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Abstract. A bisexual species o f the genus Artem ia  (C rusta­
cea, Phyllopoda), A rtem ia franciscana  Barigozzi o f San 
Francisco Bay and  a parthenogenetic population  o f  Artemia  
sp. o f Tsing-Tao (China), bo th  w ith 42 chrom osom es, were 
com pared w ith respect to  the m icroscopic structure o f  the 
interphase larval nucleus, the m icroscopical structure o f  the 
prophase chrom osom es and  the D N A  structure. -  Artemia  
franciscana  exhibits several chrom ocenters in the resting n u ­
cleus, heterochrom atic blocks located a t the end o f  the p ro ­
phase chrom osom es, and  a large am ount o f  repetitive D N A  
(Alu 1110-bp fragm ents). The o ther Artem ia sp. lacks chro­
mocenters, heterochrom atic blocks in  the chrom osom es, 
and the A lu  I D N A . The two populations thus differ by 
a rem arkable am ount o f  repetitive D N A .

Introduction

The chrom osom es o f  the brine shrim p Artem ia  have been 
subm itted to  num erical analysis several times, and  differ­
ences have been found in different populations and sibling 
species (Barigozzi 1974; Barigozzi and  Baratelli Zam bruni 
1982). L ittle is know n, on the o ther hand, o f  the chrom o­
some structure. Barigozzi observed (1942) th a t during p ro ­
phase spiralization intensity differs in  the different chrom o­
some pairs; the longer pairs spiralize m ore than  the shorter 
ones w ith the consequence th a t length differences are detect­
able only during prophase, while a t m etaphase chrom osom e 
pairs are practically  undistinguishable. A  further con tribu­
tion  to  the knowledge o f the chrom osom e structure comes 
from  Stefani (1963 a, b). This au th o r gave some evidence 
o f the lack o f a centric constriction in  all chrom osom es, 
in terpreted  as the lack o f  a differentiated centrom ere. The 
stain used, orcein, and the m aterial, Sardinian populations, 
d id n o t enable Stefani to  observe any difference in  eu- and 
heterochrom atin.

D etection and analysis o f the heterochrom atin , bo th  at 
the cytological and  m olecular level, was the aim  o f the pres­
ent paper.

Material and methods

The m aterial analyzed in this investigation was provided 
as dry cysts by the L aborato ry  o f M ariculture o f  the U n i­
versity o f  G hent, Belgium, which is here acknowledged. 
The populations were from : San Francisco Bay (U.S.A .,

The au tho rs dedicate this pap er to  Professor H ans Bauer, on  the 
occasion o f his 80th b irthday

bisexual, 42 chrom osom es) and  Tsing-Tao (China, p arth e­
nogenetic, 42 chrom osom es). The chrom osom e num ber was 
determ ined on nearly 30 individuals. This is the first tim e 
th a t the Tsing-Tao popu la tion  has been studied. System ati­
cally, the brine shrim ps o f San Francisco Bay belong to 
the species A. franciscana  Barigozzi. The o ther brine shrim p 
can presently be indicated simply as Artem ia sp. The link 
between this population  and A. franciscana  is unknow n. 
B oth cells and D N A  were obtained from  the living nauplius 
larvae.

Techniques fo r  the study o f  the resting nuclei and m itotic  
chromosomes. The m ito tic stage selected fo r this investiga­
tion  was the prophase, when the chrom osom es are suffi­
ciently thick to  be individualized and the length differences 
are still clearly detectable.

S taining w ith orcein and  quinacrine (4-6  nauplii on a 
slide): (1) treatm ent w ith hypotonic solution (tap  w ater 
0.5%  o r sodium  citrate) for 30-40 m in, (2) fixation in 1:1 
m ethanol and  acetic acid for 3 min, (3) a second exposure 
to  60%  acetic acid (30 s) a t ab o u t 40° C, (4) staining with 
2%  acetic orcein for 20 m in or w ith 0.5%  quinacrine for 
7 min, (5) rinsing twice in 95%  alcohol, transfer to  absolute 
alcohol and m ounting in  Euparal.

S taining w ith G iem sa (C-Banding): (1) dipping the air- 
dried slides in 0.07 N  N aO H  for 40 s, (2) rinsing (three 
changes) in  2 x SSC (sodium  chloride/sodium  citrate), 
(3) incubation  in  6 x SSC a t 65° C fo r 3 h, (4) rinsing in 
ethanol first a t 70° C then a t 95% , (5) drying in  air,
(6) staining in  G iem sa (10 m l stock solution im proved R66 
w ith 100 ml phosphate buffer, 0.01 M , pH  7) for 20 min,
(7) rinsing in  deionized running w ater, (8) drying in air, and 
(9) m ounting.

