verse a neonatl tissue formerly believed
to transport only maternal antibodies.
Thus, selective transport of [gG-antigen
complexes represents i possible mecha-
nism for entry into the neonate of a wide
varicly of antigens. We must therefore
consider the transmission of immune
complexes as an exiremely imporiant,
possibly frequent event that may influ-
ence the development of immoene capa-
bility.
DaLE B, ABRAHAMSON
ALvin POWERS
RicHarn RoDEwALDR
Drepartment of Biclogy, University of
Virginia, Charlaostesville 22007
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Strong Electrical Currents Leave the Primitive

Streak of Chick Embryos

Abstract. The electrival fieldy above clhick eombryos were explored with @ wilbraring
jrrcebe, These fields indivate thar steoady correnis with exit densities of the order aof 100
wilcroamperes per Sqiare centimeter leave the whole streak and return elsewhere
throupk the eppblase, The eplventer of these strong exit currents les near Hensen's
nodde. They are prabably pumped into the imtracmbryonic space by the epeblast amd
then leak ouwt of the streak becanse 1t 1y a cone of junctional diseupiion,

Recent explorations with & vibraiing
probe show that & wide varniety of devel-
oping systems drive strong steady elec-
trical currents through themselves ().
Currents of 110 100 gA/cm® traverse de-
veloping systems from a level as simple
as an algal egg (2} through one as com-
plex as the regenerating stump of a newl
limb ). Moreover, substantial evidence
indicates that these currents—or at least
some of them-—act back to affect devel-
opment @), However, an important in-
termediate stage of developing system—
which may be roughly called the epithe-
lial one—has not been explored. We now
report & first exploration of develop-
mental currenis at this stage —specilical-
Iy, through the early chick embryo, At
the primitive streak stages, the embryo
consists largely of two fat epitheli sepa-
rated by a parrow intraembryonic space.
The upper sheet, or epiblasi, contains a
- to 2-mm long groove (the primitive
streak) through which epiblast cells enter
en route to forming all, or almost all, of
the internal tissues. We have found that
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stromg steady currents pour out of the
whole  streak  and  return  elsewhere
through the epiblast. In the measurement
plang. 0.2 mm above the epiblast, cur-
rent densities of up to 10 o 20 gAcm?®
were found: ones on the order of 100 @A
cm® are estimated to leave the streak.
Large pieces of vitelline membrans
with an adherent embryvo were peeled off
the yolk and explamted, right side up, in-
to & measurement chamber sccording to
a modilcation of Nicolet and Gallera’s
method (5] together with Jaffe and Nuc-
citelli's vibrating probe fechnigue (8),
The explani was supporied on a dense,
inert odl (Mediflor, Minnesota Mining
and Manufacturing) and covered with a
laver of thin albumen {of 92 ohm-cm re-
S0Vt ) in tern covered with a light non-
toxie ol (Klearol, Witco). The probe’s
meniscus setier was placed at the upper
waler-ofl interface. The preparation was
maintained at 38°C, Typical signals were
0.3 to 3wV root-mean-square noise lev-
cls {with a |0-second time constant), (.02
u vV, We visualized the top surface of the

20 1o 40-pm thick vitelline membrane by
depositing upon it some 10 pm of crys-
tals of the rore earth oxide, Barnesite
{which is sold for lens grinding). We
studied a dozen explants and succeeded
in exploring the patterns of tangential
currenis above three of them dunng
sircak stages 3 to 3. These all seemed rel-
atively healthy simce theyv later formed
several pairs of somites, & well-formed
hewd fold, and a neural tube.,

Figure 1 shows a scan of the current
component flowing across the streak.
The direction of the current reversed
sharply above the streak. with cerrent
flowing away from both sides of it, This
ouwtward current reached 3 peak density
of 8 o 10 gAdem? af 0.1 1o 0.2 mm from
the streak and then continued, with di-
minishing intensity, out fo 1 mm from the
streak. Farther out, toward the edees of
the explant, the current reversed direc-
tion again, so that it returned from these
cdges. We obtuined similar results from
all of the seven simular scans made
acress various levels of the streak ifrom
front to rear) of the three explanis suc-
cessfully explored, They indicate (hat
current leaves the whole streak (as well
as the periphery) and returns clsewhere
through the epiblast (Fig. 1070,

Scans of the cross component were al-
so made in several vertical lines extend-
ing throwgh vanouws points, particularly
the circled point of peak density, shown
in Fig. 1A, This curve (oot illusirated)
fell steadily from 16 wA'cm® at 015 mm
above the embryo’s top surface o 11
pAem® at 0.2 mm, & pA'em® at 0.3 mm,
and 3 pAsem® at 0.5 mm; this is about the
shape predicted by potential theory, In-
tegration of this curve indicates that
about 1 wA leaves cach centimeier
length of the streak. If we assume that
current leaves astrip about 0.1 mm wide,
it leaves with a density of the order of
[} e Ao,

