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Summary 

Tartrate resistant acid phosphatase (TRAP) is a metalloenzyme, mostly expressed in 
osteoclasts and macrophages. TRAP exists in a monomeric enzymatically inactive and a 
cleaved enzymatically active isoform. In osteoclasts, TRAP has been suggested to participate 
in bone resorption and to be secreted by osteoclasts. Recent data has additionally shown that 
TRAP induces differentiation of pre-osteoblasts, while monomeric but not cleaved TRAP 
induces proliferation and differentiation in adipocyte precursor cells which, just as 
osteoblasts, are of mesenchymal stem cell origin. In light of these data, TRAP has been 
suggested to function as a growth factor and that there are differential roles of the uncleaved 
and cleaved isoform.  

The aim of the project was the creation of TRAP-over-expressing and knock-down pre-
osteoblasts, pre-adipocytes and fibroblasts for future investigation of the role of TRAP-
expression during their differentiation and proliferation. Moreover, an attempt to generate a 
vector carrying the mouse TRAP insert for future transfections was also made. 

The generation of over-expressing and knock-down cells was done by stable transfection with 
vectors carrying the full length coding sequence (CDS) for TRAP and shRNA constructs, 
respectively. For the pre-adipocytes and fibroblasts, increase of the TRAP mRNA expression 
and enzyme activity in the over-expressing cells and decrease on mRNA expression in the 
knock-down cells was observed when compared to normal or mock-transfected cells. 
However, for the over-expressing pre-osteoblasts, no difference on the mRNA level was 
detected. For the knock down pre-osteoblasts, increase of TRAP mRNA expression was 
observed which might be due to the insertion of siRNA. The cloning of mouseTRAP into the 
vector was evaluated through restriction analysis that showed that further trials need to be 
made for the generation of the construct. 
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Introduction 

Tartrate resistant acid phosphatase (TRAP, E.C.: 3.1.3.2)  also known as purple acid 
phosphatase (PAP) (38) or acid phosphatase type 5 (Acp 5) is a metalloenzyme that belongs 
to the group of acid phosphatases. TRAP is mainly expressed in macrophages and osteoclasts 
but also in some epithelial cells and neurons (14, 16, 21, 22). For that reason, the enzyme has 
been extensively used as a marker for osteoclasts. Moreover, since osteoclasts are related to 
bone resorption and it has been suggested that TRAP could be used as a marker for 
pathological bone resorptive conditions (8, 14).   

1.1 Gene Structure 

Human TRAP is located on chromosome 19 (29) on locus 19p13.2 (24), while the mouse 
TRAP gene was found to be located on chromosome 9. Mammalian TRAP genes have high 
sequence similarity and gene structure (4). 

The murine TRAP gene contains 5 exons and 4 introns and is regulated by three promoters 
located upstream of alternative exon 1; 1A, 1B, 1C (figure 1) (39). It has been suggested that 
TRAP promoters are differentially active in a tissue specific pattern, such as that 1B regulates 
expression of TRAP in macrophages and epithelial cells in the liver and kidney, while 1C acts 
in expression of TRAP in myeloid hematopoetic cells, e.g. macrophages and osteoblasts (33, 
39). 

 

Figure 1. Gene Structure of mouse TRAP. Alternative exon 1 (E1, A,B,C) 
 
 
 
 

1.2 Structure of TRAP 

Two structures of the TRAP enzyme are available up to date. Its structure is that of a β-
sandwich surrounded by α-helices. The residues participating mostly in the active site are 
H195, H92, H223, D14 and Y55 which are also the residues that coordinate with the two iron 
atoms (37). Comparison between the mammalian rat TRAP and other purple phosphatases 
shows that the general structure of the enzymes is quite similar but differences occur at the 
substrate binding pocket. (26) 

As shown in figure 2, TRAP has been crystallized as both monomeric (37) and proteolytically 
processed (26) forms. In figure 2a the form of TRAP containing the loop domain (Ser145-
Val161) is shown (Protein Data Bank I.D: 1qhw), while in figure 2b the cleaved form is 
demonstrated (Protein Data Bank I.D: 1qfc).  
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The cleavage takes place in the loop demonstrated by red in figure 2a. When the loop is 
excised by proteases, the spectroscopic properties and kinetics of the active site are altered 
due to the excision of Asp146 that interacts with a residue of the active site in the monomeric 
form and affects the divalent metal ion (13). 

