
(18). This constriction may provoke cor- 
onary vasospasm which could trigger an 
acute ischemic crisis. Thus, PGI2 may be 
useful in the prevention of secondary is- 
chemic episodes once an initial ischemic 
event occurs in the heart. 
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suggested that the dimensions of the lat- 
eral spaces are such that current mathe- 
matical models fail to predict an isotonic 
absorbate (2). Fredericksen and Rost- 
gaard (3) even questioned the existence 
of dilated lateral intercellular spaces in 
living preparations and suggested that 
the fixation and embedding procedures 
preparative to electron microscopy pro- 
duced artificially dilated spaces because 
of cell shrinkage. Other authors (4) re- 
ported that fixation procedures may alter 
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intercellular space geometry, making the 
accuracy of morphometric data ques- 
tionable. 

The conclusions of many investigators 
about the role of the lateral spaces are 
heavily dependent on the accuracy of 
measurements of the spaces in electron 
micrographs. Since there is controversy 
about the relevance of intercellular di- 
mensions in fixed preparations to the liv- 
ing tissue, we developed a method for 
light microscopic observation of the 
spaces in a living, flat epithelium. This 
system makes it possible to continuously 
measure the width or cross-sectional 
area of the lateral intercellular spaces at 
any distance between the tight junction 
and the basement membrane. Simultane- 
ously, we can measure the epithelial 
electrical resistance, pass current across 
the epithelium, vary and measure the hy- 
drostatic pressure across the epithelium, 
and rapidly alter the composition of the 
fluids bathing either surface of the epi- 
thelium. Thus it is possible to perform 
most of the experiments currently uti- 
lized for studying epithelia while mon- 
itoring the size and shape of the inter- 
cellular spaces. Necturus gallbladder 
was chosen for the initial experiments 
because of its relatively large cell size (15 
to 25 ,um in diameter) (5). 

The chamber for the gallbladder, 
shown in an exploded view in Fig. 1, is a 
miniature Ussing chamber (6) whose di- 
mensions are chosen to satisfy the opti- 
cal requirements of the microscope lens 
system. The overall chamber thickness 
is 1.1 mm and the tissue is within 75 ,tm 
of the inner surface of the bottom cover 
glass. The chamber was modified from a 
Dvorak-Stotler tissue culture chamber 
(7). The tissue is held mucosal side 
downward between concentric rings that 
are placed inside a plastic spacer. The 
bottom of the spacer is composed of two 
laminated sheets of mica and the bottom 
cover glass (Fig. 1). The channel in the 
lower mica forms the mucosal bath (8). 
The serosal bath is formed by fluid above 
the smallest tissue-holding ring. Before 
assembly, the topmost mica surface was 
painted lightly with liquid Sylgard 184 
(Dow Chemical Co., Midland, Michigan) 
to achieve an electrical seal of the tissue 
to the mica around the center hole. The 
size of the center hole in the uppermost 
mica sheet determines the area of tissue 
exposed to the mucosal bath. We tried 
several sizes, ranging in diameter from 
75 ,am to 1.5 mm. The optimum size was 

intercellular space geometry, making the 
accuracy of morphometric data ques- 
tionable. 

The conclusions of many investigators 
about the role of the lateral spaces are 
heavily dependent on the accuracy of 
measurements of the spaces in electron 
micrographs. Since there is controversy 
about the relevance of intercellular di- 
mensions in fixed preparations to the liv- 
ing tissue, we developed a method for 
light microscopic observation of the 
spaces in a living, flat epithelium. This 
system makes it possible to continuously 
measure the width or cross-sectional 
area of the lateral intercellular spaces at 
any distance between the tight junction 
and the basement membrane. Simultane- 
ously, we can measure the epithelial 
electrical resistance, pass current across 
the epithelium, vary and measure the hy- 
drostatic pressure across the epithelium, 
and rapidly alter the composition of the 
fluids bathing either surface of the epi- 
thelium. Thus it is possible to perform 
most of the experiments currently uti- 
lized for studying epithelia while mon- 
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was chosen for the initial experiments 
because of its relatively large cell size (15 
to 25 ,um in diameter) (5). 

