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ABSTRACT 

Signa l transduction cascades are cri tical components of in tra- and inter-cellular communication. Key 
component of such cascades includes tyro ine kina es . One such fam ily of tyro ine kinase is the Tec famil of 
tyros ine !tinases . Thi fam ily of tyrosine kinase is expres. d m ainly in cells of the hematopoietic lineage, and 
mutations in at lea. l onc of it. n member of this fam il y, Btk, has so far been as oe iated with the human 
immunodeficiency disorder X-Linked Agammaglobuli nemi a. Tw maj r isofonns of the Tec transcript, re ferred to 
as Teclll and TecfV. hav been detected in various mouse embryonic and adult ti ues, as well as in a number of 
d iITerent hematopoietic cell lines: Tec IV is the full length Tec protei n with functional PH, TH, Sill , H2 and 
Kinase domains, while TeclJI is gen rated by the sp licing out of exoll 8 sequences to yield a hortcr peptide with 
a non-functional SH3 d main. Us ing G P-TecTII fusion proteins, this horter isofonn ofTec was shown to have 
biological characteristics that differed from eerY. 
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INTRODUCTION 

Tyrosine kinases are important constituent 
of the various signal transduction pathways that 
operate within cells. The Tec fam ily of protein 
tyrosine kinases is a member of the much larger 
family of non-receptorlintracellular prote in 
tyrosine kinases depicted in F igure 1. Tec family 
kinases arc generally re, tricted to cells of the 
hematopoietic lineage with some relati ely high 
degree of lineage specific ity, though arious 
member of the family have been detected in a 
ub el ofnon-hematopoietic ti sues(Mano et a1., 

1990. Siyanova et a I. , 1994; Heyeck and B rg, 
1993; Smith et al., 1994' Tamagnone eta!., 1994; 
Sommers et aI., 1995). 

The Tee fam ily includes Tee (Mano et aI. , 
1990), Btk (T homa e t a !. , 1993 ) , Bmx 
(Tamagnone et al. 1994). Itk (Si lic iano et aI., 
1992) and Txk (Sommers et 1., 1995), making 
it the second largest family of in tracellular 
Protei n Tyrosine Kinases (PTKs) . They are 

characterised by the presence of Src Homol gy 
(SH-)3 , Src Homo logy (SH -) 2 and ki nase 
domains. Th N-tenninal region of Tec kinases 
typically consists oCa Pleckstrill Homology (PH) 
domain which i fo llow d by a Tee Homology 
(TH) region (Vihinen et a I. , 1994) and one or 
two prol ine rich regions (PRR), except in Txk. 
which lacks the ~barac teristic PH r gion and has 
a shorte r cysteine ric h sequ enc ins te ad 
(Sommers et aI., 1995). Together wi th the PH 
domain, the TH region fonns a structural unit 
that is high ly cbaracteristic of the Tee family and 
is r ferred to as the PHTH domain with 38-50% 
sequence identity shared between Tee fam ily 
members (excluding Txk). 

Mano first rep rted the isolation of Tee in 
1990, since then at least five Ii. c mRNA isofonns 
have been reported in the li teratu re that di ffer in 
the PHTH, SH3 and kinase regions (Mano et aI., 
1990; Mano et aI., 1993). Thes transcripts give 
ri e to proteins that vary in their PHTH, SH3 
and kinase domains respectively. The study 
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Figure I. Nonreceptor protein tyrosine kinases (adapted (rom Bunter. 1998). i ntracell ular prot in tyr me 
kinase fruuil ies are arra nged according to their econdary tmcture. Common domain are depicted as 
shaded boxe . The various domains repre ented in th i. diagram include the SH3 SH2 and Kinase 
domains as well as the PH anJ TH domains character istic of the Tee family of protein tyrosine kinase . 