    

Figure 2. TRAP structure. A. Uncleaved monomeric form of mammalian TRAP. The excised loop that is not 
present on the cleaved form is colored red. B. Proteolytically cleaved form of mammalian TRAP (pdb 1a: 1qhw, 
1b: 1qfc) (Pictures created using Swiss PDB viewer software) 

 

1.3 Posttranslational modifications of TRAP 

Mammalian TRAP has a molecular weight of approximately 33-35kDa (10), contains a redox 
activedi-iron active site and is synthesized as a low activity proenzyme (monomeric or 
isoform 5a) (9, 20)  that targets against tyrosine and serine/threonine phosphorylated 
substrates (27). Besides the monomeric form, TRAP has been found to exist in the cells in a 
dimeric form (proteolytically cleaved also called isoform 5b), where two fragments of 15 and 
21-23kDa are bound through a disulphide bond (32). As described for the structure of TRAP, 
the second isoform occurs from the proteolytic cleavage of the isoform 5a in the loop region 
(Ser145-Val161) that leaves the active site more exposed to the substrates (21, 27). In 
osteoclasts, the activation of TRAP occurs when the exposed loop is excised by cysteine 
proteinases (figure 3) (28). The dimeric active form has several substrates such as β-
umberlliferylphosphate and p-nitrophenolphosphate (30) (31) 
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Figure 3. Proteolytic cleavage of TRAP. The loop region is in front of the active site. After the cleavage of the 
loop by proteases the active site is accessible for substrates. 

 

 

1.4 Biological Function and expression pattern of TRAP 
 
In Osteoclasts and bone metabolism 

As previously mentioned, TRAP is mainly expressed in osteoclasts where its presence has 
been related to bone resorption. More specifically, it has been suggested to participate in the 
intracellular degradation of collagen fragments (15). Additionally, it has also been suggested 
that TRAP participates in the migration of osteoclast on the bone surface by 
dephosphorylation of osteopontin (OPN) (11). Moreover monomeric TRAP has been shown 
to be secreted from osteoclasts (35) and cleaved in the lacuna (19). Another study that 
strengthens the involvement of TRAP in bone resorption comes from generated TRAP 
deficient mice. These mice develop mild osteopetrosis with decreased bone turnover and late 
mineralization, indicating that TRAP in osteoclasts serves as a regulator of normal bone 
formation by controlling bone resorption and mineralization (17, 18) 

 

In mesenchymal cells  

Mesenchymal Stem Cells (MSC) were originally described by Friedenstein in 1966 and are 
non-hematopoietic cells that have a high differentiation lineage potential and are derived from 
the bone marrow (12). MSCs can also be found in several adult tissues such as adipose tissue, 
periosteum, muscle, teeth, trabecular bone, etc. ( reviewed in (5)). One of the criteria of MSC 
is their ability to differentiate into osteoblasts, chondrocytes and adipocytes (figure 4) (6).  
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Figure 4. Potential Differentiation of MSCs  

 

It has been shown that the cleaved isoform of TRAP can induce differentiation of osteoblasts. 
More specifically, in osteoblasts TRAP seems to interact with receptor TRIP-I which when 
bound to TRAP triggers a TGF-β differentiation pathway. In this way osteoblasts are rapidly 
driven to differentiation (36). 

 Recent data has additionally shown that monomeric TRAP over-expressing mice develop 
hyperplastic obesity. Monomeric TRAP, but not proteolytically cleaved TRAP, was found to 
induce differentiation and proliferation of adipocyte precursor cells, suggesting that there is a 
different role for this isoform. (23) 

 

Uteroferrin in iron metabolism and proliferation 

Moreover, uteroferrin a pig TRAP analog, has been found to act as a growth factor for 
hematopoietic stem cells (2). Uteroferrin was also shown to participate in iron transfer from 
mother to fetus on pigs. Uteroferrin acts by transferring its iron to fetal transferrin (3, 7). 
Moreover, it has also been suggested that TRAP expression is regulated by iron (1).                                          

 

1.5 Methodology 
 

Short interference RNA and short hairpin RNA construct 

Short interference RNA has been extensively used for the inhibition of expression of genes. 
siRNA exists naturally in cells, and acts by targeting to complementary sequences on the 
mRNA produced by the cells. When siRNA is bound to the mRNA the double stranded RNA 
becomes a target for RDE-1 nuclease and is degraded (39) 

Based on RNA interference technique short-hairpin RNA constructs can be produced. The 
construct consist of a vector carrying a sequence that after transcription makes tight short-
hairpin turn with sequence complementary to the target gene (figure 5). The short hairpin is 
recognized by the Dicer enzyme that digests it to siRNA. Since the short hairpin is included in 
the vector, it is transferred to daughter cells, thus, providing a suitable vector for stable 
inhibition of genes in cell lines. 
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Figure 5. Mechanism of RNA interference by shRNA 

 

 

1.6 Aim of study 

The present study is based on the findings mentioned above concerning the ability of TRAP 
to induce differentiation and proliferation in mesenchymal cells such as adipocyte and 
osteoblast precursors.  

The aim of the project was the generation of TRAP over-expressing and knock-down pre-
osteoblastic, pre-adipocytic and fibroblastic cell lines in order to further study the mechanism 
by which TRAP induces proliferation and/or differentiation. The future goal is the use of the 
generated cell lines to study the differentiation and proliferation pattern, in relation to TRAP 
levels. 