Figure 2 shows a scan of the current
component fowing parallel to the streak
and within a line just above the streak,
Current direction reversed sharply abow
2 mm behind the front end of the
streak, that is, behind Hensen's node.
Current Aowed away from all sides of
this central reversal point or epicenter—
forward 1o the most anterior point ex-
plored (1.2 mm in front of the node) and
backward 1o the most posterior pomnt ex-
plored (0,6 mm behind the rear end of the
streak) as well as laterally. The densest
forward current (25 pAcm®l lay just pos-
terier to Hensen's node, and two similar
peaks of backward current lay just poste-
rior to the epicenter and just posterior W
the caudal end of the streak. Figure 2A
also shows the parallel component with-
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in two limes that cross the streak: The
densities of both foreard and backward
current fell steadily on both sides of the
streak, decreasing by half a few tenths of
a millimeter away. We obtained similar
results from all of the four similar scans
mixde above the three cxpliants success-
lully explored. Howewver, in two of
these, the scan was extended farther;
abowt T mm anterior and posteror (o Lthe
streak, we Tound outer reversal points
with current returning from the periph-
ery a% Im the crosscurrent scans. There
was also some indication of & forward
shilt of the epicenter duning develop-
ment. In the stage 3 embryoe studied, it
lay .3 mm behind Hensen's mode; in the
stage 4 embryo {Fig, 2k, 0.2 mm belind
the mode; and in the stage 5 embrya, 0.1
mm i front of it.

Altogether, these measurements of the
parullel component are lully consistent
with the main inference dravn from
cross-compenenl  measurements:  The
whole streak is a current source, More-

; 1mm
10wk fom?

20

C R

over, the anferior position (and sharp-
nesst of the reversal zone as well as the
double peak of backward current all in-
dicate that the strongest curren! source
ligs mear the node, In other wornds, one
can upderstand the curve in Fig. 2B as
the sum of the curremis from a sirong
point source below the epicenter and a
slit source. These inferences are also
consistent with some old measurements
of Romanoll (71, who drained off the al-
bumen, explored the serlace potentials
al |t 2 mm intervals over the blasto-
derm, and found the nodal region 0 he
most electropositive.

Since the (presumably) loose periph-
ery of the explant was also a current
soiree, we suggest that current leaks out
of the embryo and is pemped back into
it. This hypothesis is also consispent with
the epiblast’s structurg. Most of it looks
like a transporting epithelium (23, with a
polanzed array of organelles within ils
columnar cells amd  lanthanum-imper-
meahle. many-ridged zonulae oceludens

bBetween them. Moreover, these sonulae
bear  swollen, “pillowlike'  compart-
ments, which are reported 10 accompa-
ny osmotic fow through other epithe-
lia %, Fi); at least by later stages. the
embrye pumps waler from the albumen
o the space below it (7). Within the
streak, however, most zomalae must he
disrupted as the epiblast cells migrate in
o become loosely connected mesen-
chyme cells; indeed ragments of 2o-
nulae are seen on these latter (%), More-
over, cell movement along the epiblast,
particularly  mear the mode, may  well
shear tight junctions in or near the streak
(72} We therelore predict that the chick
epiblast, like the rabbit trophectoderm
after day 70030, will prove to maintain a
substantial positive willage within the
cavity it covers,

In addition o indicating zones of june-
tipnal disruption, these strong owtweard
currents may well act back to control, 1o
further, or even to organize develop-
ment. As they escape through the streak,
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Fig. 1 ilefti. The pattern of current that Aows across the streak (5) of embryo % during stage 3, measured in a horizontal plane 0.2 mom above the
epiblast (50, (A Map of a scan across the middle of the streak together with all measurements made nearby. The skeich of the embryo wis made
by adjusting the Hamburger and Hamilton {15) stage 3 photograph o the dimensions of the living one observed. (B) Graph of the main scan, As
the arrowheads on the abscissa indicate, positive values indwate current going right, and negative ones show current going beft, (C) Dizgram of

inferred corrent pattern in a cross section through the streak. The thickness of the embryo 3 exaggerated.

Fig. 2 (right). The pattern of

current that Aows along the stresk of embrvo 4 during stage 4, measured in a plane 0.2 mm above the epiblast, (A) Map of a scan along the streak
tergether with all measurements made nearby. &, Hensen's node. (B) Graph of the main scan. Positive values indicate current going right {toward
the Tront end of the embryod aml negative ones, current going keft. The dashed line goes through the central reversal point or epicenter.

