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Abstract. All specimens of Eumetazoa and Parazoa, ranging 
from mammals, birds, teleosts, sharks, lampreys, amphiox
us, insects, down to sponges showed the pp6<Y· .. c associated 
kinase activity, indicating that c-src, which is the cellular 
homologue of the oncogene v-src of Rous sarcoma virus 
(RSV) is probably present in all multicellular animals. Pro
tozoa and plants did not show ppw-.-r: k.inase activity. 

The degree of c-src expression depends on the taxon
omic rank of the Eumetazoa tested, and is organ-specific 
with nervaus tissues displaying the highest kinase activities. 
In the central nervous system of mammals and birds we 
found a high c-src expression, and in that of the lampreys, 
amphioxus, and insects the lowest. Unexpectedly, total ex
tracts of sponges showed an amount of pp6(Y-u&" kinase ac
tivity similar to that of brain cell extracts of mammals and 
birds. These findings suggest that pp6(Y-~ is a phylogenetic 
old proteinthat might have evolved together with the multi
cellular organisation of Metazoa, and that might be of im
portance in proliferation and differentiation of nontrans
formed cells. 

Introducdon 

The detection of cellular oncogenes (c-onc), which are ho
mologous to the transformins genes of RNA tumor viruses 
(v-onc), has stimulated experimental research about the 
function of c·onc and the origin of v-onc. The system best 
investigated, both biologically and biochemically, is that 
of the Rous sarcoma virus (RSV), which contains the onco· 
gene v-src. The corresponding cellular gene(c-src) was de
tected by molecular hybridisation studies [36]. It was shown 
that nucleotide sequences homologaus to v-src are present 
in the genome of all animals tested, including human, calf, 
mouse, chicken, salmon, Xiphophorus, and Drosophila mela
nogaster [12, 19, 26, 33, 35-38]. Both the v-src and the 
c-src code for a Mr 60,000 molecular weight phosphoprotein 
(pp60.-.src and pp60C-.-e, respectively), which has an asso· 
ciated tyrosine kinase activity [7, 9-11, 13, 18, 23, 25, 27-29, 
32]. Until now, the presence ofpp6oc-.-e and its kinase activ
ity has been demonstrated in a variety of mammals, birds, 
in the frog Xenopus, and in 10 closely related species of 
poeciliid fish [2, 25, 29, 31]. 

In the course of a study on the expression and function 
of c-src in normal cells, we have found recently an increased 
expression of the cellular src gene during early embryogene-

sis [3, 6]. Furthermore, an organ-specific expression of c-src 
could be demonstrated in adult fish, chicken, and mammals 
showing decreased activity in muscle but a relatively high 
activity in brain extracts [2, 5]. In an extension of these 
studies we have now investigated the expression of c-src 
by determining the pp~ kinase activity in organisms 
that represent the different taxonomic groups of eukar
yotes. On this basis we present evidence that c-src might 
be present and cxpressed in many or all Metazoa, appearing 
first during phylogenesis in the sponges. 

The common method to assay pp60C.._ kinase activity 
is based on the discovery that the heavy chain of immuno
globulin G from RSV-tumor-bearing rabbit (TBR) sera is 
phosphorylated in tyrosine, when the p~ immunopreci
pitate is incubated with y-32P-ATP [3, 10, 29]. Since the 
v-src gene actually encodes the tyrosine-specific protein ki
nase [t 5], the detection of pp60• .... c kinase activity is taken 
as a measure for tbe expression of the viral src gene. Ac
cordingly, as already shown in the chicken system (3, 6], 
our studies assumed that the cellular pp60'"....rc kinase activity 
reflects in every organism the presence and expression of 
the cellular src gene. 