Techniques fo r  the D N A  analysis. D N A  extraction. N auplii 
o f Artem ia  were collected, w ashed w ith 10 m M  Tris-H Cl, 
(pH  8.0), 1 m M  E D T A  (ethylenediam inetetraacetic acid) 
and lysed in  the same buffer containing 1% SDS (sodium  
dodecyl sulfate), w ith three cycles o f  freezing and thawing. 
Sodium  perchlorate was added to  a  final concentration  o f  
1 M . A fter 10 m in a t room  tem perature, the lysate was de- 
proteinized by extraction  w ith an  equal volum e o f  phenol- 
chloroform  followed by extraction w ith chloroform -iso- 
amylic alcohol. The D N A  solution was R N ase treated 
(50 pg/m l a t 37° C fo r 30 min), re-extracted w ith ch loro­
form  and  finally purified by CsCl density gradient. Artem ia  
D N A  has an  average buoyan t density o f 1.699 g/cm 3.

Restriction enzyme digestion and gel electrophoresis. Artemia  
D N A  samples were digested w ith several restriction en-
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Fig. 1. Interphase nuclei (Giemsa C-banding) of A. franciscana (a) and Artemia sp. of Tsing-Tao (b). Bar represents 5 um

zymes according to  the procedure specified by the m anufac­
turer. A fter digestion, D N A  samples were trea ted  with 
2.5%  Ficoll, 0.025%  brom ophenol blue and  fractionated  
by agarose gel electrophoresis in  TBE buffer (0.089 M  Tris- 
borate , 0.089 M  boric acid, 0.002 M  E D T A  a t pH  8.0). 
D N A  bands were visualized by ethidium  brom ide staining 
and U V  transillum ination.

Cloning. The A lu I 110-bp (base pairs) Artem ia franciscana  
fragm ents were isolated essentially as described by Taback 
and  Flavell (1978). A  100-pg sam ple o f  to ta l A rtem ia  D N A  
was digested to  com pletion w ith A lu I and then subjected 
to  tw o-dim ensional 2.5%  agarose gel electrophoresis in TA E 
buffer (0.04 M  Tris-acetate, 0.002 M  E D T A  at pH  8.0) and 
the 110-bp fragm ents were recovered by hydroxylapatite 
absorp tion  in the second dim ension. The D N A  was eluted 
from  hydroxylapatite w ith 0.6 M  phosphate buffer a t 
pH  7.2 and  desalted on a Sephadex G-50 colum n. The A lu I 
fragm ents were cloned in the Sma I site o f  the pU C 8 cloning 
vector (Vieira and  M essing 1982). The plasm id was de- 
phosphorylated  and  ligated to  the A lu I fragm ents by stan­
dard  recom binant D N A  procedures (M aniatis et al. 1982). 
The ligated plasm ids were used to  transform  the JM-103 
Escherichia coli bacterial strain  (M essing et al. 1981). R e­
com binant bacterial clones were identified as blue colonies 
by p lating on am picillin in  the presence o f  X-gal and IP T G  
(M essing et al. 1981). Twenty independent recom binant 
bacterial clones were picked up and tested for the presence 
o f  a foreign D N A  insert (Holm es and  Quigly 1981). All 
the clones tested contained foreign D N A , and plasm ids 
from  ten separate clones were purified on large scale by 
ethidium  brom ide-C sC l density gradient (R ad lo ff et aí. 
1967).

N ick translation and hybridization. A  1-pg sam ple o f  one 
o f the previously characterized plasm ids, identified as 
pU A 41, was labeled w ith a-[32P]dC TP by a nick-transla- 
tion  reaction as decribed by R igby et al. (1977) and  hybrid­
ized to  A lu I-digested Artem ia  D N A  blo tted  onto  nitrocel­
lulose filters (Southern 1975). The filters were prehybridized 
for 6-8  h a t 65° C in 10% dextran  sulfate, 1% SDS, 10 x 
D en h ard t’s solution, 50 m M  Tris-H C l at pH  7.0, 1 M

N aC l, 0.01%  sodium  pyrophosphate , and 100 pg/m l low 
m olecular weight denatured  herring sperm  D N A . A t the 
end o f  prehybridization, 0.1 pg o f the denatured  radioactive 
plasm id probe (IO8 cpm /pg) was added and the incubation  
continued for an  additional 12-14 h. F ilter washings were 
carried ou t in  2 x SSC, 1 % SDS a t 65° C and lastly, in 
0.1 x SSC a t room  tem perature. A utorad iography  was per­
form ed on preflashed Fuji R X  films a t —70° C  w ith an 
intensifying screen.

