nin for other materials. In the treatment
of patients with septic injuries (5), fi-
bronectin might perform other functions
of clinical relevance, such as augmenting
the clearance of tissue debris or dena-
tured proteins; these other roles need
further analysis in both experimental and

clinical studies.
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Bacteria-Free Sea Urchin Larvae: Selective Uptake of

Neutral Amino Acids from Seawater

Abstract. Bacteria-free suspensions of larvae of Strongylocentrotus purpuratus
(Stimpson) were prepared without the use of antibiotics. Net rates of removal of 18
amino acids, each supplied at 125 nanomoles per liter, and the appearance of
ammonia were measured by high-performance liquid chromatography. Taurine and
acidic and basic amino acids were not taken up. Removal of neutral amino acids
from the medium occurred at rates adequate to contribute to the carbon and nitrogen
balance of the larvae at ecologically relevant substrate concentrations.

Strong antibiotic solutions have been
used in the past to produce bacteria-free
soft-bodied marine invertebrates, but the
process is lengthy and success is not
assured (/). Antibiotics may kill only
certain groups of bacteria and may actu-
ally increase total bacterial numbers by
removing interspecies competition (2).
Even if successful, the intensive use of
antibiotics may inhibit animal growth,
and the toxic effects can persist for sev-
eral weeks after the initial exposure (3).
A reliable technique has been introduced
whereby axenic marine invertebrate lar-

" vae can be obtained by taking advantage

of the fact that gametes in the gonad are
free of bacteria (4).

We have studied axenic larvae of the
sea urchin, Strongylocentrotus purpura-
tus, obtained without the use of antibiot-
ics. Adult animals were collected from
the Newport Bay area in southern Cali-
fornia. When brought to the laboratory,
they were injected with several milliliters
of 0.5M KClI to induce spawning. After

Asp

Time: O hours

Glu

Time: 4 hours

this treatment, animals continued to re-
lease gametes for at least 30 minutes.
The surface spines and tissues on the
aboral surface of spawning animals were
removed, and the cleaned area was
sprayed with 95 percent ethanol. All
reagents and equipment were sterilized
by autoclaving and aseptic procedures
were followed. The animals were hand-
held over a 10-ml beaker of MBL-seawa-
ter (Marine Biological Laboratory) (5) in
a transfer hood with the gonopores just
touching the surface of the water. The
first gametes shed were discarded. Sub-
sequent eggs and sperm obtained in this
way were sterile (6).

The possibility that marine inverte-
brates may obtain an important nutri-
tional supplement by absorbing dis-
solved organic material (DOM) directly
from seawater has long been of interest
to marine biologists (7). Previous studies
were done in the presence of hetero-
trophic microorganisms, and therefore
bacteria may have contributed to the

Fig. 1. Chromatograms (HPLC)

of the uptake of 18 amino acids

and the release of ammonia by

axenic sea urchin larvae (S.
lle purpuratus). The top tracing
(at start) shows the amount of
amino acid present in a 400-ul
= sample. Each amino acid is
IS present at 125 nM. The bottom
tracing shows the amino acid
concentrations after a 4-hour
exposure to larvae (102 per
milliliter). The numbers above
the peaks give the percent of
each amino acid removed and
the amount of ammonia re-
leased. Although the glutamic
acid peak has increased in
height, the total area has de-
creased by 5 percent. Concen-
tration is related to area, not
.peak height (9). Amino acid
abbreviations are: Asp, aspar-
tic acid; Glu, glutamic acid;
Asn, asparagine; Ser, serine;
His, histidine; Gln, glutamine;
Gly, glycine; Thr, threonine;
Arg, arginine; Tau, taurine;
Ala, alanine; Tyr, tyrosine;
Met, methionine; Val, valine;
Phe, phenylalanine; Ile, iso-
leucine; Leu, leucine; Lys, ly-
sine.

Val
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apparent uptake of DOM (8). Until now,
it has not been possible to resolve this
issue because axenic soft-bodied marine
invertebrates have been unobtainable.

All larvae were grown at 16°C for S to
7 days after fertilization. Immediately
before an experiment, the larvae were
siphoned onto a 48-pm mesh screen and
washed several times with MBL-seawa-
ter. Samples of larvae (30 to 100 larvae
per milliliter) were placed in flasks con-
taining 300 ml of MBL-seawater at 16°C
that had been sterilized by passing it
through a 0.2-pum membrane filter (Nu-
clepore). The experimental medium con-
tained 18 amino acids in solution, each
present at 125 nmole/liter (Fig. 1). The
uptake of these 18 amino acids by axenic
larvae was measured by determining the
rate of removal of amino acids from
solution by high-performance liquid

- chromatography (HPLC) (9).