The chamber for the gallbladder, 
shown in an exploded view in Fig. 1, is a 
miniature Ussing chamber (6) whose di- 
mensions are chosen to satisfy the opti- 
cal requirements of the microscope lens 
system. The overall chamber thickness 
is 1.1 mm and the tissue is within 75 ,tm 
of the inner surface of the bottom cover 
glass. The chamber was modified from a 
Dvorak-Stotler tissue culture chamber 
(7). The tissue is held mucosal side 
downward between concentric rings that 
are placed inside a plastic spacer. The 
bottom of the spacer is composed of two 
laminated sheets of mica and the bottom 
cover glass (Fig. 1). The channel in the 
lower mica forms the mucosal bath (8). 
The serosal bath is formed by fluid above 
the smallest tissue-holding ring. Before 
assembly, the topmost mica surface was 
painted lightly with liquid Sylgard 184 
(Dow Chemical Co., Midland, Michigan) 
to achieve an electrical seal of the tissue 
to the mica around the center hole. The 
size of the center hole in the uppermost 
mica sheet determines the area of tissue 
exposed to the mucosal bath. We tried 
several sizes, ranging in diameter from 
75 ,am to 1.5 mm. The optimum size was 
a 1.5-mm-diameter hole, determined by 
the electrical properties of the tissue and 
mechanical considerations. Thus the ex- 
posed tissue has an area of 1.8 x 10-2 
cm2. 
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Size and Shape of the Lateral Intercellular Spaces 
in a Living Epithelium 

Abstract. The lateral intercellular spaces of Necturus gallbladder epithelium were 
seen and measured while the living tissue was perfused in a new chamber. The com- 
pliance of the lateral cell membranes was calculated from the measured pressure- 
volume characteristics of the lateral intercellular spaces. 
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The chamber is placed on the stage of 
an inverted microscope (Diavert; E. 
Leitz, Rockleigh, New Jersey), as shown 
in Fig. 2. The microscope is used in the 
direct illumination mode and is equipped 
with several special optical features (9), 
which may be briefly summarized as fol- 
lows. The preparation is illuminated by a 
stablized light source through a high- 
magnification objective lens-condenser, 
and the image is formed by an oil-immer- 
sion objective lens. When the condenser 
is properly positioned, the tissue is illu- 
minated with a circle of light approxi- 
mately 75 ,/m in diameter. Since the opti- 
cal system has an effective numerical 
aperture of 0.95, a shallow depth of focus 
is achieved and the tissue may be opti- 
cally sectioned in approximately l-/um 
thicknesses. The image is split and 10 
percent of the light is diverted to an im- 
age-intensified television camera; the re- 
maining 90 percent goes to a photomulti- 
plier tube (EMI 9844B phototube with S- 
11 cathode) after passing through a slit of 
variable dimensions. The measuring slit 
of the photometer is positioned over the 
lateral intercellular space of interest. The 
position of the slit and the focus are con- 
stantly monitored with the television 
system during measurements. 

When the measuring slit of the pho- 
tometer is placed over an interspace and 
the microscope is focused from the sur- 
face of the cells through the tissue to the 
basement membrane, the current output 
of the photometer is observed to vary. 
Serial measurements of the width of a 
lateral intercellular space at each focal 
depth were compared to the photomulti- 
plier readings at each depth. The result is 
shown in Fig. 3. The width of interspaces 
with regular geometry was determined 
by directly reading a calibrated graticule 
in the television image. The accuracy of 
the width measurements is 0.15 ,um. Al- 
though there is no readily predictable 
theoretical relationship between lateral 
interspace dimensions and light trans- 
mission, we observed that the phototube 
current was a linear function of the 
cross-sectional area of the space in the 
focal plane. In all cases linear regression 
of phototube current on interspace width 
(or cross-sectional area for irregularly 
shaped spaces) yielded a correlation co- 
efficient of .94 or larger. 