(SH: Src HomoloQy, PH: p leckl trin Homology, TH: Tee Homology) 

de cribed in Ihis paper concentrates on two of 
the e transcripts, Ted!! and TeeIY. Translation 
of Tee ill and IV occur in reading frame 1 and 
initiates at the fir t ATG codon located in exon 
2. The full length TecJV transcript encodes 
functional PHTH, SH3, SH2 and ki nase 
domains, but no Src-like negative regulatory Tyr 
res idue is pre ent in the C-tenn inal tail of the 
kinase domain. Compared to TecIV, Tecm has 
a inmcation of 22 am ino acids that i predicted 
to remove critical structural componenls of the 
SH3 fold . Studies by Andreotti et al. ( 1997) ha e 
revealed that the H3 domain of Tec kinases is 
capable of interacting with poly-proline rich 
sequence(s) in the PRR region ofwhich Tec has 
two. Similar interactions have been reported for 
Tec (Pursglo e et aI. , 200 1). This interaction i 
predicted to prevent the docking of other SH3 
binding protein thus effectively sequestering the 
SH3 from other signalling molecules. 

Becau e of the d ifference in their SH3 
domains, TecIll and IV potentially differ in their 

biological characteristics includi ng in the range 
ofprotein-prote in interactions in which they can 
partic ipa te . Some of these differences are 
addressed in thi tudy. 

MATER lALS AND METHODS 

Plasmid pEGFP-C2 wa a kind gift from 
Dr. S. McCo ll (Departmen t of Molec u lar 
Bio cience , University of Adcl ide). Plasmids 
pEGFP-C2-TecIH pEGFP-C 2-TeclV were 
p rov ided by Dr Anita Merkel (Department of 
Molecular Biosciences, University ofAd la ide). 
Chi nese Ha mster Ovary (CHO) ce ll s were 
maintained at 37°C in DMEM (GlB ° Life 
Technologies) supplemented wi th 10O/C (v/v) feta l 
bovine erum, under 10% CO:. For fl uorescence 
microscopy. cells were p lated on glass cover s lips 
in 6-well pi te at lOs cells/well . 

Large scale preparation of plasmid DNA. Large 
scale DNA preparations were obtained from 500 
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ml cultures ofLB supplemented with ampicillin 
(lOO)1g/ml) inoculated with a single bacterial 
colony and grown at 37°C with shakin 
overnight Bacterial cultures were centrifuged 
at 5,000 T.p.m. for 10 min. Pellets were 
re upended in 16 ml Solution 1 (50 mM 
Glucose, 25 mMTri pH 8.0,10 mM EDTApH 
8.0) and Illcubated at room temperature for 5 
min. Cell were ly ed in 40 rol Solution 2 (0.2 
M NaOH, 1% (w/v) SDS) for 10 min on ice 
and neutralised on ice with 30 mJ Solution 3 (5M 
Pota sium acetate, 11 .5% ( Iv) glaCIal acetlc 
acid) for 10 mm . Ce llular protein and 
chromosomal DN were removed by 
centrifugation at J3,000 r.p.m for 15 min . To 
precipitate pIa mid DNA, equal volumes of 
isopr panol were added and pellets w re 
sub. equently collected by 15 min c ntrifugation 
at 12,000 r.p.m. (4°C), rcsu pended 10 400)11 Ix 
TE and tran ferred to fr sh 1.5 ml cppendorf 
tubcs. Bacterial RNA was Tcmo\ed with 50 )11 
RNa "e A ( IOmg lml) at 37"C for 30 min, and 
DNA preparations were further cleaned by 
phenol/chlorofom1 and chloroform extrachons. 
Pia mid DNA wa finaUy pre<.:lpltated with 2.5 
volumes 95% ethanol at maxllnum peed 
Pelle were then washed with 70 f!lf' ethanol and 
resuspended in Ix TE. 

e CI purification ofplasmid DI''1A. Plasmid 
ON required for transfections into mammalian 
cell are reqUIred to be ofhigh quallry and purity. 
Typically. approximately 300 ~lg ot plasm'd 
D 'A prepared following the protocol described 
in eCllon 2.3.2 was re uspended 111 720 )11 Ix 
TE with 1.26 g CsCl. FO\lO\\-LDg Lhe addition of 
120 ~I of the DNA intercalating agent ELBr 
( IOmglml), the DNA-contalllmg olution wa 
underlaid InLO a TL 100 tube (Beckman) 
contaming 1.4 mJ C CI (65% (w/v» . The tubes 
were eaJed and centrifuged at 100,000 r p.m. 
for 3 hr. at 20°e. Plasmid DNA was drJwn with 
a I ml syrmge, transferred to 1.5 ml eppendorf 
lubes and extracted 3x with equal volumes f 
HP saturated butan-I 01. and precipitated with 
I'WO volume of951yo Ethanol. DNA pellets were 
collected b:r centrifugation at maximum speed 
at room temperature to 10 min. Pellets were 
finally nosed with 70% eLhanol and the DNA 
was resuspended in I x TE. 

