Table 1. Effect of extracts of unlabeled Hel.a
cells on distribution of labeled lymphocyte
material in the sucrose gradient. Released
polypeptides, 0-45S; single ribosomes, 45-
130S; polyribosomes, 130-300S.

Radioactivity in sucrose

Hel.a .

colls gradients (%)

added 0-45S  45-130S  130-300S

Released polypeptides™

0 99 1 0
+ 98 2 0
Polypeptides attached to single ribosomest
0 18 80 2
+ 10 82 8

* The labeled lymphocyte polypeptide chains were
obtained from the top of a gradient in which
labeled lymphocyte material had been run in
the absence of HelLa cytoplasm. 1 Single
ribosomes were obtained from the 60-80S portion
of the aforesaid sucrose gradient.

the presence of unlabeled HeLa cell
cytoplasm and analyzed (legend Fig. 3).
Five hours of actinomycin treatment
caused a 63-percent decrease in poly-
ribosome-associated protein synthesis,
whereas 7 hours of treatment resulted
in an 83-percent reduction.

These experiments show that extracts
of hyperimmune lymph node cells can
cause the breakdown of HeLa cell
polyribosomes, presumably by ribo-
nuclease activity which has been de-
tected in lymph node cell lysates. The
presence of ribonuclease activity may
explain the results of other investiga-
tors who have reported that protein
synthesis in rabbit spleen cells is as-
sociated with single ribosomes and
small aggregates (6).

When the breakdown was prevented
by the addition of a large amount of
Hel.a cell cytoplasm, nascent C4-
labeled polypeptides in hyperimmune
lymph node cells were associated with
the polyribosome area of sucrose gra-
dients. Two additional facts suggest that
the observed radioactivity reflects poly-
ribosome-mediated protein synthesis:
(i) when exogenous ribonuclease is
added to lymphocyte HeLa cell cyto-
plasm mixtures there is a shift of TCA-
precipitable radioactivity from the poly-
ribosome area of the sucrose gradient
to the fractions occupied by the single
ribosomes; this suggests that the lym-
phocyte single ribosomes are held to-
gether by a ribonuclease-sensitive struc-
ture. (ii) Addition of actinomycin D
to cell suspensions causes a marked
decrease in incorporation of amino
acids in the material in the polyribo-
some region of the sucrose gradient.
This corresponds to the decrease in
total protein and y-globulin synthesis
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in these cells after actinomycin treat-
ment (/5).

Since approximately 30 percent of
the total protein made by the cells in
these experiments is identifiable im-
munologically as y-globulin (/5) and
since virtually all nascent protein is
formed on polyribosomes, it can be
concluded that y-globulin synthesis oc-
curs on polyribosomes. This was con-
firmed by immunological identification
of y-globulin polypeptides associated
with ribosomes. Thus, the translation
step of y-globulin synthesis occurs on
large aggregates of ribosomes held to-
gether by a ribonuclease-sensitive struc-
ture. This ribonuclease-sensitive struc-
ture is presumably mRNA, but this
can only be proved by detailed studies
of its synthesis and physical-chemical
characteristics.
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Respiratory and Electrical
Responses to Light Stimulation
in the Retina of the Frog

Abstract. Isolated retinas from frogs’
eyes were preserved in a circulating
medium; transretinal electrical poten-
tial and ultraviolet absorbancy were
monitored. In response to visible stim-
ulation, changes in absorbancy were
observed which correlate with the c-
wave of the electroretinogram. They
are tentatively identified as cyclic oxi-
dations of pyridine nucleotides reflect-
ing the energy expenditure associated
with evoked neuronal activity.

The isolated retina in a perfusion
system can be kept responsive to ade-
quate stimulation and be subjected to
various experimental procedures under
stationary conditions for several hours
(7). Specific requirements for opti-
mum survival, tolerances toward con-
trolled deviations, and changes in the
perfusate effected by the retina pointed
to the importance of energy vyielding
processes in the generation of the elec-
troretinogram (ERG) (2). Therefore,
an analysis for respiratory pigments
seemed indicated on account of their
role in intermediary metabolic reac-
tions and of the speed of their spectro-
scopic detectability (3).

Diphosphopyridine nucleotide (DPN)
was the first pigment sought. Its
reduced form, DPNH, exhibits strong
absorption at 340 nm with a re-
sulting emission of bluish fluorescence.
It was hoped that the analyzing pro-
cedure would not interfere with visual
excitability (4). Preliminary experi-
ments, however, showed that the iso-
lated retina does respond electrically
to flashes in the near ultraviolet region
of the spectrum. Thus analyzing with
beams of low intensities was manda-
tory. Because many substances in the
retina are strongly fluorescent, giving
a large background of steady fluores-
cence, it was not possible to detect
changes in DPNH by changes in fluo-
rescence. However, changes in ultra-
violet absorption as a result of stim-
ulation in the visible range could be
measured easily.