In an attempt to create those models, mouse pre-osteoblasts 3T3-E1, pre-adipocytes 3T3-L1 
and fibroblasts NIH-3T3 were submitted to stable transfection with vectors carrying the 
TRAP cDNA or shRNA for over-expression or knock-down respectively.  
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Results 

2.1 Generation of the pUIN-mouseTRAP construct 

For the cloning, as described in the materials and methods section, the TRAP insert was 
amplified using primers with overhangs and then ligated to the TOPO TA vector. After 
restriction analysis using the EcoRI enzyme the clone that carried the insert was used for 
further digestion with EcoRI. In figure 6a, the gel analysis of the TOPO TA vector after 
digestion is shown. As it is shown after digestion, clones 1-5 contain the TRAP insert. After 
the digestion, the insert with the EcoRI sites on both ends, was gel purified and ligated to the 
pUIN vector, also digested with the EcoRI to create complementary ends.  

In figure 6b, the restriction analysis of the clone generated after the ligation of the TRAP 
insert to the pUIN vector is shown. The restriction was done using PstI restriction enzyme as 
described in materials and methods.  After restriction only one band was generated, indicating 
that the insert is not present in the vector.  

 

 

a. b.  

Figures 6: Restriction analyses from cloning procedure.  a. Analysis of the TOPO-TA vector after ligation 
and transformation into TOP 10 competent cells. The restriction analysis was done using the EcoRI enzyme. On 
lane 1 the 100bp DNA ladder was loaded. Lanes 2 and 8 are loaded with empty digested vector that serves as 
control. Lanes 3 to 7 correspond to clones 1-5. b. Restriction analysis of pUIN vector, generated after ligation. 
Lanes 2 and 3 correspond to the same sample (digested clone). The control used is shown on lane 1 and 
corresponds to the uncut plasmid.  

 

2.2 Construction of cell lines with a stable over-expression of TRAP 

The stable transfection was performed in order to generate clones that carry the constructs of 
interest through several generations of cells. The cells are intended to be used for 2-3 weeks 
long differentiation experiments so there was a need for constant over-expression or knock 
down of TRAP expression.  

The expression of TRAP was measured at both the mRNA level as well as at the enzyme 
activity level. In order to compare the TRAP expression, the cell lines transfected with the 
constructs carrying the TRAP insert were compared to the mock transfected cell lines (cell 
lines transfected with empty vector), using two different primer sets for TRAP. More 
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specifically, one pair of primers was specific for the mouse TRAP construct while the second 
pair was mouse and rat TRAP specific.  

The two pairs of TRAP primers gave slightly different results, but in both cases, the mRNA 
expression of TRAP seemed to be increased in the over-expressing pre-adipocytes (3T3-L1) 
and fibroblasts (NIH-3T3) when compared to mock-transfected cells. Moreover, the TRAP 
mRNA expression of untransfected 3T3-L1 cells was compared to the mRNA expression of 
mock-transfected cells and was shown to be 3-7 times higher. However, for 3T3-E1 cells of 
clone 4 there is no significant increase of TRAP (table I). 

Apart from the mRNA level determination, the enzyme activity was measured and compared 
for the 3T3-L1 and NIH-3T3 cell lines through the pNPP assay. For the 3T3-L1 cells the 
enzyme activity of over-expressing cells was compared to that of untransfected cells, while 
for NIH-3T3 cells, the enzyme activity of over-expressing was compared to mock transfected 
cells (table I). For both over-expressing cell lines an increase in the enzyme activity was 
observed. For the 3T3-L1 cells this is in accordance with the results of the TRAP mRNA 
expression. However, the increase in the enzyme activity is lower than the increase in the 
mRNA level. For 3T3-L1 cells, since the comparison is against the untransfected cells and not 
mock transfected, the lower increase might relate to the difference of mRNA expression 
between untransfected and mock-transfected cells, since the mock-transfected cells have 
lower TRAP mRNA levels than untransfected cells.  However, for the NIH-3T3 cell lines, the 
same pattern was shown, even though only mock-transfected cells were used as a control. 

 

Table I. Over expression of TRAP on mRNA and TRAP activity level after transfection and selection. Fold 
difference of TRAP over-expressing cell lines. The fold difference was calculated comparing the TRAP over-
expressing cells to the mock transfected cells. 

  TRAPmRNA TRAP enzyme 
activity 
n=1 

Cell 
line 

Transfection Fold 
difference 
mTRAP 
primers 

Fold 
difference 
mrTRAP 
primers 

 SD 
mTRAP/mrTRAP 

qPCR repeats 
mTRAP/mrTRAP 

µU/µg 
protein 

Fold 
difference 

3T3-
L1 

untransfected 7.4 3.28 4.6/2.6 4/3 0.01 1 

 mock-
transfected 

1 1 ND 1/1 ND ND 

 over-
expressing 

33.42 73.51 8.9/- 2/1 0.07 4.32 

NIH-
3T3 

mock-
transfected 

1 1 ND 1/1 0.03 1 

 over-
expressing 

39.39 73.51 ND 1/1 0.09 3.08 

3T3-
E1 
clone 
4 

untransfected 1 1 0.42/- 2/1 ND ND 

 over-
expressing 

1.14 1.17 0.34/- 2/1 ND ND 

ND* not determined, n* experiment repeats 
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2.3 Construction of TRAP knock-down cell lines.  