COS-J cell Culture. COS-I cells were routinely 
maintained at 37°C in DMEM (GTBCO, Life 
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Technologies) supplemented with 10%(v/ ) fetal 
bovine serum, under 10% CO,. For 
immunofluorescence cells were plated ~n glass 
cover s lips in 6-well plate at lOS cells/well. 

Fugene™ transfection of GFP construcl in 
COS-l Cells. Transient transfection required for 
immunohi tocbemical analy i of Tec isoforms 
were carried out in 6 well plates. Briefly, I 0' 
cell were plated on gla s cover slips 24 hours 
prior to tean fectlon. Cells were transfec ted 
according to the manufacturer's in truction. 
Typically, 3111 tral1sfection reagent were diluted 
in 97)11 ::.erum-free DMEM and incubated at 
room temperature fo r 5 min The diluted 
transfeetlOn reagent was subsequently added to 
l)1g of purified pia mid and complex formation 
va carried out at room temperature for 15 min. 

This mixture was finally added to freshly 
changed mediulD on adherent cell layer. 

Fluorescence micro copy. GFP and GFP fu ion 
protein were vi llah cd after 24 hours in PBS 
using a Nikon inverted (ECLIPSE TE 300) 
O1lcroscope. To visualise nuclei, cell were fixed 
in pre-chilled methanol for 2 mm, rehydrated in 
PBS for 15 minutes and penneabilised in PBS! 
o 1% TritonX-1 00 for 10 min. NucleI were 
::.tained With Hoechsl (l )1g/ml) for 30 sec and 
thoroughJy wasb.::d in PBS/O. l % Tween-20. 

RESULTS AND DISCUSSION 

Characterisation of the ubcellular 
locaU ation of GFP-TecID and GFP TeclV 

BIOlogical differences between TecJlJ and 
TecJV were Investigated using fUSIOn gene 
consistmg of Teclll or IV eDNA sequences fu ed 
in frame to the 3 end of the green tluore. cenl 
protein (GFP) coding region. The fluore cent 
GFP mOiety enables direct visualisation of the 
fusion protein in living cells by fluorescence 
micro copy Without the need for fixation and 
immUIlostalOlng Thi permit comparative 
tudles of tbe ubcelluJar distribution of the two 

IsoCorm ofTec to be carried out in hving cells, 
in real time, and facilitates the characteri ation 
of anticipated translocation(s) in the presence 
of specific stimuli. All transfection w re 
transient to avoid the selection of nOl1­
repre entative clones that might ari e from the 
procedure of establishing stabI lransfectants. 
Plasmids carrying GFP-Tee fu ion equences 
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were transfected into COS-] cells. COS-l cells 
are routinely used as a model system for transient 
transfection experiments . They grow adherently 
as flattened cells with large cytopla mie volumes 
which facilitates the visualisation of the 
subcellular distribution of fu ion proteins in 
lran fected cells. Th ubcellular localisation of 
Tee fusion proteins is expected to reflect that of 
it endogenous counterpart , although it is 
possible that the exogenous overexpression 
sysLem used in the e lransfection might affect 
the fluorescence pattern observed. 