Necturus gallbladder in the chamber 
exhibited electrical and selectivity prop- 
erties comparable to those previously re- 
ported in larger chambers. Tissue resist- 
ance in chloride Ringer solution, mea- 
sured by use of a voltage clamp with a 
triangular wave command (1 Hz), aver- 
aged 330 + 29 ohm-cm2 [mean + stan- 
dard error (S.E.), N = 11], comparable 
7 APRIL 1978 

Fig. 1. Exploded view of miniature Ussing 
Outer ring chamber. Tissue is trapped between small and 

intermediate-size rings (shown enlarged) and 
stretched across the opening of the small ring. 

Snap ring ( A laminate of mica disks and the bottom cov- 
Snap^4 ring~ ~er glass, cemented to the bottom of the spac- 

Compression O er, forms the tissue-supporting surface and 
ring mucosal bath. Fluid flows to the mucosal bath 

Pres--sur^ ~through tubing inserted into the two short 
Presslae C holes of the outer spacer ring, then flows 

rplate downward through vertical holes aligned with 
Teflon (the corresponding holes in the top mica disk, s 

eal--I Tissue and then across the chamber in the channel 
Cover glass C-5 holding formed by the slot in the bottom mica disk and 

Spacer 
rings 

the bottom cover glass. The outer and inter- 
mediate spacer rings have four holes drilled 

Mica \) through their edges. Serosal bath fluid flows 
Mica 3 through two needles (not shown for clarity) 

pushed through two of these holes. These nee- 
Cover glass (dies serve to deliver and remove fluid from 

- ----- the small region overlying the center ring. The 
Bp 

~ .:~<- ^ ~ ^two other holes are used for serosal voltage Base 
electrode and pressure transducer needles. 
The top cover glass is held in place by silicone 

grease. The pressure plate, compression ring, and outer ring serve to hold the chamber securely 
to the base, which fits onto the microscope stage. The mica disks are 25 Atm (top) and 50 tm 
(bottom) thick; the center hole in the top mica is 1.5 mm in diameter and determines the area of 
tissue exposed to the mucosal bath. 

to the value 307 ohm-cm2 previously re- 
ported (10). In sulfate Ringer solution the 
resistance was 500 + 96 ohm-cm2 (mean 
+ S.E., N = 6), in agreement with a re- 

cent report (11). When the mucosal NaCI 
was totally replaced by tetramethylam- 
monium chloride in six gallbladders, an 
average bionic potential of 29 + 4 mV 
developed (mucosa positive), consistent 
with the Na+ selectivity observed by 
several investigators (10). Tissue integri- 
ty, as assessed by electrical parameters 
and appearance, was well maintained for 
- 7 hours. The mucosal and serosal 
baths were constantly perfused; when 
perfusion of the serosal bath was 
stopped for periods of more than 15 min- 

utes the preparation deteriorated. The 
mucosal bath volume was approximately 
1.85 ,ul and was typically changed about 
ten times per minute. The serosal bath 
volume was approximately 6 /l and was 
changed about five or six times per min- 
ute. 

The dimensions of the lateral inter- 
cellular spaces under conditions of nor- 
mal fluid transport are critically impor- 
tant parameters in several mathematical 
models of isotonic fluid transport (12). 
We therefore determined the character- 
istic shape of the lateral spaces during 
fluid transport, when the mucosal and 
serosal bathing solutions were Necturus 
NaCI Ringer solution (13). A narrow rec- 

Fig. 2. Block diagram lT 
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ber. The chamber is TUBE 
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an inverted micro- X-Y PLOTTER 

scope equipped with ADJUSTABLE P RECTANGULAR i 
specialized optics SLIT 

(see text). The image 
TV MONITOR 

is split and viewed on 35mm /BEAM TV CAMERA 

a television monitor AMSPLITTER 

while measurements 
PERFUSION are made with the LAMP RESERVOIRS STRIP 

photomultiplier tube. CHART 

The output of the INTERFERENCE RECORDER 
CON FILT 

phototube (PMI) is DENSE 
L 

displayed as the y- FOCUSING 50B 
6 

ELECTR OET 

axis on an x-y plotter. ECTROMETER 

The x-axis is the read- VOLTAGE/CURRENT 

out of a potentiometer _ _ C P 
OSCILLOSCOPE attached to the fine- OSCILLOSCOPE 

focusing knob of the microscope. Voltage and current readings are amplified and controlled 
by a combination electrometer (input impedance > 1012 ohms; voltage-current clamp, gain 
10,000; rise time, 20 /sec). The voltage and current signals are monitored on an oscilloscope 
and recorded on a strip-chart recorder. 
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Fig. 3 (left). Photomultiplier output plotted against Ce d 
Cell density measured width of an interspace with paral- 