Apart from the over-expressing cell lines, an attempt to create knockdown cell lines for TRAP 
was made. The evaluation of the inhibition of TRAP expression was also done with qPCR 
with the same method as for the over-expressing cell-lines. The cells used as reference in this 
case were the ones transfected with the shRNA construct carrying scrambled RNA sequences 
(negative control for knock down cell lines). The cell lines were transfected with one to four 
different short hairpin constructs. For the 3T3-L1 and NIH-3T3 the cell lines transfected with 
the shRNA B construct are presented. Moreover, the enzyme activity was also tested in the 
3T3-L1 and NIH-3T3 knock-down cells and was compared to negative control cells.  For the 
generation of knock-down cell lines, the 3T3-E1 clone 14 was also tested (not included in the 
over-expression of TRAP transfection experiments) (table II). The two clones of pre-
osteoblasts were used in separate experiments in order to verify if there are any differences 
among them and in their reaction towards transfections. 
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Table II. Knockdown of TRAP on mRNA level after transfection and selection. The knock down constructs 
are compared against the negative control cells using the ∆Ct method. The SD corresponds to the standard 
deviation. Values are presented as mean value +/- SD 

  TRAPmRNA TRAP enzyme activity 
n=1 

Cell 
line 

Transfecti
on 

Fold 
difference 
mTRAP 
primers 

Fold 
difference 
mrTRAP 
primers 

SD 
mTRAP/
mrTRAP 

qPCR 
repeats 

mTRAP/mrT
RAP 

µU/µg Fold difference 

3T3-
L1 

TRAP 
shRNA B 

-62.5 -500 0.015/0.00
09 

2/2 0.021 1.18 

Negative 
control   

1 1  1/1 0.018 1 

NIH-
3T3 

TRAP 
shRNA B 

-58.8 -142.8 0.01/0.009 2/2 0.01 0.43 

Negative 
control  

1 1  1/1 0.01 1 

3T3-
E1 
clone 
4 

TRAP 
shRNA B 

2.1 3.03 1.5/- 2/1 ND 

TRAP 
shRNA Y 

26.6 1.8 35.8/- 2/1 ND 

TRAP 
shRNA R 

4.7 0.16 3.1/- 2/1 ND 

TRAP 
shRNA G 

6.1 4.2 0.8/- 2/1 ND 

Negative 
control   

1 1 1.4 2/1 ND 

3T3-
E1 
clone 
14 

TRAP 
shRNA B 1.231 

ND ND 1 ND 

TRAP 
shRNA Y 

-2 

ND ND 1 ND 

TRAP 
shRNA R 1.071 

ND ND 1 ND 

TRAP 
shRNA G 

2.462 

ND ND 1 ND 

Negative 
control   1 

ND ND 1 ND 

ND* not determined  

n* experiment repeats 
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The knock down cell lines present different expression profiles. For the pre-adipocytes 3T3-
L1 and the fibroblasts NIH-3T3, the knock down cells displayed down regulation at the 
mRNA levels of TRAP (table II). Moreover, knock-down 3T3-L1 cells did not display a 
difference in the enzyme activity levels, while in knock-down NIH-3T3 cells there is a 2-fold 
down-regulation of enzyme activity (table II). 

However, for the 3T3-E1 cell lines, of both clones 4 and 14, no down-regulation is observed 
and on the contrary, an increase of the TRAP mRNA level seemed to have occurred for all the 
constructs (table II).  

2.4 Comparison of cell morphology 

For further analysis of the transfected clones, the morphology of the cells was studied and 
compared to the normal untransfected cells. All cell lines were observed twice every week, in 
every passage, for any changes on the shape or size. Pictures were taken on several different 
time points. In figure 7, the cultures from transfected and untransfected cell lines are 
presented. No obvious difference in the morphology was observed. 

 

 Untransfected Cell lines Over-expressing Knockdown construct shB 

3T3-
L1 

   

3T3-
E1 

   

NIH-
3T3 

   
Figure 7. Cell cultures of normal, over-expressing and knock down cells after transfection and antibiotic 
selection  (magnification x20). 
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2.5 Enzyme histochemistry and immunohistochemistry 

TRAP enzyme histochemistry and TRAP antibody staining was performed for the over-
expressing cells in order to identify the TRAP enzyme expression in the cell cultures. 
However, when enzyme histochemistry was tested with two different techniques, TRAP 
histochemical staining and fluorescent Elf-97, no detection of TRAP was observed. For the 
immunohistochemistry, cells were treated with antibody against TRAP and similarly, no 
detection of TRAP was possible.  

2.6 Western Blot  

Western Blot was performed from cell lysate from 3T3-L1 and NIH-3T3 normal and over-
expressing cells. However no detection of bands in the size of monomeric or proteolytically 
cleaved TRAP was noted.  
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Discussion 

3.1 Cloning 

For the cloning experiments, the results obtained until this time are encouraging. Since the 
cloning to the TOPO-TA vector was successful as shown by the restriction analysis, the insert 
containing the EcoRI sites can be isolated. However, since the concentration of insert 
obtained after the restriction was relatively low, the efficiency of ligation was low (only one 
colony obtained after ligation and transformation of TOP-10 competent cells). The restriction 
analysis shows that the plasmid generated did not contain the TRAP insert and this might be 
due to the low concentration of the insert, so further experiments should be performed to 
obtain higher concentration. This can be achieved by loading higher amounts of plasmid in 
the gel or by concentrating of the sample after gel purification. Another risk occurring from 
this procedure is the exposure of the insert to UV light during the gel analysis which might 
cause mutations in the sequence. This could have an effect on both the quality of the 
construct, but most important, could alter the EcoRI sites at the ends of the fragment, causing 
the low ligation efficiency. Still, the insert in the TOPO-TA vector was successfully generated 
and can be used for further procedures in the future. 