The sizes of the fll ion protein product 
were confinned by We tern blotting analysis of 
whole cell Iysates (Figure 2G) . GFP fusion 
partner alone yielded the predicted 29 kD GFP 
product, while GFP-TeclV and GFP-TecIll 
migrated at the lOOkD mark. Surprisingly GFP-

Tecm appeared to migrate slower than OFP­
TecIV despite its 2kD deletion . This is proposed 
to reflect differences in post- tra nslationa l 
modification of the two pep tides, most likely 
pho phorylation 

Visualisation of GFP transfected ce\1s was 
carried out on a Nikon inverted (ECLIP E 
TE300) microscope. OFP was present diffusely 
in the ytoplasm and nucleus oftrans fee ted cells 
and howed no specific subcellular localisation 
(Figure 2A). The GFP-PHTH fusion protein was 
al 0 pre ent diffusely in the cytoplasm and 
nucleus of trans fee ted cells (Figure 28). Rarely, 
in less than 5% of transfected cells, OFP-PHTH 
expre ing cell were identified that were 
phenotypically distinct from the re t of the 
population. These cell ' were mostly larger than 
other transfectants and displayed exten ive 
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Figure 2. 	 Cbaracterization of the subceliuJar localisation ofGFP fu ion proteins in COS-l cells. Fluorescence 
analysi ofC S- 1 eells expressing (A) OFP. (B) GFP-PHTH. (C-D) GFP-TecIlI and (E-F) GFP-TecIV. 
5xl06 OS-l cells were transfected wiU1 21lg plasmid DNA (A) pEGFP-C2, (B) pEOFP-C2-PHTH. 
(C-O) pEGfP- 2-Tec3 and (E-F) pEGFP-C2-Tec4 for 18 hours at 37°(' using the Fugeoel'1 transfection 
sy tern . Cells were grown at 37uC in complete medium for at least 24 hours prior to vi ualisalion. The 
arrows in (9) mark membrane rume-like region cbaracteri ed by plasma membrane fluorescence. The 
arrow in C marks cells with rounded morphology. The '" in (0) highligh ts cell wi th asymmetrical 
distribution of plasma membrane GFP-TeclII and the arrows high light fluorescent ftlopodia xten ion . 
The arrow in (E) points to vesicular-like, punctate fluorescence of OFP-TeelV and the arrow in (F) 
shows j uxtanuclear OFP-TecIV. 9ar= 100?M (A-C; E) and 1O?M (0 & F). (0) Western immunoblot 
analysis of total celllysates prepared from COS- I cells expres ing GFP, GFP-TcclV and OFP-Tecill. 
Protem sample were eparated by SDS-PAG elcctrophor sis on an 8% Tri -tricine polyacrylamide 
gel, transferred to a nitrocellulo'e membrane (Hybond-C), probed with OFP-specific antibody and 
HRP-conjugated anti rabbit antibody, and detected by enhanced chemilum inescence. 
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cytoplasmic exten, ions and membrane ruffle­
like structures that were enriched with GFP­
PIITH (Figure 28 arrow). 

When TecIV was fused to the -tenninus 
of OFP, a distinct change in the subcellular 
di tribution of the fusion protein compared to 
that ofOFP or PHTH alone was ob erved (Figure 
2E-F). In general within a . ingle population of 
tran fected ce ll, three di tinct flllore cence 
patterns were observed that included: (i) diffuse 
staining in the cytoplasm and nucleus of 
transfected cells undistinguishable from that of 
GFP alone. (ii) Intense punctate sta ining 
generally in combination with diffuse 
fluorescence in higWy fluorescent cells (Figure 
2E arrow). This wa suggestive of vesicular 
di tribution and appeared to be as ociated with 
fine structures extending from the cytoplasm. An 
intense juxta-nuclear pool of fluorescence, 
suggestive of the endoplasmic reticulumJgolgi 
network, was also ob erved in the majority of 
the e cell (Figure 2F arrow). ( iii) Plasma 
membrane stain ing that was in genera l 
accompanied by punctate fluorescence. 

The pattern of fluorescence observed for 
GFP-Tecm fusion proteins wa distinct from that 
described above. Although, overall the same 
three patterns wer identified, a larger proportion 
of tran fee ted cells howed intense plasma 
membrane localisation of the fu ion protein in 
ruffle-like membrane projections, as well as in 
fine filopodia-like extensions (Figure 2C-D). 
Intere tingly, two distinct populations of GFP­
TecTIl cells appeared to exhibit plasma 
membrane localisation ofthe fusion protein. The 
first population of GFP-TecIIJ cells had larg 
cytoplasmic regions, generally accompanied by 
an intense juxta nuclear pool of GFP-TecIIT 
fusion proteins and plasma membrane Localised 
GFP-TecIIl in plasma membrane ruffle-like 
region (Figure 2D asterisk and arrow) 
suggesting a potential role for TeclII in the 
formation of such structures. The second group 
of OFP-TecHI cells were smaller and had 
typically round cytopLasm with di tinctive 
intense plasma membrane fluorescence (Figure 
2C arrow) . Because they often possessed 
maller, condensed nuclei it was expected that 

the e represent a subpopulation of poorly 
growing cells. 