Rl

SCIEMCE, WO, 206



they probably establish enough vollage
aeross some ngressing cells—only 1 to
1 % 18 needed —to redistribute charge
compoenents Aoating in therr membranes
and markedly affect their behavior (74}
a% they are pumped through the epiblast,
they may establish significant transcyto-
plasmic gradients {15); and as they tra-
verse the intraembryonic space, they
may establish significant extracellular
pradients. With this in mind, certain ex-
periments involviog ihcisions in the epi
blast may now be tentatively reinger-
preted, Long ago. Morita reported that a
cut through the prestreak blastoderm
can mnduce a whole extra embryvo (o
form (/4), More recently, Lipton and Ja-
cobson reported that appropriate culs
through the stage 3 embryo permit som-
ite and heart formation despite the ab-
sence of node and notochard (/7). Per-
haps these cuts act al least in part by arti-
ficially producing current leaks
LioneL Fo JaFFE

Dheguarimeny of Bioloegical Seiences,
Purdne University,
Wesr Lafuvetre, Indiana 47907

Cravpes 1 STERN
Dyeportmvend of Awatomy and
Embrvodogy, Universiiv Collepe
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Bees Have Rules

Absteet, Hosev bees Frogueonily dance with some view of the sbv, orignring e
sefvey fo e o o el parreens of polaFized shvlighr. Thiee now copventions
Nave been discovered in the donce longuage which gre wsed in these clrcumsiances
rer ellmdngre porenniel gmbipuity in the dases message.

Upon discovering a food source, a for-
aging honey bee can compute her dis-
tance and direction from the hive (F).
This directional information can be en-
coded into a dance that specifies the lo-
cation of the food (2. Normally, dances
are performed on a vertical comb of the
dark hive such that the dance angle wath
respect to vertical (up) is the same as the
horizontal angle between the sun and the
food () (the relative azimuth). The con-
vention of defining ““up’” as the direction
toward the sun permits recreits 1o de-
code and use the information. Likewisg,
distance 1= specified by the duration of
the wagele phase of the dance (2). Since
the communication svsiem employs “ab-
stract”™”  conventions common to the
members of & social group, Frisch and
olhers refer to it as a dance lanpaage.

[Yancing on vertical surfaces is & con-
sequence of living in imsulating  cav-
ities—a behavioral adaptation that per-
mitted Apds mellifera o move oul of the
tropics and penetrate temperate latimudes
#), Tropical honey bees perform their
dances on open clusters with & restricted
view of the sky (3), and thus seem 1o lack
the up-is-the-sun convention, On the sur-
face of swarms ) and at the bive en-
france (31, temperaie zone honey bees
often dance on a horizontal suiface

AL}

where the up-is-the-sun rule 15 useless.
since they are outdoors, the doncers on-
enl directly by cues they see in the sky:
the sun and extensive patierns of polar-
ized skylight (/, 71, As long as dancers
and dance aitenders use the same refer-
ence syslem, the language works, How-
ever. bees freguently must dance on
cloudy davs or m locations where a view
of the sky is restricted by (rees or other
landmarks. In these situations. it may
mot alwavs be easy for them (o agree
among themselves whether what they
cin see i5 the sun or sky, and, if it 15 in-
deed part of the sky, which section it is.
Mevertheless, dancers seem to resolve
possible ambiguities, and soccessfully
recruil other bees,

T study how bees do this, we turned
an observation hive hermnzontally (so that
the bees could not use the “up’™ rule
and provided an artificial light as the
only cue for dance orientation. We could
control s elevation, angulir size, inten-
sity, wavelength distribution, degree of
polarization, amd direction of polanzalion
{E-vecior onentation) (%), Bees were in-
dividually numbered at the food source.
and danced for distances of I65 o
700 m. Where appropriate, these dances
were videolaped and analvzed cvele by
cvele,

Fig. 1. Distinction be-

tween sun and sky,
Lkingcing  honew  bees

wiere  shown ane of

mare than 83 combi-
natbims  of  shimulus

Tre wngle, spectral distri-
bution, and percent.
s polarization ).
Subsequent dance
vmentabicns  revealed
whether the bees in-
terprefed the patiem
as sky o sun, or were
disorienied i i
ther™ in the figure).
ag Approximately 2450
dance eveles were re-

; cprded —at least five
ﬁﬂ cveles from each of at
W lesst five  dances
Mear the  boundary
surface between sun
juitd '-:k}-. i bheg may
exhibit both orieana-
tions, The 10 percent
polamzation boundary

&

2

.
k=
Fercant polanzaton

is based upon the data of Frisch 2, p. 403} Unpolarized UV light often elicited dance orienta-
nemz FHE from that predicted on the basis of sun ortentation, as though this situation was taken

as the antisum””
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