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Saturates - 
Fig. 1. Changes in fatty acd  
compos~tion of fractionated 
phospholip~d classes Ptd- 
Cho (A) and PtdEth (6)  so- 

hL lated from hepatic m~cro- 10 
0 5 10 15 20 25 30 K) 5 I 0  15 2b 25 i0 SomeS Of Oarp sub~eci to 

chronc cooling Values are 
Time after start of cooling (days) 

means -t SElvl for four to five 
individual carp. (C) Changes in the distribution of molecular species of PtdEth conta~nng 22.6  between 
days 0 and 5, The numbers before and after the colon denote the numbers of carbon atoms and 
double bonds, respectively. Fatty acds occur on phosphogycerides in pairs, with a saturate or 
monounsaturate in the s n l  posit~on and a poyunsaturate in the sil-2 position. 

2 r n R  E G I d m 2  

r 3 t  - - ~ -  B E E  
: c k  . . . . - . . . - . ~ - - ~ - . ~ . . . . .  

,.os~ E i E EI-E A D -  K I ri I s E cO'd 

t ~ o  major meml~rane phosphoglycerldes, 
phosphatidylcholine (PtdCho)  and phos- 
phatidylcthanolamine (PtdEth).  PtdEth 
showed a large increase 111 lnonoenes and 
s~naller increases in polvenes at the expense 
of saturated fatty acids. These changes be- 
came evident 2 days after the in i t ia t~on of 
cooling and were complete l ~ y  day 5. PtcL 
C h o  showecl n o r e  co1nl?lex changes, with 
l?olv~~l~sntur,ates illcreasillg hv 24 hours anti 
monoenes ilecreaslng l ~ y  a corresponding 
,amoLunt. T h e  monocnes sul~secl~~entlv in- 
creased at the exL3ense of saturates. T h e  
prcclo~nina~lt  effect \vas the replacelllellt of 
saturates hv m o n o ~ ~ n s a t ~ ~ r a t e s  ln the sn-l 
position (Flg. l C ) ,  a reactlon that is medi- 
ated by thc  A"-desat~irase (6) .  

Vlfe c lo~led tile carp A"-desaturase hy 
screeniilg a commercial carp hepatic co111- 
plcmcntary D N A  (cDNA)  library ivith a rat 
lo-ilesaturase c D N A  uncler hvhridiiatio~l 
collditio~ls of modcrate stri~lgcllcy (7, 8).  
This procedure yicldcci three clones that 
testeil aositive in  Northcrn hlot analvscs of 
n R N A  extracts fro111 c ~ l d - ~ x p ~ s ~ d  carp l i v  
cr uniler conditions of very hie11 strinecncv. 

> ,  

All threc cloncs dctecteil a"transcrlpt of 
-2.7 kh. Clone pcDsL7 hail a single open 
reailing fi-ame (ORF) that encoiled a 
polypcl7tiiic of 292 allli~lo acid rcsiilucs (Fig. 
2A)  and a calc~~latcci m o l e c ~ ~ l a r  mass of 
33.65 kD. T h c  predicted protcm sholved a 
high degree of secluence identlty lvith other 
published desaturase seclucnces, including 
rat livcr (55%) ~den t i ty ) ,  m o ~ ~ s c  liver (53% 
lilentity), tick (47911 lilentity), and yeast 
(20'16 identity). Hydropathy analyses for the 
carp anii rat desaturases (Fig. 2B) revealed 
considerable si~nilaritv in  the  overall pro- 
file, u~h ich ,  when co~nhirlcd with the 
~narkcii icientity of carp, rat, anti yeast ami- 
no  a c ~ d  sequences and the  presence of the  
fatty acid iiesaturase 1 (FALkl )  consensus 
sitc, cstahlishcs that pcDsL7 cocles for the 
carp A"-desaturase. 

Clone pcDsL7 lvas used to dcsign an  
antisense R N A  prohe for a rihonl~clease 
p r o t e c t i ~ n  assay (RPA) of dcsatul-ase tran- 
script amounts; probes lvcre also prcparccl 
for carp 18s  rRNA allel for carp p-actin (9) .  
All thrce prohes ivel-e simultaneo~~sly incu- 
hatcLl wit11 hel~at ic  R N A  extracts (Fig. 3A) .  
T h e  hcpatic A"-ilesaturase transcript 
amounts varicd during chronic coolillg rel- 
ative to 18s  ril-oso~nal R N A  ( rRNA)  (Fig. 

Fig. 2. (A) Comparison of the predicted amino ac~d  se- 
quences for 1"-desaturases of carp, rat, tick, and yeast. 
Sequences are in single-letter amino acid codes (12). 
Residues that match the consensus exactly are indicated 
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 posttranslational modlf~cation sites for 
carp liver 19-desaturase as identfied by a PROSTE l -  
brarj search. 
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3B) and P-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 cam. 