In dim red illumination frog retinas
were isolated from opened, submerged
(5) eye cups and clamped at their
peripheries to a tantalum grid which
occupied the central opening of a black
plastic support (Fig. 1, inset). The
support also carried fluid and electrical
connections into a modified tissue cul-
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ture chamber and divided it into two
compartments. Both halves were per-
fused in series at a rate of approxi-
mately 5 ml/min at room tempera-
ture. Silver ring electrodes in both
compartments served to record the
ERG from the bathing fluid.

In the optical system (Fig. 1) the
retina was exposed to both an ultra-
violet-analyzing and a visible-stimu-
lating (and adapting) beam. From a
deuterium arc driven by a stabilized
power supply a suitable wavelength
was chosen by means of a grating
monochromator and directed through
the retina onto and filling the head-on
surface of a photomultiplier. A cover
glass having a known absorption in
the wavelength region of interest could
be inserted for calibration. In the re-
verse direction (generally from the
vitreous side) the retina could be stim-
ulated and light-adapted. An ultravio-
let transmitting filter in front of the
photomultiplier and an ultraviolet re-
jecting filter in the combined path of
the visible light prevented the stimulat-
ing light from being seen by the multi-
plier.

The photomultiplier was connected
to a photometer (6) with highly stabi-
lized high-voltage supply and feedback-
amplifier. A compensating current bal-
anced the photocurrent which resulted
from the ultraviolet light transmitted
during the resting state of the prepara-
tion. Hence, only changes in the
amount of light received. on stimulation
appeared at the output.

Photometer output and amplified
ERG were displayed on a dual chan-
nel, heated stylus recorder. Recorder
operation and magnetic timing of stim-
ulation were programmed by a series
of wave-form generators. In general,
single flashes of one to several seconds,
or trains of 1-second stimuli with equal
dark intervals were applied every 3
minutes. Stimulus intensities at 574 nm
and the intensity of the analyzing beam
at 340 nm at the retina were of the
order of 10—% watt/cm2 The retinas
were exposed to the ultraviolet light
throughout the experimental periods.

Electrically and optically recorded
responses to a 6-second light stimulus
are shown in Fig. 2a. The ERG shows
after a short latency a small (vitreous
side) negative deflection (a-wave) im-
mediately followed by a positive b-
wave and at the end of the flash a
renewed positive reaction (off-effect; d-
wave). The polyphasic shape of the
response can be analyzed into simple
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components: a delayed monophasic
mirror image to the stimulus [negative
at on, positive at off; P Ill according
to Granit (7)] and positive transients
(P 11) following either P 1lI-deflec-
tion. The proportions of the compo-
nents are determined by the light situa-
tion, P II prevailing in dark adapta-
tion. The adapting effect of the con-
tinual ultraviolet irradiation appears to
be small. The simultaneously recorded
optical response consists of transitory
increases of the transmitted ultraviolet
light both at onset and end of the
stimulus light. Both types of response
are graded according to the stimulus
parameters and both saturate in uni-
son. The proportions of the optical de-
flections at on and at off, respectively,
appear to be equal to the electrical de-
flections, their peak values occurring at
a later point.

Not reflected in the conventionally
capacitor-coupled electrical recording
of Fig. 2a (time constant: 1 second)
are slow components, for example the
positive c-wave (P I), which accom-
panies P II and is strongly marked in
dark adaptation; P I outlasts short stim-
uli and exhibits summative behavior.
In the experiment of Fig. 2b a train of

%ﬁiﬁ—@

stimuli was followed by an equal period
of continuous illumination. The elec-
trical response, recorded with an ef-
fective time constant of 10 seconds,
displays a high initial b-wave followed
by individual ERG’s of smaller size
superimposed on a positive potential
change (P I). On cessation of flicker
the electrical trace returns to the base
line to show a renewed strong reaction
at off. The optical response exhibits
summation of transmission increments
that occur as long as the flicker-
ing of the stimulus light is continued.
Steady illumination allows the optical
trace to return slowly toward the base
line. The renewed reaction at off is de-
pendent in its magnitude on how nearly
complete this return is, as is any later
evoked electrical or optical response.
Analogous absorption changes on in-
duced physiological activity both in
magnitude and direction have been ob-
served in muscle (8) and have been
interpreted as oxidation of DPNH,
initiated by the utilization of adenosine
triphosphate with resulting electron
flow to oxygen and restoration of high-
energy phosphates. Identification in the
functioning retina of DPN as the sub-
stance undergoing changes in its oxi-

Fig. 1. The optical system. From a deuterium source (upper left, proceeding to the

right) an ultraviolet beam after filtering
chamber (expanded view shown as inset),

(monochromator) traverses the perfusion
a semitransparent 45° mirror, an ultra-

violet transmitting filter and impinges upon the cathode of a multiplier tube, the
photocurrent of which is balanced (positive supply); transients are further amplified

and displayed on a recorder (top right).