 

3.2 Construction of cell lines with a stable over-expression of TRAP 

As shown in the results section, for the pre-adipocytic (3T3-L1) and the fibroblastic (NIH-
3T3) cell lines, a significant difference between the transfected and the mock-transfected or 
the normal cells was detected on the mRNA and enzyme activity level. For the 3T3-L1 cells, 
the fold difference at the over-expressing cells is 35-73 times higher according to the qPCR. 
This difference demonstrates that the transfected cell lines produce higher amounts of TRAP 
mRNA. However, when the enzyme activity levels were compared the fold difference was 
around 4.3 times higher. For the 3T3-L1 cells, though this might be due to the fact that on the 
mRNA level the over-expressing cells were compared to the mock-transfected cells, which 
present a mild down regulation of TRAP mRNA expression compared to untransfected cells. 
In the enzyme activity assay, the same over-expressing 3T3-L1, were compared to the normal 
cells, indicating a lower fold difference, as expected. 

For the NIH-3T3 cell line the same pattern was observed. A high rate of mRNA expression 
was followed by a lower raise in the activity level and no TRAP was detected through enzyme 
or immunohistochemistry. For the NIH-3T3 cells though, the same mock transfected cells are 
used for the comparison and still, a mild increase in the enzyme activity level was observed. 
Since the raise seems to be high on the transcription level but lower on the enzyme activity 
level, the cells might not respond to the increase of the mRNA by allowing further expression 
of the protein. A further proof of such regulation might be the negative results for the TRAP 
detection on the TRAP activity assay and the immunohistochemistry. As mentioned in the 
results section, despite that different conditions were tested the TRAP activity assay and the 
immunohistochemistry, no cells were positive for TRAP.  

A further study that could provide more answers on the reason for this pattern of expression 
could be to study TRAP protein levels in the media of the cultured cells. Due to limited time, 
the media was not tested for the TRAP concentration. The failure to detect TRAP by 
immunohistochemistry could provide evidence that TRAP is rapidly secreted by the cells.  
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Another assay that was tested for the two cell lines was Western Blot, which also gave 
negative results for TRAP. However, the Western Blot results are highly dependent on the 
amount of available protein that is loaded on the SDS gel. Even though the amounts of TRAP 
might be relatively high for this type of cells, since the cell lysate was not subjected to any 
type of further purification, the concentration of the protein was probably too low to be 
detected using this assay. Since there is no previous transfection experiments performed for 
TRAP on the adipocytic cell line, it is difficult to draw any safe conclusions on why the 
difference between activity experiments and western blot occured. A future suggestion would 
be the purification of TRAP from cell lysate and media in heparin columns. This would 
provide answers concerning if TRAP is present as well as which TRAP isoform (monomeric 
or proteolytically cleaved) is present in the cells. The lower increase of TRAP on the enzyme 
activity level might indicate that even though TRAP is expressed, less monomeric TRAP is 
subjected to proteolytical cleavage that would lead to the active TRAP isoform. Moreover, 
chromatography could serve for the purification of protein that could be used for western blot. 

For the pre-osteoblast cell lines, E1-04 and E1-14 the results from transfections for over-
expression of TRAP seem to be less optimistic. As shown in the results, transfection had no 
effect on the levels of TRAP, even on the mRNA level. As mentioned, the construct used for 
the transfection of the E1 cells was different. The pUIN vector contained the PU1 promoter 
that was suggested to be more promising for the expression of the insert. However, the mouse 
cell lines that were used did not respond to the insertion of the rat-TRAP DNA. In this case 
there are several possible reasons. The different species origin might create difficulties or 
inhibition of expression by the cells. Moreover, the choice of promoter that would serve in the 
expression in pre-osteoblasts has not been fully evaluated.  

In the over-expression experiments mentioned in the results the different expression levels 
were compared to that of the mock-transfected cells. This was done in order to further verify 
that the increase was not a side effect of the insertion of foreign DNA but it was actually a 
result of the TRAP insert.  