lel walls. Each point represents the record of light output and width for the same interspace at 
different depths of focus. The line is fitted by the method of least squares. Fig. 4 (right). (A) 
Dimensions and profile of the average lateral intercellular space (LIS) of Necturus gallbladder. 
The interspace depth of 16 gm is a mean value (16 ? 0.47 /m, N = 23) of the distance from the 
tight junction (TJ) to the serosal base of the cell. (B) Light transmission by the cells adjacent to 
the measured space; P/PTJ is the percentage light transmission at any depth relative to that at 
the level of the tight junction. (A and B) Points show means + S.E. 

tangular measuring slit was scanned 
from one cell across the interspace to the 
adjacent cell at 2-/im intervals of depth 
from the tight junction to the base of the 
cells. Table 1 and Fig. 4 give the mean 
width of 23 spaces and the light transmis- 
sion of their adjacent cells (N = 37). The 
narrowest space width that could be de- 
tected was 0.30 /xm, which is near the 
limit of resolution of our optical system. 
The lateral space normally exhibited a 
very narrow region for 4 to 6 A,m beneath 
the tight junction and then a gradual in- 
crease in width as a function of depth. 
The width of the interspace was not uni- 
form around the cell (14). Small dilata- 
tions or "lakes" of fluid were frequently 
observed (Fig. 5), particularly at the 
junction of three cells. The formation of 
such local expansions of the interspace 
probably resulted from cell-to-cell cou- 
pling by desmosomes or interdigitations 
of lateral membranes of adjacent cells 

Fig. 5 (left). Necturus gallbladder bathed in chloride Ringer solution in the absence of a hydrostatic pressure gradient. The focus depth is 14 ,/m 
below the tight junction. Note the narrow but discernible interspaces with expanded regions at the junction of three adjacent cells. Scale bar, 5 
,um. Fig. 6 (right). Necturus gallbladder, 15 cm-H20 hydrostatic pressure gradient (serosa > mucosa), bathed in chloride Ringer solution. 
The focus depth is 10 /,m below the tight junction. Note the regular banded appearance of interspace due to interdigitations or folds of adjacent 
lateral cell membranes. Scale bar, 5 ,/m. 
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Fig. 7 (left). Record of the dimensions of one interspace at different hydrostatic pressures across the Necturus gallbladder. The curves are actual 
experimental tracings from x-y plot records of the steady-state interspace geometry of tissue bathed in chloride Ringer solution. Fig. 8 (right). 
Volume of lateral space in Fig. 7 plotted as a function of applied transepithelial hydrostatic pressure gradient. The ordinate is the volume of the 
interspace in cubic micrometers per micrometer of linear circumference of the cell at the level of the tight junction. The smooth curve is the 
characteristic compliance function for a thin-wall elastic tube (18) fitted to the data by the method of least squares. The equation for this curve is 
R = 1/1 + 1.13e-0?2a; correlation coefficient, .93. 
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(Fig. 6). The lateral intercellular spaces 
collapsed when fluid transport was inhib- 
ited by any of several different means 
(removal of mucosal sodium, replace- 
ment of Cl- by SO42-, or serosal oua- 
bain). Restoration of transport caused 

rapid opening of the lateral spaces. The 
time course of these dimensional 
changes of the interspaces and the epi- 
thelial cells has been investigated (15). 