Methods 

Materials 

The following organisms were used in this study: Labarato
ry rat (Rattus rattus, Wistar strain); laboratory mouse (Mus 
domesticus, BALB/c strain); chicken (Gallus domesticus, 
Spafas white Ieghorn strain); Japanese quail (Coturnix co
tumix, breeding stock); flatfish (Pleuronectes p/atessa/Pla
tichthyes jlesus, Pleuronectidlle); sea robin (Trigla lucerna, 
Triglidae); European roach (Leuciscus rutilus, Cyprinidae); 
river gudgeon (Gobio gobio, Cyprinidae); swordtail (Xipho
phorus helleri, Poeciliidae); codfish (Gadus morhua, 
Gadidae); black striped cichlid (Cich/asoma nigrofasciata, 
Cichlidae); cat sbark (Scyliorhinus canicu/us, Selachit); west
ern brook lamprey (Lampetra planeri, Petromyzoniidae); 
Amphioxus (Branchiostoma lanceolatum); cockroach (Peri
p/aneta americana, Blattopteroidea); rotifer (Epiphanes 
senta); sea-anemone (A.Icyonum digitatium, Anthozoa); 
marine sponge (Halichondria panicea, Desmospongiae); 
freshwater sponge (Spongilla lacustris, Desmopongiae); Tri
choplax adhaerens; Cryptomo1UIS spec.; Chlorogonium spec.; 
Euglena gracilis; Volvox tertius; Paromecium bursaria; Te
trahymena thermophila; red sea-weed (Porphyridium cruen-
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tum, Rhodophyceae); tomato (Lycopersicon escu/entum 
• Cultivar Tropic', So/anaceae). 

Cells and Viruses 

Chicken embryo cells (CEC) were prepared from 8-day-old 
embryos and maintained in Dulbecco's modified Eagle me
dium (Flow laboratories, Federal Republic of Germany) 
containing 5% calf serum. Secondary cells were infected 
with cloned virus of the Schmidt-Ruppin A strain of RSV 
(SR-1). 

Sera 

Antisera were prepared from normal rabbits and from 
RSV -tumor bearing rabbits (TBR-serum). Tumors were in
duced in newborn rabbits by simultaneaus injection of 
Schmidt-Ruppin D strain and Prague C strain of RSV in 
a modification [39] of the procedure described by Brugge 
and Erikson [7]. 

Speciflty of the Antiserum 

Pp6(Y__. can be detected by using antiborlies originally pre
pared for the study of the viral-transforming protein, 
pp60v-•rc. In these studies a TBR-serum (H6) was used, 
whose antibodies were able to react with the viral as well 
as the cellular pp6<F (Fig. 1 ), and which was applied in 
excess amounts. 

Radioactive Labeling of Ce//s and Preparation 
of Ce/1 and Tissue Extracrs 

Cells (107) were radiolabeled for 4 hin 5 ml phosphate-free 
medium containing 32P-orthophosphate (t mCi/ml) (Amer
sham Ltd., United Kingdom). At the end of the labeling 
period, cells were washed twice with cold phosphate buf
fered saline (PBS) and scraped into 1 ml extraction buffer 
(10 mM sodium phosphate, 40 mM NaF, 10 mM EDT A, 
t% Triton X-100, and 5% Trasylol (Bayer, Leverkusen, 
Federal Republic of Gennany) as protease inhibitor, with 
a rubber policeman. Tissue samples, Protozoa, and sponges 
were homogenized in the same buffer using a tightly fitting 
Dounce bomogenizer (10 strokes at 4° C). All subsequent 
steps were perfonned at 4° C. Cells were centrifuged for 
30 min at 6,000 x g and then used immediately for immuno
precipitation. The clarified supernatants were incubated 
with S J,Ll of TBR serum for 60 min. A 10% suspension 
of fonnaline-fixed Staphylococcus aureus [7] prewashed 
three times was added to absorb the immunocomplexes. 
After 30 min the immunocomplexes were centrifuged for 
2 min in an Eppendorf centrifuge, washed twice with 1 ml 
kinase washing buffer (10 mM sodium phosphate, 40 mM 
NaF, 10 mM EDTA, 0,2% Triton X-100, 1M NaCl), and 
washed once with 1 ml water. Labeted samples were washed 
four times with kinase washing buffer and once with water, 
and the pellet was then resuspended in 30 J,Ll of sample 
buffer (2% sodium dodecyl sulfate, 10% glycerol, 0.08 M 
Tris (pH 6.8), 2% mercaptoethanol, 0.02% 3'3"5'5"-tetra
bromophenol sulfonepthalein). This mixture was boiled for 
2 min and centrifuged for 2 min at 10,000 x g and the super
natant was loaded onto a 11% acrylamide slab gel with 
a 2.5% acrylamide stacldng gel [22]. Tbe Iabeted proteins 
were detected by autoradiography after staining, destaining, 
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Fig. 1. Chardcterization and specificity of the TBR-serum used in 
this study. a Extracts of 32P-Iabe1ed RSV-Schmidt-Rupin A in
fected chicken embryo cells (SR-1) and of uninfected 32P-labeled 
chicken embryo cells (CEq, immunoprecipitatcd with nonnal 
rabbit serum (NRS) and two different TBR-sera (H6, A4) and 
separated on 11% polyacrylamide gel. Note: While serum A4 only 
recognizes the pp6()''-c, H6 recognizes the pp60- as well as the 
pp6<Y . .",. b Kinase assay from immunoprecipitates of SR-1, CEC, 
and chicken embryo brain extracts with H6 and A4 serum. 
Immunocomplexes were separated on a 11% polyacrylamide gel. 
53K indicates the heavy chain of the anti-pp60 immunoglobulin 