In situ hybridization. U nstained slides to  be hybridized were 
prepared as described above. The pUA41 plasm id D N A  
was tritium -labeled by nick translation  w ith [3H ]TTP and 
[3H ]dA TP as the labeled substrates to  a specific activity 
o f 4 x IO6 cpm /|ig  D N A . The slides were R N ase treated  
(50 pg/m l a t 37° C for 10 min), w ashed at 70° C in 2 x SSC 
and  dehydrated  with ethanol. C hrom osom al D N A  was de­
natu red  by heating a t 65° C for 150 m in in 90%  form am ide 
and hybridized w ith 25 ng o f the labeled plasm id D N A  
(10s to ta l cpm) in 2 x SET (0.15 M  N aC l, 0.02 M  Tris-H C l 
a t pH  7.8), 2 x D en h ard t’s solution and 10% dextran  sulfate 
for 36 h a t 65° C. A fter incubation, the slides were washed 
w ith 0.1 x SET a t 4° C for 10 m in, 1 x SET at 37° C for 
30 m in and finally 1 x SET a t 65° C fo r 30 min. A fter e th a­
nol drying the slides were autorad iographed  w ith K odak  
N TB-2 em ulsion fo r 12 days.

Results

The interphase nucleus

The interphase nucleus was studied bo th  in  the nauplius 
(undifferentiated cells) and in  the intestinal epithelium  of 
the adults. The same structure was found in  bo th  cases. 
The structure varies in different populations owing to  the 
presence o r absence o f  chrom ocenters, which stain  w ith o r­
cein, G iem sa (C-banding), and  quinacrine.

The different nuclear types o f the nauplius are illus­
trated  in F igure 1 a, b. The species from  San Francisco Bay, 
A. franciscana, h ad  14.8 +  1.8 chrom ocenters and  the po p u ­
lation from  Tsing-Tao, A rtem ia sp., had  no chrom ocenters 
and one to  two only very small chrom atin  masses.



Fig. 2. Prophases (G iem sa C-banding) o f  A. franciscana  (a) and A rtem ia sp. o f  Tsing-Tao (b); N otice two small heterochrom atic masses 
{arrowed in  b). Isolated  p rophase  chrom osom es w ith heterochrom atic  blocks (c, d) and w ithout heterochrom atic  blocks (e). Bars represent 
5 pm

C hrom ocenter counting was difficult in the epithelial 
cells, bu t the structure o f  their nuclei reflected the structure 
described in  the nauplius.

The distribution o f  the heterochromatin 
in m itotic chromosomes

This section does n o t give the karyogram s, which would 
have required a special investigation, b u t only points out 
the differences between the populations o f  Artemia.

Stained w ith G iem sa C banding, nearly all chrom o­
somes A . franciscana  exhibit chrom atin  condensed masses 
at one or bo th  ends o f  the chrom osom e. The frequency 
is difficult to  ascertain  because w ell-spread prophases are 
very rare. I t can be estim ated th a t approxim ately 34 o f 
42 chrom osom es carry G iem sa-positive masses, w hich can 
be considered as heterochrom atin . A  m inority  o f  hetero­
chrom atin-carrying chrom osom es (8-10) show also a re­
stricted num ber o f  th in  and unclear bands.

The frequency o f chrom osom es carrying a single mass 
is higher than  th a t o f  chrom osom es carrying two masses. 
An estim ate is difficult because a perfect spreading o f  the 
42 chrom osom es is rarely found. A  small group o f  chrom o­
somes (about 8) is devoid o f  heterochrom atic masses.

In  two prophases th a t were particularly  unam biguous 
we found: 8 chrom osom es with no heterochrom atic mass, 
24 with one heterochrom atic mass, and  10 w ith tw o hetero­
chrom atic masses.

In  no chrom osom e did we find anything sim ilar to  a 
constriction (Fig. 2 a, b).