Variation in the width of lateral inter- 
cellular spaces with hydrostatic pressure 
has been reported (16). To determine the 

compliance of the walls of the spaces, we 
studied the relationship between inter- 
space shape and hydrostatic pressure 
difference across the gallbladder. The 

preparations were perfused with either 
100 mM NaCl Ringer solution or 50 mM 

Na2SO4 Ringer solution (13). An inter- 

space that did not contain large dilata- 
tions or irregular regions was selected 
for study and light output was recorded 
as a function of focal depth. As indicated 
in Fig. 2, this is readily accomplished by 
recording the focal depth as the x-axis of 
an x-y plotter, and the phototube current 
as the y-axis. To achieve known hydro- 
static pressure differences across the 

gallbladder, the fluid outflow tubes were 
occluded and the perfusion reservoirs 
elevated to the appropriate levels. The 
experimental tracings are shown in Fig. 
7. The lateral space width was calculated 
from its linear relationship to phototube 
current at each pressure (17). It may be 
seen that space width increased if the 
serosal pressure exceeded the mucosal 
pressure by as little as 5 cm-H20. The 

interspaces reached a maximum width at 

pressure differences of 10 to 15 cm-H20. 
Records of phototube current versus fo- 
cal depth over the cells adjacent to the 
space in Fig. 7 were similar to those 
shown in Fig. 4B; only small changes in 
cell density occurred as a function of 

pressure. 
The volume of the lateral spaces per 

micrometer of linear circumferential 
length was calculated from the measure- 
ments of space width as a function of 
depth. Figure 8 shows the pressure-vol- 
ume relationship for the space in Fig. 7. 
The relationship appeared to be sigmoi- 
dal, and the data were fitted by the meth- 
od of least squares to the equation 

R 
1 + ae-'P 

where R is the ratio of the volume of the 
interspace to its maximum volume, a is a 
constant that determines the y intercept 
at zero pressure difference, 3 is the stiff- 
ness constant for the lateral cell mem- 
branes, and AP is the hydrostatic pres- 
sure difference across the epithelium. 
7 APRIL 1978 

Table 1. Mean widths (? S.E.) of 23 lateral 
intercellular spaces of Necturus gallbladder 
epithelium at 2-tam intervals of depth from the 
tight junction to the base of the cells. 

Depth Interspace width 
(tLm) (tm) 

0 0 
2 0.238 + 0.063 
4 0.322 ? 0.082 
6 0.560 ? 0.125 
8 0.815 ? 0.163 

10 0.980 + 0.187 
12 1.134 + 0.201 
14 1.345 + 0.205 
16 1.343 + 0.215 

This equation is an approximation to the 
pressure-volume characteristics of a 
thin-wall elastic tube (18). The line in 
Fig. 8 is the least-squares fit of this func- 
tion to the data points. Six interspaces 
were analyzed at all six hydrostatic pres- 
sure differences with the tissue bathed in 
chloride Ringer solution. The parameter 
values (mean + S.E.) are a = 2.4 + 1.1, 
/3 = 0.25 + 0.03 (cm-H20)-', and aver- 
age correlation coefficient = .81. The 
distension of the lateral spaces on appli- 
cation of serosal pressure could be due 
either to filtration of serosal fluid into the 
spaces or to pressure-induced blockade 
of the exit of fluid transported by the 
cells. Since fluid transport by the cells 
could result in a pressure within the in- 
terspaces different from that in the bulk 
solution, the compliance curve was also 
determined in the absence of fluid trans- 
port-that is, with the gallbladder bathed 
in sulfate Ringer solution (19). The dila- 
tation of the lateral spaces by changes in 
transepithelial hydrostatic pressure ob- 
served in sulfate Ringer solution must be 
due to filtration of serosal fluid across the 
basement membrane and connective tis- 
sue. For the lateral membranes of the 
cells in sulfate Ringer solution / = 
0.38 ? 0.05 (cm-H20)-', (N = 5), a = 
8.6 + 3.1, and average correlation coef- 
ficient = .97. These values indicate that 
the lateral intercellular spaces are highly 
compliant structures whose dimensions 
are dramatically changed by small hy- 
drostatic pressure differences (20). A 
comparison of control interspace volume 
in chloride Ringer solution with the 
compliance curve measured in sulfate 
Ringer solution also allows an estimate 
of the transepithelial hydrostatic pres- 
sure equivalent to active fluid trans- 
port. The dilatation of the interspaces ac- 
companying fluid transport in chloride 
Ringer solution is approximately equal to 
that produced by a transepithelial hydro- 
static pressure gradient of 3.2cm-H20 
(serosa greater than mucosa). 