and drying of the gels. The molecular weight of the proteins 
on the gels was detennined using U·C-labeled protein 
markers (Amersham Ltd., United Kingdom) and 32P
labeled heavy chain of lgG. For quantitation, the radioac
tive gel bands were cut out and solubilized, and their radio
activity was determined by liquid scintillation counting. 

Protein Kinase Assay 

The protein kinase assay was performed according to the 
method of Collett and Erikson [9], except that the incuba
tion was at 4° C. Maximum 32P incorporation occurred 
between 3-6 min [25]. Therefore all kinase assays were per-



formed with an incubation time of S min. Protein A-bound 
immunoprecipitates from unlabeled cell extracts were pre
pared as described above and suspended in t 0 J.1l of Ieinase 
buffer (20 mM I ,3-bis tris((hydroxymethyl) methylamino] 
propane, 50 mM MgCI2, pH 6.8) and 10 111 of approximate
ly 0.1 JiM [;'-32P]ATP (>2,000 Ci/mmol, Amersham Ltd., 
United Kingdom) in 50 JÜ of kinase buffer were added to 
each samplc. The reaction was stopped by adding 1 ml 
qucnch buffer [100 mM sodium phosphate, 10 mM EDTA, 
40 mM NaF, 1 mM ATP (pH 7.0)] to the sa.mples, and 
the Iabeted immunocomplexes were processed for gel clec
trophoresis as described above. The extracts were assaycd 
for protein content. Equal amounts of protein were loaded 
for each sample. Autoradiography and determination of 
radioactivity in the heavy chain of IgG were perfonned 
in parallel for each sample. To confirm that the 32P-labeled 
53,000 band was indeed heavy chain IgG, aliquots of var
ious samples were run under nonreducing conditions and 
the majority of 32P counts was detected in a high molecular 
weight band of > 150,000. 

Protein Determination 

Determination of protein concentration in a supematant 
of the centrifuged cell lysates was carried out on trichloro
acetic-precipitated samples according to the method of 
Lowry et al. [24]. 

Phosphoamino Acid Analysis 
32P-labeled lgG of TBR serum-precipitated immunocom
plex of chicken, mouse, or fish extracts was cut out of the 
gel, eluted from the gel sample, and processed for phos
phoamino acid analysis according to the method described 
by Hunterand Sefton [18] as modified by Ziemiecki et al. 
[40]. 