As previously described, the population of 
transfected GFP-TecIU and TecIV cells were 
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heterogenous in their fluore cence pattern. The 
proportion ofeach characteristic pattern was thus 
quantified to provide an insight into the major 
characteristics that differentiate the two major 
isofonns ofTec. As described in Figure 3, 100% 
of GFP and approximately 98% of OFP-PHTH 
transfected ceLIs showed diffuse cytopla mic! 
nuclear localisation, while only 50% GFP-TecIV 
and less than 10% GFP-Teem transfected cells 
showed the same diffuse staining pattern. 
Plasma membrane targeting was only observed 
in approximately 2% of GFP-PHTH cells, J5% 
ofGFP-TeeIV ceUs and 45% ofGFP-Tecill cells. 
Plasma membrane targeting was thus most 
prominent in GFP-Tecm cells compared to OFP­
TecIV ceLis. Punctate fluorescenc was scored 
ba ed on the presence of distinctive vesicular­
like fluore eence, with or without the presence 
of an intense juxta-nuclear pool of fusion 
protein . When punctate fluo rescence was 
observed in cells with an otherwise diffuse 
fluorescent pattern, those cell were counted a 
puncta te . As seen in F igure 3, s imi la r 
prop0l1ion ofTecill and GFP-TecIV expressing 
cells displayed vesicular punctate staining 
althou gh the appea rance of the pu nctate 
distribution was generally different (Figure 3C­
F). 

In ummary, in the absence of external 
. timuli , full length GFP-TecIV i diffuse in the 
cytoplasm of transfected cells and shows lower 
levels of tyrosine phosphorylation than GFP­
TecITI which shows higher incidence of plasma 
membrane targeting. This suggests a role for a 
functional SH3 domain in preventing plasma 
membrane targeting and activation of Tec. 

Under normal conditions, it is expected that 
a functional SH3 domain, such as that ofTeeIV, 
interacts with negative regulators and/or internal 
SH3 binding ites to prevent the redi. tribution 

f TecIV to the plasma membrane . 
Phosphorylation of the activation loop tyros ine 
and subsequent pho phorylatioD of the SH3 
domain tyrosine residue is predicted to displace 
such interaction(s) thus permitting plasma 
membrane targeting and activation ofTec. The 
truncated SH3 domain of TecIll is unable to 
mediate these negative regulatory interactions. 
It is possible that plasma membrane targeting 
motifs of the PH domain of Tecm are largely 
exposed, and/or that SH3 binding sites in the 
PRR are also available to potential SH3 binding 
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Figure 3, Quantitation of ubceUular pattern of GFP tluorescence in the population of COS-l transfected 
ceU ', 5x I 06 COS-l cells were transfected with 2~g of the following pia mid DNA pEGFP-C2. pEGFP. 
PHTH, pEG FP-Teclll and pEGFP-TeclV as described in Figure 3.7. Staining patterns were quantitated 
from images captured u ing a Nikon (EeLlP TE300) inverted microscope. Briefly, cells were 
visualised using Adobe Photo hop 5.5 and approximately 200 cel ls were counted in each case. Cells 
expressing diffu e a well as punctate fluorescence were scored [IS punctate. An example ofeach subcel­
lular localisation patt rn i shown benea th the graph. 

proteins. Either one, or the combination of these 
interactions, might then facilitate the targeting 
of the truncated protei n to the pIa rna membrane. 
Redistribution ofTecfIl to the plasma membrane 
in tum spatially po itions Teelll in proximity to 
plasma membrane localised Sre fam ily kinases 
that are Lhen able to phosphorylate and activate 
TecIll. 
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