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Fig. 1. Changes in fatty acid

composition of fractionated

phospholipid classes Ptd-

Cho (A) and PtdEth (B) iso-

lated from hepatic micro-

somes of carp subject to
chronic cooling. Values are
means * SEM for four to five

individual carp. (C) Changes in the distribution of molecular species of PtdEth containing 22:6 between
days O and 5. The numbers before and after the colon denote the numbers of carbon atoms and
double bonds, respectively. Fatty acids occur on phosphoglycerides in pairs, with a saturate or
monounsaturate in the sn-7 position and a polyunsaturate in the sn-2 position.
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two major membrane phosphoglycerides,
phosphatidylcholine (PtdCho) and phos-
phatidylethanolamine  (PtdEth). PtdEth
showed a large increase in monoenes and
smaller increases in polyenes at the expense
of saturated fatty acids. These changes be-
came evident 2 days after the initiation of
cooling and were complete by day 5. Ptd-
Cho showed more complex changes, with
polyunsaturates increasing by 24 hours and
monoenes decreasing by a corresponding
amount. The monoenes subsequently in-
creased at the expense of saturates. The
predominant effect was the replacement of
saturates by monounsaturates in the sn-1
position (Fig. 1C), a reaction that is medi-
ated by the A%-desaturase (6).

We cloned the carp A°-desaturase by
screening a commercial carp hepatic com-
plementary DNA (cDNA) library with a rat
A%-desaturase ¢cDNA under hybridization
conditions of moderate stringency (7, 8).
This procedure yielded three clones that
tested positive in Northern blot analyses of
mRNA extracts from cold-exposed carp liv-
er under conditions of very high stringency.
All three clones detected a transcript of
~2.7 kb. Clone pcDsL7 had a single open
reading frame (ORF) that encoded a
polypeptide of 292 amino acid residues (Fig.
2A) and a calculated molecular mass of
33.65 kD. The predicted protein showed a
high degree of sequence identity with other
published desaturase sequences, including
rat liver (55% identity), mouse liver (53%
identity), tick (47% identity), and yeast
(20% identity). Hydropathy analyses for the
carp and rat desaturases (Fig. 2B) revealed
considerable similarity in the overall pro-
file, which, when combined with the
marked identity of carp, rat, and yeast ami-
no acid sequences and the presence of the
fatty acid desaturase 1 (FADs1) consensus
site, establishes that pcDsL7 codes for the
carp A”-desaturase.

Clone pcDsL7 was used to design an
antisense RNA probe for a ribonuclease
protection assay (RPA) of desaturase tran-
script amounts; probes were also prepared
for carp 18S rRNA and for carp B-actin (9).
All three probes were simultaneously incu-
bated with hepatic RNA extracts (Fig. 3A).
The hepatic A%-desaturase  transcript
amounts varied during chronic cooling rel-

ative to 18S ribosomal RNA (rRNA) (Fig.

Fig. 2. (A) Comparison of the predicted amino acid se-

quences for A®-desaturases of carp, rat, tick, and yeast.
Sequences are in single-letter amino acid codes (72).
Residues that match the consensus exactly are indicated

Camp

¥ N-glycosylation sites
* Protein kinase C
phosphorylation sites
# Myristoylation sites
(3 Fatty acid desaturase 1 site

in reverse type. (B) Kyte-Doolittle hydropathy plots for
carp and rat A®-desaturases. Each plot was computed
with a 12—amino acid window. The bottom panel shows
the consensus posttransiational modification sites for
carp liver A®-desaturase as identified by a PROSITE li-

brary search.
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3B) and B-actin mRNA (Fig. 3C). This not
only corrects for variations in loading of
gels but also reveals the degree to which
desaturase transcript amounts exceed those
of genes unrelated to the adaptation of lipid
composition. In both cases, desaturase tran-
script amounts were low in warm-acclimat-
ed carp and after 24 hours of cooling, but
increased greatly in some individuals after
48 hours. Amounts peaked at 3 to 5 days
and then quickly subsided to low but mea-
surable amounts for up to 28 days. Thus,
although cooling led to a large increase in
desaturase transcript amounts, the effect
was transient. Steady-state amounts of tran-
script in cold-acclimated carp were about
two to three times those in warm-acclimat-
ed carp.

The increase in desaturase transcript
amounts might be the result of increased
rates of transcription or reduced rates of
mRNA degradation or both. We attempted
to distinguish between these two possibili-
ties by measuring the rates of desaturase
transcript synthesis in isolated nuclei (nu-
clear run-on assay), a condition that ensures
the absence of posttranslational cytoplas-
mic degradation. Transcript amounts were
determined by RPA (Fig. 3D). Nuclei from
carp subjected to the cooling regime for 5
days synthesized transcript, whereas those
from warm-acclimated carp did not; this
finding indicated that desaturase transcrip-
tion was inactive in warm-acclimated fish
but was induced on cooling. Because this
effect was observed in nuclei incubated dur-
ing run-on at both 10° and 30°C, acute cold
exposure of isolated nuclei does not in itself
activate desaturase transcription, nor does
acute warm exposure cause its inhibition.
Thus, cold-induced up-regulation of desatu-
rase transcription is mediated by the in vivo
thermal history of the nuclei.