 

3.3 Construction of TRAP knock-down cell lines 

In the case of knock down cell lines the comparison between the normal and the transfected 
cells is harder to evaluate. Since in the cell lines that were used, the endogenous TRAP levels 
are very low, it is not easy to draw conclusions on whether the shRNA transfection was 
actually efficient. However, a comparison through qPCR experiments was made and down-
regulation was shown for the 3T3-L1 and NIH-3T3 cells at the mRNA level. The same 
principle of analysis as for the over-expressing cells was used and the comparison was done 
against the mock transfected negative control cells. In this case it was shown that the knock 
down cells have lower mRNA levels. The knock down cells were also analyzed by enzyme 
histochemistry and TRAP immunohistochemistry experiments. In those experiments, the 
knock down clones served as control since no TRAP should be expressed. For 3T3-L1 and 
NIH-3T3 cells, the enzyme activity was also measured. For the 3T3-L1 cells, the activity was 
proven to be almost the same as for the mock transfected cells while for the NIH-3T3 a mild 
down regulation was detected. However, TRAP activity was detected in the normal cells, 
which provides an indication that there is some rather low but still detectable TRAP activity 
in the pre-osteoblasts and fibroblasts, which as shown can be down-regulated.  

For the 3T3-E1 cells, cell lines transfected with different shRNA constructs presented 
variable TRAP mRNA levels between the different constructs. The reason for the variation of 
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efficiency of the constructs could be that they carry different siRNA sequences that bind to 
different sites of the TRAP sequence.  

The knock-down constructs also proved inefficient for the E1 cell line. In E1-04 clones there 
even seems to be mild up-regulation of the mRNA. The knock down E1-14 cells, there also 
seemed to be a similar pattern; an up-regulation was detected. 

This response of cells to siRNA knock-down has been observed before. The phenomenon was 
firstly described by LongCheng in 2006 (25) and since then, several groups have reported the 
up-regulation of mRNA caused by the insertion of naked RNA in the cells.  

In all cases the generated clones can be used for future experiments concerning the TRAP 
function on these cells after differentiation. In order to proceed to this step, the levels of 
TRAP are going to be compared to the TRAP levels of other cell types that express the 
protein in high levels. A possible way to do that is by comparing the pre-osteoblasts with that 
of osteoclastic cell lines. In osteoclasts, TRAP is used as a marker because of its high 
expression. A way to verify that the generated pre-osteoblasts can be used is by assuring that 
the levels of the over-expression are relatively as high as those of the osteoclasts. 

For future research, triggering of the differentiation is also important. For the pre-osteoblasts, 
the differentiation procedure needs to be studied. Since the effect of TRAP on differentiation 
is the subject of study, mild differentiation conditions should be optimized for the future 
differentiation.  

In conclusion, the transfection experiments seem to be satisfying in the level of over-
expression of TRAP for the pre-adipocytes and fibroblasts, but further studies are necessary in 
order to verify that these clones can be used for future experiments 
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Materials and methods 

4.1 Generation of pUIN mouseTRAP construct 

For the creation of the construct that carries the mouseTRAP insert in the pUIN vector, the 
technique that was followed was similar to the one used before for the generation of the 
pUIN-OSAD construct (34).  

Firstly, cDNA from the cpI-mouse TRAP construct was used as template to generate a full 
length PCR product of the CDS for TRAP containing TA overhangs for cloning into the cpII-
TOPO vector (Invitrogen, Sweden) according to the manufacturer’s protocol. The PCR was 
performed using primers 5’-ATGGATTCATGGGTGGTGC-3’ and 5’-
TCAGGGTCTGGGTCTCCTT-3’ with the following conditions: 94ºC 1min, 25 cycles of 
94ºC 30sec, 55ºC 30sec and 68ºC 30sec and final extension 72ºC for 10min, using the 
SYBR® GreenER qPCR SuperMix (Invitrogen, Sweden).   

The selection of clones carrying the insert was done through restriction analysis using the 
EcoRI restriction enzyme (figure 8).  

After restriction analysis the clones containing the insert, were digested with EcoRI and the 
insert was purified by the gel purification.  

 

Figure 8: The TOPO-TA vector and the EcoRI sites. The insertion of the PCR product is shown in the 
sequence (Invitrogen manual).  
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The fragment was then ligated to the pUIN vector, previously linearized using EcoRI 
digestion to construct sticky ends matching those on the TRAP fragment cut out from the 
pCR2.1-TOPO vector. The ligation was performed using 0.5 µl T4 DNA ligase (New England 
Biolabs), TRAP: pUIN in 5:1 ratio, for 5 min at room temperature.  

Restriction analysis was performed for the evaluation of the pUIN construct that was 
previously created. In order to verify the presence of the mouseTRAP insert, two different 
restriction analyses were performed: 

Firstly, restriction analysis based on the EcoRI sites that are located on both ends of the 
mouse TRAP (mTRAP) insert was performed. In the presence of the insert the gel analysis 
should generate a band of the size of the insert and vector.  

A restriction analysis was also performed for the evaluation of the mTRAP pUIN clones, 
using a different approach. The PstI sites available in the vector and the insert were used for 
determining if the construct contained the insert. In presence of the insert 4 minor bands of 
200bp, 2x300bp, 600bp or 800, 300, 600and 200 depending on the orientation of the insert 
would be generated. The plasmid (~2µg) was digested with 5U PstI (with REAct buffer 2), 
for 1 hour in 37ºC. The samples were analysed on a 2% agarose gel.  

 

4.2 Bacterial transformations and overnight cultures 

 The cells used for all transformations were the One Shot® TOP 10 competent Cells 
(Invitrogen, Sweden). The transformations were done according to the manufacturer’s 
protocol for chemical transformation.  