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 (lo), which agrees 
with the size predicted from the nucleotide 
sequence of pcDsL7. Warm-acclimated carp 
(day 0) 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 ti the 
amount of desaturase protein gives 3.5 2 0.5 

I - - - -  -- 
Da) Day 2 Day 

Fig. 3. Analysis of desaturase transcription by RPA 4 

carp desaturase, and human 185 rRNA. Protectel 

IT-y-J during the cooling of 30%-acclimated carp to % 1 
10°C. (A) Representative RPAs for liver total RNA 5 
extracts with antisense probes for carp p-actin. O n 

30 

fragments were -420, -180, and 80 nt, respec 
tively. ( 8  and C) Quantitation of carp hepatic de 
saturase mRNA relative to either 18s rRNA or p-ac 
tin by quantitative densitornetry (Molecular Dynarn 
ics). a, values for individual fish; 0, the means fc 
four to five individuals. The mean values for day : 

- If W- 
"C 

and thereafter were significantly different from day I Days 
(Student's t test, P < 0.05). (D) Production of de- 
saturase transcript during nuclear run-on analysis of hepatic nuclei obtained from 30' ed carp 
or from day 3 and day 5 cold-acclimated carp. The results were obtained with two fisk ~e point. 
Run-on incubations were performed at 10" or 30°C, as indicated, and transcript anlvul w ~ r e  deter- 
mined by RPA with the antisense desaturase probe. 

l'Q t 
3 Day 5 

Fig. 4. Changes in the 
amount of irnrnunodetectable 
Ag-desaturase protein and 
enzymatic activities in hepatic 
microsomes isolated from 
carp subjected to a chronic 
cooling regime. (A) Compari- 
son of protein immunoblot 
bands of desaturase from 

10 15 
le after cool 

'C-acclirnat 
I at each tirr 

Time after cooling (days) 

30°C-acclimated carp (day 0) and 5 days after cooling to 10°C. Each band was from a separate carp. (8) 
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 0 (P = 0.01 1, n = 5 to 6). (C) Changes in desaturase specific 
activity. Methods are described in (13). 

(arbitrary units, mean 2 SEM) for day 0, but 
15.1 2 2.3 and 11.2 ? 2.2 for days 3 and 5, 
respectively, a three- to fivefold difference. 

We suggest that cold-induced A9-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 (1 1 ). 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-ll"c-Kith', contains cytoplasmic granules, and expresses RNAs encoding 
mast cell-associated proteases but lacks expression of the high-affinity immunoglobulin 
E receptor. Thy-ll"c-Kith1 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/Wv mice to wild-type levels. 

M a t u r e  mast cells reside 111 inucos,iI and 
connective tlssues where they can act as key 
mediators in i m m ~ ~ g l o ~ l  E (~ rg~) -de :  
pel~ilellt allergic reactio~ls. 111 aiiiiition, 
throueh the release of cytokines as well as 
proteases and other mediators, mast cells 
can participate in a \vide array of immuno- 
logical and inflammatory responses in 
whicll they function in the recruitment of 
leukocvtes into sites of il~flainmation and in 
the local regulation of \.ascular or epithelial 
permeability ( 1  ).  mast cells originate from 

H.-R. Rodswald and M Dessng, Basel Inst~t i~te fo i  m -  
munolog!/, Grenzacherstrasse 487. CH-4005 Basel, 
Sv:~tzerland 
A. lvl. Dvorak and S. J Ga l ,  Department of Pathology 
Beth Israel Hosptal, Harvard lvledica School. 330 Brook- 
n e  Avenue, Boston, lvlA 0221 5 USA 

&To v:ho~n correspondence should be addressed 
E -ma .  rodewad@b~~.ch 

hematopoietic steln cells (HSCs)  ( 2 ) ,  and 
in vltro assays of colony forlnatlon indicate 
that mast cell precursor act~vi ty  occurs at 
low frequency in the bone marrolv, periph- 
eral blood, and lnesenterlc lymph noiles of 
murine rodents ( 3 ,  4) .  It has been proposed 
that mast cell precursors leave the bone 
marrow, migrate in the periplleral blood, 
and invade lnucosal and connective tissues 
where they undergo Llifterentiation into 
morpl~~l(>gically characteristic mature mast 
cells. Ho\vever, a mast cell-committed pre- 
cursor cell, that is, a cell type ilistinguisl~e~l 
by rnorl~hology and iievelopmel~tal poten- 
tial from a lnilltipotel~t HSC, has not been 
p~~ri f ie i i  fl-om bone marroLv or blood ( 3 ,  4) .  
Here, we report the iJentificatio11 of a cell 
p o p ~ ~ l a t i o n  purified from murine tetal hlood 
that satisfies the criterla of a mast cell- 
colnlnitteil precursor a t  a stage before tissue 
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