Desaturase protein was measured with an
antibody raised against rat desaturase. This
antibody binds to a carp protein with a mo-
lecular mass of ~33 kD (10), which agrees
with the size predicted from the nucleotide
sequence of pcDsL7. Warm-acclimated carp
(day O) had large quantities of immunode-
tectable desaturase protein relative to the
small amount of desaturase activity, al-
though these quantities appeared to increase
by day 5 (Fig. 4A). This increase was quan-
tified by densitometric analysis (Fig. 4B);
desaturase protein amounts remained con-
stant between days 0 and 3, but increased by
~80% between days 3 and 5. However, Fig.
4C shows that the specific activity of desatu-
rase had already increased on days 2 and 3,
before the amounts of desaturase protein had
changed. Activity continued to increase be-
tween days 3 and 5, corresponding to the
increase in desaturase protein. Expressing de-
saturase specific activity in relation to the
amount of desaturase protein gives 3.5 * 0.5

TR
HiLool i

2 EBEBTE >3
Day0 Day1 Day2 Day3 Day5 Day7

Desat-
urase

188
rRNA

Fig. 8. Analysis of desaturase transcription by RPA
during the cooling of 30°C-acclimated carp to
10°C. (A) Representative RPAs for liver total RNA
extracts with antisense probes for carp B-actin,
carp desaturase, and human 18S rBNA. Protected
fragments were ~420, ~180, and 80 nt, respec-
tively. (B and C) Quantitation of carp hepatic de-
saturase mRNA relative to either 18S rRNA or B-ac-
tin by quantitative densitometry (Molecular Dynam-
ics). @, values for individual fish; O, the means for
four to five individuals. The mean values for day 2
and thereafter were significantly different from day 0
(Student’s t test, P < 0.05). (D) Production of de-

O
Desaturase/actin ratio Desaturase/18S ratio

0 5 10 15 20 25 20
Time after cooling (days)

D
L L
Y T
¢ B
1030 1030 1030 1030 1030 1030 °C
0 0 3 3 5 5 Days

saturase transcript during nuclear run-on analysis of hepatic nuclei obtained from 30°C-acclimated carp
or from day 3 and day 5 cold-acclimated carp. The results were obtained with two fish at each time point.
Run-on incubations were performed at 10° or 30°C, as indicated, and transcript amounts were deter-

mined by RPA with the antisense desaturase probe.
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30°C-acclimated carp (day 0) and 5 days after cooling to 10°C. Each band was from a separate carp. (B)
Changes in amounts of immunodetectable desaturase protein estimated by densitometric analysis. Day
0 and day 3 values were not different (Student’s t test, P = 0.53, n = 4 to 6), whereas day 5 values were
significantly greater than those for day O (P = 0.011, n = 5 to 6). (C) Changes in desaturase specific

activity. Methods are described in (73).

(arbitrary units, mean *+ SEM) for day O, but
15.1 = 2.3 and 11.2 %= 2.2 for days 3 and 5,
respectively, a three- to fivefold difference.
We suggest that cold-induced A®-desatu-
rase expression arises from two responses.
First, a preexisting latent desaturase be-
comes activated 24 to 48 hours after initi-
ation of cooling. This might include the
release of sequestered enzyme or activation
by posttranslational modification. Carp de-
saturase is notable in that it has many con-
sensus sites for phosphorylation, myristoyla-
tion, and N-glycosylation (see Fig. 2B).
Second, the amounts of desaturase tran-
script are increased as a result of cold-in-
duced gene transcription, resulting in an
increased amount of desaturase protein be-
tween days 3 and 5 and a further increase in
desaturase activity. Both events correlate in
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time course and in direction with changes
in lipid saturation and membrane lipid or-
der (11). The control of desaturase expres-
sion is clearly complex and may be related
to the extent of cooling: The posttransla-
tional effect may be an early response to
moderate cooling, whereas transcriptional
up-regulation and increased desaturase pro-
tein may require much lower temperatures
and consequently a more extensive mem-
brane restructuring. This hierarchy of in-
duction provides a flexible means of match-
ing the magnitude of desaturase expression
to the adaptive needs of the tissue.
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Identification of a Committed Precursor
for the Mast Cell Lineage

Hans-Reimer Rodewald,” Mark Dessing, Ann M. Dvorak,
Stephen J. Galli

Mast cells originate from hematopoietic stem cells, but the mast cell-committed precursor
has not been identified. In the study presented here, a cell population in murine fetal blood
that fulfills the criteria of progenitor mastocytes was identified. It is defined by the
phenotype Thy-1'°c-Kit", contains cytoplasmic granules, and expresses RNAs encoding
mast cell-associated proteases but lacks expression of the high-affinity immunoglobulin
E receptor. Thy-1'°c-Kith' cells generated functionally competent mast cells at high fre-
quencies in vitro but lacked developmental potential for other hematopoietic lineages.
When transferred intraperitoneally, this population reconstituted the peritoneal mast cell
compartment of genetically mast cell-deficient W/W" mice to wild-type levels.

Mature mast cells reside in mucosal and
connective tissues where they can act as key
mediators in immunoglobulin E (IgE)—de-
pendent allergic reactions. In addition,
through the release of cytokines as well as
proteases and other mediators, mast cells
can participate in a wide array of immuno-
logical and inflammatory responses in
which they function in the recruitment of
leukocytes into sites of inflammation and in
the local regulation of vascular or epithelial
permeability (I). Mast cells originate from
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hematopoietic stem cells (HSCs) (2), and
in vitro assays of colony formation indicate
that mast cell precursor activity occurs at
low frequency in the bone marrow, periph-
eral blood, and mesenteric lymph nodes of
murine rodents (3, 4). It has been proposed
that mast cell precursors leave the bone
marrow, migrate in the peripheral blood,
and invade mucosal and connective tissues
where they undergo differentiation into
morphologically characteristic mature mast
cells. However, a mast cell-committed pre-
cursor cell, that is, a cell type distinguished
by morphology and developmental poten-
tial from a multipotent HSC, has not been
purified from bone marrow or blood (3, 4).
Here, we report the identification of a cell
population purified from murine fetal blood
that satisfies the criteria of a mast cell-
committed precursor at a stage before tissue