For the overnight culture, one colony from bacteria grown on Ampicillin plates (50µg/ml) 
was picked and incubated in 12.5 ml LB medium containing 50µg/ml Amp. The cultures were 
grown at 37ºC overnight on 200rpm shaking. 

 

4.3 Plasmid Purification 

All plasmids from bacterial cultures were purified using the plasmid MidiPrep kit (Invitrogen, 
Sweden) according to the manufacturer’s protocol.  

 

4.4 Agarose gel analysis and gel purification 

The analysis of restriction and PCR products was done in agarose gels in 1-2% concentration 
depending on the length of the fragments to be identified. In each well, 15µl of sample were 
loaded. In each run 7 µl of Ready-Load ™ 100bp DNA ladder (Invitrogen, Sweden) was used 
for size reference. All runs were performed on 110V in 1x Tris Acetate EDTA (TAE; 2mol 
Tris base, 1mol acetic acid, 0.05 Na2 , dH2O for 1liter of 50X TAE) ) running buffer.  

Gel purifications were performed using the Illustra GFX PCR gel and PCR purification kit 
(GE healthcare, Sweden) according to the manufacturer’s protocol.  
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4.5 Cell Culture 

Cells from all clones were cultured in T75 flasks in 37ºC, 5% CO2. For NIH-3T3 cell lines 
the culture media used was Dulbeco´s Modified Eagle Media (DMEM) (GIBCO, Sweden) 
containing 4.5 g/L D-glucose with 10% heat inactivated fetal bovine serum (hiFBS) (GIBCO, 
Sweden). For 3T3-L1 the culture media used was DMEM/F12 (GIBCO) containing D-
glucose 3151 mg/L and L-alanyl-L-glutamin 507 mg/L, D-glucose 1g/L, 10% donor calf 
serum (GIBCO) and antibiotic solution Penicillin/Streptomycin (GIBCO, Sweden) in final 
concentration of 50U/ml Penicillin and 50µg/ml Streptomycin. For 3T3-E1 cell lines the 
culture media used was α-MEM (GIBCO, Sweden) with L-glutamin, deoxyribonucleotides 
and ribonucleotides and 10% hiFBS (GIBCO, Sweden). All cell lines were purchased from 
ATCC (U.S.A.).  

 

4.6 Transfection Experiments:  

Constructs 

The constructs used for the transfections varied between the cell lines. For the cell line NIH-
3T3 and 3T3-L1 the construct used for transfection was the cpI-mouseTRAP (figure 9a). The 
construct was generated by the insertion of the full length CDS mouse TRAP cDNA into the 
pcI-neo plasmid that was previously constructed in the laboratory. The TRAP insert in this 
case has been truncated so that exon 1 is not included.  

The 3T3-E1 cells were transfected with a different construct. In this case the construct was 
pUIN-ratTRAP (figure 9b). This construct consist of a pIRES-neo plasmid that has gone 
through extensive modifications in the promoter (pU1) and the polylinker area as described in 
(34). This plasmid contains the full lengh cDNA for rat TRAP. The reason for using a 
different construct in this case is that the CMV promoter that is present in the previous mouse 
TRAP construct has proved not to be efficient for expression of TRAP in 3T3-E1 cells.   

 

 

Figure 9. The constructs used for transfections for the generations of the over-expressing cell lines as 
described on table IV 
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4.7 Stable transfection  

For all experiments transfection was done using the FuGene HD Transfection Reagent 
(Roche) according to manufacturer´s protocol. The amount of plasmid DNA used per 
transfection was 1.5 µg for all the experiments. Cells were seeded in 24-well plates and let 
grow to 50-70% confluence. The 3T3-L1 cells were cultured in antibiotic-free media, primary 
to transfection. 

For the creation of the knock down cell lines, the Sure Silencing™ shRNA plasmids 
(SABiosiences™) for mouse TRAP were used. More specifically, the constructs carry 
sequences that knock down the expression of specific genes in transfections. In all 
transfection experiments, 4 different “short hairpin” constructs, each one aiming to different 
sequence in the mouse TRAP gene and one with scattered sequences in the genome as a 
negative control, were used (table III).  

 

Table III: siRNA insert sequences in the different shRNA constructs 

 

 Since the vectors in all cases carry the gene for resistance to neomycin, the selection of 
transfected cells was done through antibiotic G418. The cells were incubated with the 
transfection solution for 48-72 hours after which the media was changed to media containing 
G418 (liquid geneticin) (GIBCO, Sweden). The media was changed every second day and the 
selection was performed for a minimum of 14 days in all cases. After selection the cells were 
cultivated in T75 flasks, still in media containing the antibiotic. For NIH-3T3 cells the 
concentration of G418 used was 400µg/ml. For 3T3-L1 clones the G418 concentration was 
200µg/ml and for 3T3-E1 100µg/ml. The concentrations used have been previously optimized 
for the cell-lines in the laboratory. 

All constructs used for transfections of each one of the three cell lines are demonstrated in 
table IV. 