In  the Artem ia sp. population  o f  T sing-Tao (China) the 
prophase chrom osom es fail to  show any com pact mass of 
heterochrom atin. The general aspect o f  a prophase is, thus, 
G iem sa-negative (Fig. 2b).

Repetitive D N A  sequences in Artem ia  D N A

R estriction pattern  o f  Artemia  D N A . The difference in  he t­
erochrom atin  am ount in  A. franciscana  and  in the Tsing-

a b c d

Fig. 3. Partia l (a, b) and com plete A lu I digestion (c, d) o f D N A  
from  A. franciscana  (a, c) and A rtem ia  sp. o f  Tsing-Tao (b, d) 
by incubating  a t 37° C 10 ¡rg D N A  w ith 10 units o f enzyme 5 m in 
and  3 h, respectively. 1 K b =  1,000 bp

Tao Artem ia sp. induced us to  undertake a D N A  analysis. 
W e com pared the two D N A  patterns after digestion with 
several restriction enzymes. Com plete digestion o f  A. fra n ­
ciscana D N A  w ith A lu I clearly dem onstrated  the presence 
o f two p rom inent bands o f  110 bp  and  220 bp th a t are 
undetectable after digestion o f Artem ia sp. D N A  w ith the 
same enzyme (Fig. 3). A  com parison o f  totally  w ith p a r­
tially A lu I-digested A. franciscana  D N A  showed th a t the
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Fig. 4. A utorad iogram  o f hybrid ization  o f n ick-transla ted  pUA41 
to Southern  b lots o f  A lu I partia l and  com plete digests o f  A . fra n ­
ciscana D N A . A 10-pg sam ple o f  D N A  was digested w ith 10 units 
o f  enzym e for 5 m in (a), 15 m in (b), 30 m in (c) and 120 m in (d), 
subjected to  electrophoresis on  a 2%  agarose gel, and b lo tted  on to  
a  nitrocellulose filter. 1 K b  =  1,000 bp

110-bp band  accum ulated in  totally  restricted D N A  
(Fig. 3 a, c). These results suggest th a t a family o f  clustered 
repetitive sequences is present in A. franciscana  and  absent 
in  the A rtem ia sp. o f  Tsing-Tao. These observations parallel 
com pletely those obtained w ith cytological techniques on 
in terphase an d  m ito tic chrom osom es, and  indicate th a t 
A lu I repetitive D N A  m ay correspond to  the heterochrom a­
tin blocks.

Cloning o f  the 110-bp Alu I  fragm ents  
and molecular hybridization

T otal D N A  o f A. franciscana  was digested w ith A lu I and 
the 110-bp fragm ents isolated from  agarose gel and  cloned 
in the Sma I site o f the cloning vector pU C8. F o u r hundred 
independent recom binant bacterial clones were isolated and 
ten clones were chosen random ly to  be tested for the pres­
ence o f  the foreign A lu I 110-bp fragm ent. This can be 
detected by digestion o f plasm id D N A  w ith Eco R I and 
Bam  H I, w hose recognition sites flank the Sma I site in 
the polylinker region o f pU C 8 (Vieira and  M essing 1982). 
The D N A  o f the recom binant plasm id pUA41 was labeled 
by nick transla tion  and hybridized to  A . franciscana  D N A  
th a t was digested w ith A lu I for different times and  blo tted  
on to  a  nitrocellulose filter. As it is show n in F igure 4 only 
the ladder o f bands th a t can be show n after ethidium  b ro ­
mide staining o f  the A lu I-digested D N A , positively hybrid­
ized w ith the radioactive plasm id D N A  probe.

This result dem onstrates th a t the cloned Artem ia  D N A  
sequence is representative o f  the A lu I repetitive D N A  fam i­
ly. The radioactive pUA41 p robe was also hybridized to 
the Artemia sp. o f  Tsing-Tao D N A  totally  and  partially  
restricted w ith A lu I. As it is show n in F igure 5 no hybrid­
ization to  the A lu I repetitive D N A  family was observed 
in the Artem ia sp. D N A  samples (Fig. 5 b, d), while strong