The percentage of each amino acid
removed is given above the individual
peak (Fig. 1). Observations at intermedi-
ate times verified that depletion of amino
acids was exponential. In control experi-
ments without larvae present in the me-
dium, there was no removal of amino
acids. Clearly, there are dramatic differ-
ences in the rates of uptake of individual
amino acids by sea urchin larvae. The
most rapid uptake occurs with neutral
amino acids. Methionine, phenylalanine,
leucine, and valine have the fastest re-
moval rates—66, 63, 61, and 60 percent,
respectively. There is no statistically sig-
nificant uptake of taurine, or of the acid-
ic and basic amino acids. The apparent
rates of removal of aspartic acid, glutam-
ic acid, arginine, lysine, and taurine (Fig.
1) are within experimental error (9). In
another experiment, selective uptake of
nine ‘‘essential’’ amino acids by urchin
larvae was observed (Fig. 2). Again, the
basic amino acids arginine and lysine
were not transported; histidine and thre-
onine were taken up, but only at about
half the rate of isoleucine, leucine, va-
line, phenylalanine, and methionine.
This pattern of different rates of uptake
of neutral, basic, and acidic amino acids
was observed in five experiments with
axenic larvae from four separate spawn-
ings of sea urchins. In all experiments
there was no measurable net loss of
amino acids from larvae.

The rate of uptake (data of Fig. 1) by
larvae of each amino acid was calculated
as a first-order depletion constant (k):

k= (In [S]p — In [S])/¢

where [S]o is the substrate concentration
at the start of the experiment and [S]; is
the concentration after 4 hours.

The uptake rate for each individual
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Fig. 2. The simultaneous uptake of nine ‘‘es-
sential’”” amino acids by axenic sea urchin
larvae of S. purpuratus. Each amino acid was
initially present at 125 nM in a medium con-
taining 98 larvae per milliliter. The amino acid
concentrations in a 400-pl sample were mea-
sured by HPLC. Each data point represents a
single value. Standard amino acid abbrevia-
tions are used (see legend to Fig. 1).

neutral amino acid was calculated by
multiplying the initial amount supplied
by the depletion constant, k. The total
uptake from an individual concentration
of 125 nM for each of the 13 neutral
amino acids was (per larva) 2.75 pmole/
hour. During a 4-hour experiment (Fig.
1), the ammonia in the medium increased
from 0.429 pwM (at the start) to 0.518 wM

-(at 4 hours).

Amino acid transport in nonaxenic sea
urchin larvae has been studied with iso-
topically labeled substrates (10). Howev-
er, the influx of isotope may not be
equivalent to a net entry of that substrate
(I1). We investigated the relationship
between influx and net flux by compar-
ing the rate of removal of '“C-labeled
substrate to the rate of net removal of
amino acid as determined by direct
chemical analysis with HPLC. Samples
of the medium containing either '*C-
labeled serine or leucine were taken ev-
ery 30 minutes for 4 hours. The samples
were acidified, and the radioactivity was
determined after several days, with a
scintillation counter. In an experiment
with 43 larvae per milliliter, the rate of
influx of ["*C]serine from a 125 nM solu-
tion was (per larva) 0.45 pmole/hour; the
net flux of serine measured by HPLC
was almost identical at 0.48 pmole/hour.
In another experiment with a different
batch of larvae at 102 per milliliter, the
rate of ["*Clleucine influx from 125 nM
was (per larva) 0.26 pmole/hour; net flux
of leucine was 0.28 pmole/hour. In both
cases, the influx of 'C label represents
net influx of that substrate. This implies

net entry of amino acids against very
large concentration gradients; however,
the thermodynamic work required for
their transport is small compared to the
energy obtained from their subsequent
oxidation (12).

The small size and resulting high ratio
of surface to volume for marine larvae
suggest a priori that they may be well
adapted for utilizing DOM (/3). The po-
tential role of amino acid uptake in the
nutrition of S. purpuratus larvae can be
estimated by comparing the rate of up-
take of neutral amino acids to the meta-
bolic requirements of the larva, as mea-
sured by oxygen consumption (oxidation
of a 1-mg mixture of amino acids re-
quires approximately 1 ml of O;). Net
flux of amino acids may also contribute
to growth by providing a supplement to
protein reserves in eggs and larvae (/4).
In the experiment presented in Fig. 1,
uptake of the 13 neutral amino acids
from a total concentration of 1.63 pM
was (per larva) 2.75 pmole/hour, or ap-
proximately 275 pg/hour. The oxygen
consumption for the early larvae of S.
purpuratus at 16°C is (per larva) 350 pl/
hour (15). Thus, the uptake of amino
acids at 1.3 wM in seawater could ac-
count for 79 percent of the energy re-
quirements of the larvae, as estimated by
oxygen consumption. The contribution
that the uptake of amino nitrogen makes
to the nitrogen balance of larvae can be
estimated by comparing the rate of up-
take of amino nitrogen to the rate of
ammonia loss. The amount of ammonia
lost to the 300 ml of medium from the
larvae (102 per milliliter) during the 4-
hour exposure was 267 nmole. This is
equivalent to an ammonia loss (per larva)
of 2.18 pmole/hour. At an amino acid
uptake rate given above of 2.75 pmole/
hour, a larva would be accumulating
amino nitrogen at a rate of 2.75 pmole/
houir. Thus, the uptake of amino acids
from a concentration of 1.63 wM would
keep the larva in nitrogen balance.

