  because the leakage of 
the fluorescent probm to the batNng fluid is hardly detectable (see Nscusfion of model 
descriptionsL the effemive permeaNlities of the jun~ionN and no~unctionM mem- 
brane are found to be Mmost equN. 

The set of fluorescent probes tested includes mNecMes with different con- 
figuration and ele~rical charge. These Nfferences, howeve~ do not find expresfion 
in terms of different permeability properties. This may be partly due to a masNng 
effect of the dansyl group on the amino a~d properties and pa~ly to the spread in the 
values of one single probe. It may be concluded that the beha~our of ~uorescdn, at 
least within this gland eNthelium, appro~mates d o s d y  to the behaviour of the ~ e d  
mdec~es .  

The seeming intercdlu~r contin~ty to large mNecuks like fluoresc~n was 
at the basis of specMations concer~ng a pos~Ne function of cellqo-cell diffusion with 
~spect to cell ~ffemntiation and regMation of tissue growth by permitting Nffu~onM 
t r a n s i t  of ~gulatory me~age mMecMes ~]. 
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O u r  r e s u l ~  a n d  a lso  r e su l t s  o f  o t h e r s  [16 -21 ]  do  n o t  c o n f i r m  the  ex i s t ance  o f  

l o w - r e f i n a n c e  j u n c t i o n s  p r o d d i n g  f o r  i n t e r c y t o p l a s m i c  e x c h a n g e  o f  l a rge  mo lecu l e s .  

F o r  th is  r e a s o n  we w o u l d  like to  p r o p o s e  a ro le  fo r  the  w i d e s p r e a d  p h e n o m e n o n  o f  

i n t e r c e l l u l a r  ion ic  c o n t i n ~ t y  wi th  r e spec t  to  g r o w t h  c o n t r o l  a n d  cell d i f f e r en t i a t i on .  

i t  is g e n e r ~ l y  a c c e p t e d  t h a t  e n z y m e s  r equ i r e  c e r t a i n  o p t i m ~  e n ~ r o n m e n t ~  c o n d i -  

t i o n s  for  m a x i m a l  ac t iv i ty .  L o w - r e f i n a n c e  j u n c t i o n s  m a y  c o n t r i b u t e  to  o p t i m a l  

f u n c t i o n i n g  o f  the  cell m a c h i n e r y  by  p e r m i t t i n g  a b ~ a n d n g  o f  ion ic  c o n c e n t r a t i o n s  

w i t h i n  the  cell sys tem.  C h a n g e s  in m e m b r a n e  p r o p e r t i e s  o f  a p a r t  o f  the  cell s y s ~ m ,  

for  i n s t a n c e  due  to  cell i n ju ry ,  will lead  to  t r a n s p o r t  o f  ions  i n to  th is  p a r t i c u l a r  par t .  

T h e  p r o d d i n g  cells will m ~ n t ~ n  t h e i r  e q u i l i b ~ u m  s R u a t i o n  by a n  i n c r e a s e d  a c t i ~ t s ,  

w h e r e a s  in  the  o t h e r  cells r e s t o r a t i o n  o f  the  i on i c  c o m p o s i t i o n  o f  the  c y t o p l a s m  will 

r e d u c e  r e c o v e r y  p rocesses .  E lec t r i ca l  cell c o u p l i n g  s h o u l d  in o t h e r  w o r d s  t e n d  to 

bu f f e r  the  cell sy s t em i o n i c ' S .  
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