Bm
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Fig. 5. A utorad iogram  o f  hybrid ization  o f n ick-transla ted  pUA41 
plasm id to  Southern  blots o f A lu I partia l (a, b) and  com plete 
(c, d) digests o f  the D N A  o f A . franciscana  (a, c) and the Artem ia  
sp. o f Tsing-Tao (b, d). A  10-gg sam ple o f  D N A  was digested 
w ith 10 units o f enzym e for 5 m in  (a, b) and  120 m in (c, d), sub­
jected  to electrophoresis on  a 2%  agarose gel, and  b lo tted  on to  
a nitrocellulose filter. 1 K b =  1,000 bp

positive signals to  A lu I D N A  were clearly detected in the 
contro l A . franciscana  D N A  sam ples (Fig. 5a, c). These 
results substan tia te  the assum ption th a t the heterochro­
m atic blocks observed by cytological investigations in  A. 
franciscana  and  n o t in Artem ia sp. m ay be rich in the repeti­
tive A lu I D N A  family.

Hybridization in situ

H ere bo th  interphase nuclei and  prophases were considered. 
In terphase nuclei (Fig. 6a, b) differ greatly in  A. franciscana  
and Artem ia sp. the form er being strongly rich in grana, 
and the la tte r showing very few o r no grana. Parallel obser­
vations on prophases show (Fig. 6 c, d) no grana on  the 
Tsing-Tao chrom osom es and  a strong accum ulation o f 
g rana on those o f A. franciscana.



Fig. 6. In terphase  (a, b) and  p rophase  (c, d) nuclei o f  A. franciscana (a,  c) and  Artem ia sp. o f Tsing-Tao (b, d) after in situ hybridization. 
Bars represent 5 (im

Clearly, all the d a ta  confirm  the presence o f  a consider­
able am ount o f  repetitive D N A  localized in heterochrom a­
tin in A. franciscana  and an  undetectable am ount o f  repeti­
tive D N A  in the Artem ia sp. o f Tsing-Tao.

Discussion

The present investigation offers for the first tim e the possi­
bility o f  discussing for the brine shrim p Artemia, the m icro­

scopic structure and D N A  com position o f  its heterochro­
m atin.

Two contrasting  cases were found, one corresponding 
to a well-defined bisexual species (A. franciscana  Barigozzi), 
the o ther to  a  less system atically defined parthenogenetic 
entity, indicated as Artem ia sp. B oth form s are diploid with 
42 chrom osom es. Artem ia franciscana  chrom osom es are 
rich in Giem sa- and quinacrine-positive blocks, detectable 
also in interphase as chrom ocenters. M uch o f  their D N A
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is a repetitive A lu  I m onom er o f 110 bp. This type o f  ch ro ­
m atin  exhibits all the m icroscopic and  chemical structural 
characteristics for being considered heterochrom atin . H et­
erochrom atic blocks are lacking in  the Artem ia sp. o f  Tsing- 
Tao, where only one o r two small m asses were observed 
during prophase.

This contrasting  condition  w ithin a  single genus raises 
questions on the possible links between the two forms, 
which are undistinguishable by m eans o f  m orphological 
characters and  canno t be subm itted to  any genetic investi­
gation  because the cross between a parthenogenetic female 
and a m ale o f  a bisexual strain  or species is infertile.

The presence or absence o f a large am oun t o f repetitive 
D N A  distributed in  nearly all chrom osom es suggests two 
m odels fo r its explanation. I f  it is assum ed th a t the form  
lacking heterochrom atic blocks is the prim itive one; dupli­
cation  and  am plification processes w orking on its small 
am ount o f  heterochrom atin  (the rare  and  th in  bands) m ight 
have led to  the condition  found  in  A. franciscana. If, on 
the o ther hand , it is assum ed th a t the prim itive condition  
is A. franciscana, the postu lated  m echanism  w ould be th a t 
o f repeated deletions.

Obviously the spéciation m echanism s m ust be applied 
to  two bisexual form s, the parthenogenetic form  being de­
rived from  a bisexual genotype.

O ur research supplies no argum ents in  favor o f  one or 
the o ther m echanism . B ut we can quote the hypothesis fo r­
m ulated  by A breu-G robbois and  Beardm ore (1982) th a t 
the A m erican form s are derived from  those living in  E urope 
and Asia. This hypothesis is based also on geological 
grounds.

In  any case the genus A rtem ia  exhibits a rare example 
o f  spéciation steps consisting m ainly in changes o f  a repeti­
tive D N A  sequence. A  final rem ark  regards the lack o f 
a p rim ary  constriction. This condition  m ay suppo rt the view

(Stefani 1965 a, b) th a t the chrom osom es o f  Artem ia  are 
devoid o f  a localized centrom ere.
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