An amino acid concentration of 1.63
pM is high, particularly since it includes
only neutral amino acids, but it is within
the range reported for surface seawater
(16). However, the microhabitat of §.
purpuratus larvae is unknown. Echinoid
larvae are sparsely represented in plank-
ton and may be near the sediment when
approaching metamorphosis, where an
amino acid concentration of 1.63 wM is
quite possible, and may be a conserva-
tive estimate. In larvae of marine inver-
tebrates, a large percentage of the food
intake is used for growth (/7) and this
energy cost is not considered in an esti-
mate of metabolic requirements based on
0, consumption. Despite these uncer-
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tainties, the present work indicates that
net influx of amino acids from dilute
solution in seawater has the potential to
contribute substantially to the carbon
and nitrogen requirements of the larvae
of S. purpuratus.

Since there were no bacteria present in
the experimental material used in our
study, the larvae must be the biological
agent responsible for the observed re-
moval of substrate. Influx of '“C-labeled
leucine and serine occurs at rates identi-
cal with those observed for net removal
of these substrates. Thus, our data pro-
vides support for previous observations
on uptake and assimilation of DOM by
nonaxenic marine invertebrates and for
observations based on influx of labeled
substrate (7).
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Swine Influenza-Like Viruses in Turkeys:

Potential Source of Virus for Humans?

Abstract. Influenza A viruses (subtype HINI), recently isolated from turkeys in
different areas of the United States, were determined to be closely related to strains
typically associated with pigs. This conclusion was based on comparisons of HINI
isolates from pigs, humans, ducks, and turkeys with polyclonal and monoclonal
antibodies, RNA-RNA competitive hybridization, and replication studies. One of the
HINI isolates from turkeys caused influenza in a laboratory technician, who
displayed fever, respiratory illness, virus shedding, and seroconversion. These
results suggest that turkeys as well as pigs are involved in the maintenance of these

viruses and their transmission to humans.

Swine influenza-like viruses (subtype
HINT1) are periodically isolated from hu-
mans (/). There is no doubt that in some
cases the viruses in humans originate
from pigs. For example, viruses isolated
from sick pigs and humans on farms in
Wisconsin were antigenically and geneti-
cally indistinguishable (/). However,
there is not always a clear connection
between human infections and contact
with pigs. The outbreak of swine influen-
za in soldiers at Fort Dix, New Jersey, in
1976 was not preceded by such contact
(1), nor was the influenza in a leukemia
patient who died of viral pneumonia in
Nevada (2). This raises the question of
whether other sources of swine influenza
viruses exist. In this report we describe
influenza A isolates (subtype HINI)
from turkeys that are virtually indistin-
guishable from viruses typically associ-
ated with pigs. The potential importance
of these turkey viruses in the epidemiol-
ogy of human influenza was established
by the fact that one of the isolates caused
an influenza infection in a laboratory
technician.

Two viruses were isolated from six
adult female turkeys that showed a sud-
den drop in egg production in Missouri in
1981. In a separate laboratory other
HINI1 viruses were recovered from tur-

keys that had similar problems with egg
production in Missouri, Colorado, and
Kansas in 1980 to 1981 (3). The viruses
were grown in 10- to I1-day-old chick
embryos and characterized serologically
as HIN1 with hyperimmune goat and
rabbit antiserum (4).

To determine the antigenic relatedness
of these turkey viruses to those in other
species (/-3), we compared a panel of
HINI1 viruses from pigs, turkeys, ducks,
and humans in hemagglutination inhibi-
tion (HI) tests with antisera from ferrets
recovering from infection and with
monoclonal antibodies (5, 6). Repre-
sentative strains of the human, swine,
and turkey viruses all reacted at high
titers with ferret antisera to the human
virus (A/NJ/8/76) and the turkey virus
(A/Ty/Mo/1/81) (Table 1). The duck vi-
ruses did not react with those antisera.
The three monoclonal antibodies that
recognize different antigenic determi-
nants on HI strains show that these
determinants are shared by the recent
turkey, human, and swine viruses but
not by the duck viruses.

To examine the other surface antigen
of the turkey isolates (the neuramini-
dase), we compared the HINT1 viruses in
neuraminidase inhibition assays (7) with
the same ferret antisera. The turkey iso-
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