It is apparent that in the absence of a 

hydrostatic pressure difference, lateral 
intercellular spaces are clearly visible in 
Necturus gallbladder only during fluid 
transport, an observation in good agree- 
ment with previous electron microscopic 
evidence. The dilatation of the spaces in 
response to small hydrostatic pressure 
differences shows that alterations in lat- 
eral space morphology may be readily 
achieved by slight variations in trans- 
epithelial physical factors. Since such 
small transepithelial hydrostatic pres- 
sure differences have been shown to re- 
verse net fluid flow (21), the link between 
epithelial fluid transport and the size of 
the lateral intercellular spaces is further 
strengthened. 
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Laboratory of Kidney and Electrolyte 
Metabolism, National Heart, Lung, 
and Blood Institute, 
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In marine invertebrates, the egg jelly 
coat often shows physiological activity 
and plays an important role in fertiliza- 
tion. In sea urchins, egg jelly induces the 
acrosome reaction (1), sperm agglutina- 
tion (2), and acceleration of sperm respi- 
ration (3). The first of these is an indis- 
pensable step for fertilization since the 
egg plasma membrane can fuse only with 
the membrane of the acrosomal process, 
which is newly formed during the acro- 
some reaction (4). However, the mean- 
ing, if any, of the phenomenon of sperm 
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Fig. 1. (a) Elution profile of 
crude egg jelly from a Seph- 
adex G-100 column. Abbrevi- 
ations: V0, void volume; Vt, 
total volume. (b) Elution pro- 
file of fraction J2 from a 
DEAE-Sephadex A-25 col- 
umn eluted with a concave 
gradient from 0.5M pyridine, 
0.25M acetic acid buffer (pH 
5.2) to 1.OM pyridine, 0.5M 
acetic acid buffer (pH 5.2). 
(.........) Absorbance at 280 nm; 
(--) sugar content as deter- 
mined by phenol-sulfuric acid 
methods. 
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agglutination is unknown. The fertilizin- 
antifertilizin theory (5) describes the ag- 
glutination reaction as a binding, like 
that of an immune reaction, between 
specific substances on the gamete sur- 
faces. We think that the attachment of 
the sperm to the jelly surface initiates the 
interaction between the two gametes, 
and that sperm agglutination may reflect 
only this initial interaction. 

Egg jelly consists mainly of glycopro- 
tein. That of sea urchins contains sialic 
acid (6) and fucose sulfate (7) as the main 
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sugar components. Ishihara and Dan (8) 
have suggested the existence of frag- 
ments which induce the acrosome reac- 
tion but not sperm agglutination. A 
mucopolysaccharide-protein complex 
from starfish egg jelly has been obtained 
by phenol extraction (9). Which part of 
the egg jelly induces the acrosome reac- 
tion or sperm agglutination is still not 
known. Also it is not known whether 
sperm agglutinin and the acrosome reac- 
tion-inducing substance are identical to 
each other and what the chemical struc- 
ture of the active substance is. We have 
succeeded in isolating the sperm aggluti- 
nin, free from the acrosome reaction-in- 
ducing substance, from the egg jelly of 
the starfish Asterias amurensis. 

Suspensions of eggs, obtained by 
treating the ovaries with 1-methyl- 
adenine (10), were centrifuged at 6000g 
for 20 minutes, and the supernatant was 
used as the crude egg jelly. This was ap- 
plied to a Sephadex G-100 column and 
separated into Jl, J2, and J3 (Fig. la). 

Spermatozoa, which had been washed 
with seawater containing 1 mM histidine, 
were diluted with 100 volumes of sea- 
water. An equal volume of each fraction 
and a diluted sperm suspension were 
mixed and observed under microscopy. 
Only J1 induced the acrosome reaction 
and only J2 induced the sperm agglutina- 
tion (Table 1 and Fig. 2). Fraction J3 also 
showed a weak agglutinating activity be- 
cause of an overlap with J2, the sperm 
agglutinin; sperm agglutinin and the 
acrosome reaction-inducing substance 
are different from each other (Fig. 1). 
The sperm agglutination by jelly is irre- 
versible in the starfish, whereas it is re- 
versible in sea urchins. The agglutination 
caused by J2 was also irreversible. 