A tungsten filament lamp (lower Ileft)

supplies visible light for stimulating (magnetic shutter interposed) and adapting

beams which are separately controlled in i
interference filter), and are reflected into
center) tissue culture chamber sealed by
rubber O-rings (1 mm working distance),
support. Centrally, in the plastic support, a
clamped retina, surrounded by silver wire

ntensity and jointly band-limited (574 nm
the preparation. Inset: (from outside to
cover glasses (25 mm in diameter) and
modified to accommodate (center) plastic
surgical tantalum grid bears the circularly
electrode, which terminates—together with

identical electrode of other side and ground connection—with a rubber cushion
on the upper end of the support. Opposite bore holes are for inlet and outlet of
perfusate; an overflow is located near upper end.
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Fig. 2. Optical response (upper trace; decreased 350 nm absorption upward) and

electrical response (vitreous side positive upward) of the frog’s retina to single
flash (a), and flicker and steady illumination (b). Stimulus 574 nm; 10 watt/cm?;
stimulation indicated by marks on time track. The electrical responses were recorded
with a 1- and a 10-second time constant, respectively.

dation-reduction state was approached
in the following ways.
1) Primary photochemical events

the observed phenomena. The optical
effects occur (Fig. 2a) equally when
the stimulus light is increased or de-

creased. Sustained visible illumination
(Fig. 2b; twice as high in amount as

in visual pigments of receptor cells
can be excluded as possible causes for
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Fig. 3. (4, b, and ¢) Environmental influences on optical (upper trace) and electrical
(middle trace) responses to light stimulation (bottom trace). («¢) Normal and
raised potassium concentration; (b) re-exchange of glucose (5 mmole/lit.) for suc-
cinate (7 mmole/lit.); (¢) before and during .administration of 10-' mole/lit. sodium
azide; (d) simultaneous exhaustion of the optical and electrical light response on
double stimulation. The c-wave that follows the fast rising P I in this experiment
was exaggerated by increased pH (8.1) of the perfusate.
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in the preceding flicker period) causes
the removal of the absorption changes.
The triggered character, furthermore,
of the optical as well as the positive
electrical processes indicates that both
take place at a more proximal site.
Besides, similar absorption changes can
be elicited electrically. Thus bleaching
of photosensitive pigments does not ac-
count for the changes in optical
density.

2) To exclude the possibility that the
changes in transmitted light were caused
by changes in scattering due to swell-
ing or shrinkage of mitochondria (9)
rather than by changes in absorption,
the following experiment was per-
formed. The light path between prep-
aration and photomultiplier was al-
tered in that it was enveloped in an
ellipsoid-shaped mirror, the retina and
the photosensitive surface of the pho-
tomultiplier tube occupying the focal
points, and the directly transmitted ul-
traviolet light was excluded by a stop
from falling onto the multiplier. In
this way, stray light from some solid
angle could be collected and funneled
into the photocell. This was found to
be similar in magnitude to the directly
transmitted light. Changes in the scat-
tered light that occurred on stimulation
were smaller and equal in sign to those
found directly. Thus scattering seems
to play a minor role, if any.

3) A spectral characterization of the
absorbancy changes was performed
with single flashes or trains of
stimuli being delivered every 3 min-
utes and the ultraviolet wavelength
being changed every other time. Com-
parison was made by adjusting photo-
multiplier gain or analyzing beam in-
tensity, or both, for equal resting out-
put and additionally calibrating the
evoked percentage changes in density
against the spectrally known cover
glass. Equal electrical response indicat-
ed equal amount of induced activity.
The results obtained showed that the
optical effects do peak near 340 nm;
half-maximal values were found at 320
and 380 nm.