Results 

Identiflcation of pp6U--

In a variety of multicellular animals we detected a protein 
with kinase activity that reacted with antibodies from 
tumor-bearing rabbit (TBR) sera directed against pp60"-arc. 
The following studies gave further evidence that this protein 
might be the cellular pp6oc-~: (a) No kinase activity was 
found when the immunoprecipitation was done with normal 
rabbit serum. (b) Phosphoamino acid analysis, which was 
performed if the Ieinase activity was at least 500 cpm/mg 
protein, e.g., in mouse, chicken, fish, and sponge (Fig. 2), 
revealed that the phosphorylation site in the lg G was tyro
sine. (c) The kinase activity was not inhibited by the unusu
al nucleotide diadenosine 5', 5"'-P1p4 tetraphosphate 
(Ap4A), as investigated in cell extracts of sponge, fish, 
chicken, and mouse. By this common property the cellular 
kinase is distinguishable from the viral kinase, which is in
hibited by this molecule (Fig. 3) [I, 17]. Other nucleotides, 
like ATP, ADP, GTP, and GDP inhibited both the cellular 
as well as the viral kinase activity. 

Organ Specificity of Expression of pp6oc-- Kinase 

In all metazoan organisms, whicb bave developed organ 
systems, the kinase activity was always especially high in 
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FJg. 2. Identification of phosphoamino acids in phosphorylated im
munoglobulin heavy chain of TBR-H6-serum precipitated Hali
chondria ccll extracts and subsequent pcrformance of the Ieinase 
assay 
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Flg. 3. Effcct of Ap4A on the pp6QC._ and pp60"__ kinase activity. 
Various conccntrations of Ap4A wcre added to the immunoprccipi
tates S min before the phosphorylation was started. Except for 
the addition of Ap4A, the kinase assay was performcd as describcd 
in the Methods scction. 1= no Ap4A. 2 = 100 J1M Ap4A. 3 =SO J!M 
Ap4A, 4 = 10 J!M Ap4A. 53K indicates the heavy chain of the 
precipitated TBR-immunoglobulin. Determination of up counts 
in 53K of the experiment shown: fish; lone 1 = 230 cpm, lane 2 = 
250 cpm, lane 3=240 cpm, lane 4=230 cpm; SR-1; lane 1 = 
5,000 cpm, lane 2 = 2,000 cpm, /ane 3 = 3,000 cpm, /ane 4 = 
4,000 cpm 

extracts of nei"Vous systems. Other organs, like liver and 
spieen, which were investigated in fish, chicken, mause, and 
rat, showed Ieinase activities ofabout 30-50% ofthe activity 
found in brain cell extracts. Extracts of muscle had no or 
barely detectable activity (Fig. 4, Table 1 ). In extracts from 
whole organisms it was difficult and sometimes impossible 
to detect the kinase activity. 

Distribution of pp6fY-arc Kinase in Taxonomie Groups 
of Eulcaryotes 

The presence of the pp6(Y-- kinase was demonstrated in 
extracts of the centrat nervaus system from mammals, birds, 
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Fig. 4. Demonstration of pp6(Y._. kinase activity in sponge and 
fish. Track 1: Halichondria panicea, total extract; track 2: Scylior
hinus caniculus, brain; trad 3: Scyliorhinus caniculus, muscle; 
track 4: Trachurus trachurus, brain; track 5: Trachurus trachurus, 
muscle; track 6: Trigla lucerna, brain; track 7: Trigla /ucerna, mus
cle; track 8: Gadus morhUll, brain; track 9: Gadus morhua, muscle; 
trac:k 10: Pleuronectes platessa, brain; track 11: Pleuronectes pla
tessa, muscle. S3K indicates the heavy chain of immunoglobulin 
G of the pp6CY .... immunocomplex 

bony fish, shark, lamprey, amphioxus, and cockroach. 
From rotifers and sea-anemones no nerve cell extract could 
be prepared at present, and only a total extract was tested. 
These extracts showed no kinase activity. Surprisingly in 
total extracts of sponges, a pp6<Y-.src kinase activity was de
tectable. 