The J1 fraction was separated on a 
Sepharose 4B column into subfractions 
consisting largely of (i) methylpentose- 
rich glycoproteins and (ii) hexose-rich 
glycoproteins. 

The J2 fraction was undialyzable, but 
on Sephadex G-100 or G-50 it behaved as 
a small molecule; J2 has some affinity to 
Sephadex, a characteristic of many aro- 
matic compounds. By ion-exchange col- 
umn chromatography on DEAE-Seph- 
adex A-25, J2 was separated into three 
fractions, one of which (2-2 in Fig. lb) 
had agglutinating activity and contained 
a peptide moiety. 

This sperm agglutinin was further puri- 
fied by partition between n-butanol and 
0.1M citrate buffer (pH 3.6). The aggluti- 

sugar components. Ishihara and Dan (8) 
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mucopolysaccharide-protein complex 
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the egg jelly induces the acrosome reac- 
tion or sperm agglutination is still not 
known. Also it is not known whether 
sperm agglutinin and the acrosome reac- 
tion-inducing substance are identical to 
each other and what the chemical struc- 
ture of the active substance is. We have 
succeeded in isolating the sperm aggluti- 
nin, free from the acrosome reaction-in- 
ducing substance, from the egg jelly of 
the starfish Asterias amurensis. 

Suspensions of eggs, obtained by 
treating the ovaries with 1-methyl- 
adenine (10), were centrifuged at 6000g 
for 20 minutes, and the supernatant was 
used as the crude egg jelly. This was ap- 
plied to a Sephadex G-100 column and 
separated into Jl, J2, and J3 (Fig. la). 

Spermatozoa, which had been washed 
with seawater containing 1 mM histidine, 
were diluted with 100 volumes of sea- 
water. An equal volume of each fraction 
and a diluted sperm suspension were 
mixed and observed under microscopy. 
Only J1 induced the acrosome reaction 
and only J2 induced the sperm agglutina- 
tion (Table 1 and Fig. 2). Fraction J3 also 
showed a weak agglutinating activity be- 
cause of an overlap with J2, the sperm 
agglutinin; sperm agglutinin and the 
acrosome reaction-inducing substance 
are different from each other (Fig. 1). 
The sperm agglutination by jelly is irre- 
versible in the starfish, whereas it is re- 
versible in sea urchins. The agglutination 
caused by J2 was also irreversible. 

The J1 fraction was separated on a 
Sepharose 4B column into subfractions 
consisting largely of (i) methylpentose- 
rich glycoproteins and (ii) hexose-rich 
glycoproteins. 

The J2 fraction was undialyzable, but 
on Sephadex G-100 or G-50 it behaved as 
a small molecule; J2 has some affinity to 
Sephadex, a characteristic of many aro- 
matic compounds. By ion-exchange col- 
umn chromatography on DEAE-Seph- 
adex A-25, J2 was separated into three 
fractions, one of which (2-2 in Fig. lb) 
had agglutinating activity and contained 
a peptide moiety. 

This sperm agglutinin was further puri- 
fied by partition between n-butanol and 
0.1M citrate buffer (pH 3.6). The aggluti- 
nating activity was recovered in the n- 
butanol layer. These two fractions were 
separated by thin-layer chromatography 
(TLC) on Kieselgel 60 (Merck) devel- 
oped in a system consisting of chloro- 
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Reaction-Inducing Substance in Egg Jelly of Starfish 

Abstract. The egg jelly of the starfish Asterias amurensis was separated into the 
fractions Jl, J2, and J3 on a Sephadex G-100 column. The Jl fraction induced the 
acrosome reaction andJ2 induced sperm agglutination. Chemical analysis and chro- 
matography revealed that sperm agglutinin is similar to asterosaponin A. 
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