4) The following examples of a
chemical characterization were selected
from experiments in which the respec-
tive constituents had been added to or
exchanged in the perfusate for a suf-
ficient length of time to result in a
stationary response behavior. (i) It
had been noticed earlier that for the
ERG an optimum potassium concen-
tration exists. But, whereas the effect
of excess K (known to remove the b-
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wave and used to isolate P III) is
readily reversible, that of lack of K is
not. Impairment of function by excess
K suggests a membrane effect; the min-
imum requirement points to its partici-
pation in some other limiting reaction,
examples of which are the kinase re-
actions catalyzing the initial phosphoryl-
ations of glucose. The recording in Fig.
3a shows that a threefold increase in
K clearly diminishes the b-wave, but
it unmasks a subsequent positivity and
even increases the optical change, sug-
gesting the relief from a bottleneck
above the system analyzed. (ii) Succi-
nate as a substrate in some biochemi-
cal systems is known to bypass DPN
and feed in electrons at a later stage
of the respiratory chain with reduced
yield in energy, part of which can be
utilized to reduce DPN (1/0). On re-
placing glucose in the medium by suc-
cinate, much of the electrical response
is maintained. The optical response,
however, is completely lost and even-
tually reverses its sign, as if the system
under study were driven backwards.
These effects, too, are completely
reversible (Fig. 3b). On the con-
trary, the resting absorption decreased
markedly on adding succinate, with a
concomitant change in the resting elec-
trical potential difference. The transi-
tory absorption increase on stimula-
tion thus seems to require and trap
energy when available. (iii) A fre-
quently used means of enhancing spec-
troscopic effects in respiratory carriers
is the addition of nonlimiting concen-
trations of azide, which slows down the
flow of electrons just before they reach
the oxygen (7/1). In the ERG, azide
has been shown to augment the c-wave
(72). Figure 3c shows the combined
effects.

On the basis of these results T feel
justified in tentatively identifying the
stimulus-induced absorption changes
as cyclic oxidations of pyridine nucleo-
tides that parallel - slow-wave activity
of the retina. Specifically, it is the com-
ponent P I of the ERG that most
closely reflects the respiratory process-
es. This has been found in their quanti-
tative correlation on graded stimula-
tion, in their summating properties
(Fig. 2b) under limiting (Fig. 3a) as
well as facilitating (Fig. 3¢) condi-
tions, and can be demonstrated in their
simultaneous exhaustion (Fig. 3d). The
determining role on retinal excitability
of slow electrical processes has long
been recognized (7) and has recently
been demonstrated in the isolated hu-
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man retina (/3). It seems substantiated
by the measurements reported here.
This work appears to introduce
knowledge on respiratory control mech-
anisms for the interpretation of bio-
electrical slow-wave activity and dem-
onstrates the manifestation in this
preparation of oxidation-reduction states
in measurable potential differences.
WERNER SICKEL*
Department of Biophysics,
Johns Hopkins University,
Baltimore, Maryland 21218
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Electroretinogram in Newborn Human Infants

Abstract. The electroretinogram of the newborn human shows the x-wave com-
ponent which was demonstrated by Adrian and others to be a concomitant of
photopic visual function in the adult. This finding may provide electrophysiological
support for behavioral observations indicating that infants have some color vision

and ability to resolve visual stimuli,

Evidence has accumulated from sev-
eral recent studies which suggests that
the human visual system is more high-
Iy developed at birth than was once
realized. In 1962 Fantz, Ordy, and
Udelf (1) reported that infants under
1 month of age fix their eyes upon
stripes subtending a visual angle of
about 40 minutes of arc. Their re-
sults correspond roughly to visual acui-
ty ratings in the newborn obtained by
Gorman, Cogan, and Gellis (2) in their
study of opticokinetic responses. Re-
cent work by Dayton and his co-work-
ers (3) indicates that some newborns
show a well-developed fixation reflex
and can resolve stripes subtending only
7.5 minutes of visual angle, the equiv-
alent in Snellen notation of 20/150
vision. As early as 1932, Staples (4)
demonstrated that 3-month-old infants
tend to look at colored rather than
gray papers equal in brightness. Also,
Berlyne (5) and Fantz (6) have ob-

served that infants fixate patterned
stimuli longer than homogeneous
fields.

Early work with the electroretino-
gram (ERG) of human infants has
not confirmed the degree of visual de-
velopment indicated by these behav-
ioral studies. Zetterstréom (7) was the
first to find electroretinograms in hu-
man infants. She reported scotopic b-
waves of long latency and very low
amplitude appearing within the first 3
days of life in full-term infants. By 8
weeks of age the wavefornis and laten-
cies became comparable to those of
adults. Combined data on premature
and full-term infants showed a posi-
tive correlation between birth weight
and appearance of the ERG (8). In
contrast to this, Horsten and Winkel-
man (9) found that both negative a-
waves and positive b-waves of low
amplitude but with adult characteris-
tics were present in both premature
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