Comparing the activity of the pp6oc-.src kinase, measured 
as 32P incorporation in the pproc-•c immunocomplex, in 
the nervous systems of various eumetazoans, there is a de
crease according to the taxonomic rank (Table 1 ). 
Mammals and birds showed values of about 900 cpm/mg 
protein, which represents the highest activities, while teleos
tean fish bad 25{}-6()0 cpm/mg protein and sharks 200 cpm/ 
mg protein. In the lamprey and in the amphioxus, kinase 
activity was even lower than in fish, i.e., 100 cpmfmg 
protein. In invertebrates, in the cerebral ganglion of the 
cockroach, which is the corresponding organ to the verte
brate brain, kinase activity was similar to lamprey and am
phioxus. U nexpectedly in sponges, which represent the most 
primitive fonn of metazoan organisation, kinase activity 
was about 900 cpmfmg protein, which is as high as in 
mammals and birds. Gemmulae, the physiologically nearly 
inactive reproductive buds of sponges have a greatly de
creased kinase activity (100 cpm/mg protein) compared to 
the dividing, differentiating, and metabolically active adult 
form of sponges. 

All unicellular eukaryotes tested, including the colonial 
flagellat Volvox, Euglena, Cryptomonas, Ch/orogonium, 
Paramecium, and Tetrahymena showed no kinase activity. 
Trichoplax adhaerens, which is regarded to represent an 
intermediate form between the protozoan and the metazoan 
or~ani~tion, al~o.was negative for the tyrosine phosphory
latmg kmase acttVIty. In the red sea-weed Porphyridium and 
in the tomato plant, which were investigated as examples 
from the plant kingdom, no kinase activity was found. 

Discussion 

We have investigated the expression of c-src in a variety 
of organisms ranging from primitive multicellular organ
isms to highly evolved vertebrales. The assay employed was 

Table 1. Occurrcnce of pp~ kinase activity in Metazoa 

Taxonomie Species Extract pp60C--= 
group tested kinase 

activity• 

Mammals Labaratory rat Brain 900 
(Mammalia) (Rattus rattus) Museie 20 

Laboratory mouse Brain 850 
(Mus domesticus) Museie 30 

Birds Japanese quail Brain 150 
(Aves) (Coturnix coturnix) Museie 20 

Chicken Drain 800 
( Gallus domesticus) Museie 30 

Bony fish Flatfish Brain 250 
( Osteichtyes) (P/euronectes Museie 20 

platessa, 
Platichtye:r jlesus) 
Sea robin Drain 250 
(Trig/a lucerna) Museie 20 
European roacb Brain 300 
(Leuciscus rutilus) Museie 20 
River gudgeon Brain 350 
(Gobio gobio) Museie 30 
Swordtail Drain 600 
(Xiphophorus heller~) Museie 30 
Codfish Brain 250 
(Gadu.v morhUll) Museie 30 
Dlackstriped cichlid Drain 250 
( Cich/asoma Museie 20 
nigrofasciata) 

Cartilagenous Cat sbark Brain 200 
fish (Scyliorhinus Museie 30 
( Chondricht- caniculus) 
yes) 
Jawless fish Western brook lamprey Br.lin 110 
( Cyclostomata) (Lampetra planer~) Museie 20 
Acrania Amphioxus Neural cordtOO 

(Branchiostoma Skin 20 
lanceolatum) Museie 20 

Insects Cockroach Cerebra I 
(lnsecta) (Periplaneta americana) Ganglion 180 

Ventral 
Cord 90 
Museie 20 

Sponges Marine sponge Total 900 
(Porifera) (Halichondria panicea) 

Fresh water sponge Total 550 
(Spongilla lacustri.s) Gemmulae 1 00 

• The pp6CY-- kinase activity was determined with the kinase assay 
described in the Methods section and is specified in cpm/mg 
protein 

the quantitation in extracts of these organisms of the tyro
sine kinase activity which phosphorylates the IgG of a TBR 
serum that recognizes the cellular pp6QC·IPC. In previous ex
periments we were able to demonstrate a 60.000 phospho
protein after immunoprecipitation of 32P-labeled extracts 
of chick embryo fibroblasts, chick embryo brain [2, 5, 6}, 
fish brain cells [3], and mouse and rat brain cells (unpub
lished results). In this study we present evidence that also 
in lower vertebrates and invertebrates, a tyrosine phosphor
ylating activity can be detected by TBR-serum. For techni
cal reasons, i.e., because the organs investigated could not 
be Iabeted with 32P-orthophosphate, in the case of animals 
lower than fish, we bad to restriet ourself to the kinase 
assay and therefore could not demoostrate the pp6<Y-~re 
protein directly as a 60,000 protein . 
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No kinase activity could be detected in unicellular eu
karyotes and in plants. Thus, the pp6()"-llr'C seems to bee a 
protein typical for the multicellular Organisation of meta
zoans, appearing first during phylogenesis in sponges. As 
the sponges are known to have evolved in the protero
zoikum, the origin of pp&-nc has to be estimated to be 
over 1.5 x 109 years ago. 

The conserved nature of this protein is demonstrated 
by two characteristics: (1) Aßtibodies produced by rabbits 
against the avian viral protein detect the pp6<Y-.II't kinase 
activity even in sponges. This points to the conservation 
of at least some antigenic determinants. (2) The ppOOC-.II'C 
from uninfected cells of metazoans displays the activity of 
a tyrosine-specific kinase, which in contrast to the viral 
kinase, is not inhibited by Ap4A. This reflects a conserva
tion in function. The ditTerence between the cellular and 
the viral kinase may be due to the different tyrosine phos
phorylation sites in the pp60Y...m: and the pp60"-.ll't (34], which 
in turn may reflect structural differences between the cellu
lar and viral pp6()1rc as observed by immunologic means 
(T. Tamura and H. Bauer, personal communication). The 
organ-specific expression of c-src in al1 metazoans that have 
developed organ systems is consistent with our previous 
data on the organ-specific expression of c-src in fish, with 
brain desplaying the highest kinase activity of al1 organs 
[2, 5]. The organ-specific c-src expression implies a possible 
explanation for the failure to detect pproc-ue kinase activity 
in coelenterates and rotifers so far. In coelenterates, a 
nervous cell system is developed as a 'pseudo-organ • com
prising less than 5% of the total cells of the animal. In 
rotifers the ganglion represents only a minute part of the 
body. In the present study it was impossible to separate 
the nerve cells from the other cell types before performing 
the immunoprecipitation. Thus, an anti-pp60'-- reactive 
protein in the nerve cells may be scattered by the non
reactive extracts from other cell types in the extract mixture. 

So far, little is known about the possible function of 
the cellular src gene and its product. The organ specificity 
of the pp6oe-".c, which is obviously conserved in all 
Metazoa, points to a function in normal cellular metabo
lism or proliferation, as suggested recently by our group 
[3, 6]. On the one hand, high Ieinase activities in the nervous 
cell system, which is composed nearly exclusively of nondi
viding cells, implies that pp6oc-.II'C activity is not necessarily 
related to cell proliferation in every case. On the other band, 
low kinase activities in the physiologically inactive and non
dividing gemmulae of sponges and high activities in the 
metabolically active and proliferating adult sponge, support 
the hypothesis that pp6<Y_.,.c might play a role during cell 
proliferation and differentiation [3, 6). In the light of this 
consideration, the pp()O"'C could be regarded as a multifunc
tional protein, as shown for the viral protein [8, 14, 16] 
and as proposed for the cellular protein [4]. Because of 
the relationship of the amino acid sequence of pp60- with 
that of the presumably transforming protein of Y73 virus 
[191, which also shows kinase activity [21], we cannot 
exclude the possibility that in one or the other case it is 
not p~src which is being detected but a kinase activity 
related to it. 

To leam more about the function of cellular oncogenes 
in cell proliferation and cell differentiation in multicellular 
animals, the weil understood genetic systems and cell physi
ologic model· systems of 1ess complex organisms will be 
useful. 
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