Clone ID Insert Sequence 

shRNAB CAAGAACTTGCGACCATTGTT 

ShRNAY GATGGGCGCTGACTTCATCAT 

ShRNAR GGCTACTTGCGGTTTCACTAT 

ShRNAG TGTGGCAACTCAGATGACTTT 

Negative control ggaatctcattcgatgcatac 
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Table IV: Constructs used for the transfection of the three cell lines. 

Cell line Over-expression construct Knock-down constructs 

3T3-L1 cpI-mouseTRAP shRNAB 

shRNAY 

shRNAR 

shRNAG 

shNC 

3T3-E1 (clones 4&14) pUIN-ratTRAP shRNAB 

shRNAY 

shRNAR 

shRNAG 

shNC 

NIH-3T3 cpI-mouseTRAP shRNAB 

shRNAY 

shRNAR 

shRNAG 

shNC 

 

 

4.8 RNA purification, cDNA synthesis and real time-quantitive PCR  

Total RNA from cells was extracted using RNeasy Plus Mini Kit (QIA) according to the 
manufacturer’s manual, and 1-2 µg of the total RNA were used for reverse transcription. The 
reverse transcription reaction was performed using the OmniScript Reverse transcription kit 
(QIAGEN) according to the manufacturer’s manual.    

The qPCR experiments were performed with primers for β-actin, mouse TRAP and mouse/rat 
TRAP (table V), using the SYBR® GreenER qPCR SuperMix for iCycler (Invitrogen). The 
reaction was performed under the following conditions: 95ºC for 3min, 40 cycles of 95ºC for 
30sec and 60ºC for 30sec. 

To evaluate the qPCR results the ∆Ct method was used, where the fold difference (x) is 
determined by the formula x=2^-∆∆Ct.  ∆Ct stands for the Ct value for TRAP normalized 
against the Ct for the house keeping gene (actin) (∆Ct= CtTRAP-Ct actin) and ∆Ct stands for 
the mean value of Ct (cycle threshold). Finally, ∆∆Ct value stands for the ∆Ct value 
normalized against the control cell lines. 
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Table V: Primer Sequences used in qPCR experiments 

Primer Sequence 5’-3’ 

β-actin Forward: AGGAGGAGCAATGATCTTGATCT 

Reverse: AGACCTCTATGCCAACACAGTG 

Mouse/rat TRAP Forward: TGGTCATTTCTTTGGGGCTTATCT 

Reverse: GCTACTTGCGGTTTCACTATGGA 

Mouse TRAP Forward: CACATAGCCCACACCGTTCTC 

Reverse: TGCCTACCTGTGTGGACATGA 

 

 

4.9 Enzyme histochemistry for TRAP 

Enzyme histochemistry for TRAP was performed using two different assays: first the 
Leukocyte Phosphatase (TRAP) staining kit (Sigma-Aldrich) was used. Here the cells were 
seeded in a 24-well plate and at 80% confluence they were fixed using 4% formalin for 
10min. Staining was performed according to the manufacturer’s protocol.  

Enzyme histochemistry was also done using the Elf-97 kit (Molecular Probes). Cells were 
seeded on an 8-well chamber (Nunc) and grown to 80% confluence. They were fixed with 4% 
formalin for 15min and washed with phosphate buffered saline (PBS; 140mM NaCl, 2.7mM 
KCl, 10mM Na2PO4, 1.8mM KH2PO4) for 10min. The Elf-97 solution was prepared as 
follows: Elf 97 reagent was diluted in buffer consisting of 100mM acetate buffer, pH 5.2, 
1mM sodium nitrate and 7.4 mM Na-tartrate to block the activity of tartrate sensitive 
phosphatases. A wash buffer consisting of PBS, 25mM EDTA, pH 8.0, 10mM Na-tartrate and 
100 µM molybdate that blocks the activity of TRAP was also prepared. The Elf 97 solution 
was applied to fixed cells (100µl/ well) for 5min. After the incubation, the cells were washed 
with wash buffer (10-15min) and finally the slides were mounted with DAKO’s fluorescent 
mounting media. 

 

4.10 TRAP immunohistochemistry 

Cells were seeded in an 8-well chamber to 80% confluence and fixed with 4% formalin for 
10min. The cells were washed with TBST buffer (0.25M Tris, 0.75M NaCl and 0.5% 
Tween20) for 5 min and subjected permeabilisiation of cell membrane with 0.1% Triton X-
100  diluted in TBST for 10min. After an additional wash, the cells were incubated with 1% 
BSA blocking solution (SIGMA) in TBST for 20min. The primary antibody used was rabbit 
antirat total TRAP (21) diluted 1:100 and 1:10 in TBST. After 1h of incubation with the 
primary antibody the cells were washed and the secondary antibody was added. The antibody 
used was the goat anti-rabbit IgG conjugated with peroxidase (Calbiochem™) 1:250 diluted 
in TBST and the incubation was performed for 30min. An additional wash was done after the 
incubation and the slides were finally mounted with DAKO´s Fluorescent mounting media 
(Dako Cytomation).  
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4.11 Western Blot 

A western blot was performed in order to identify the presence of TRAP protein in the cell 
lysate of transfected cells. Firstly, samples were prepared from cell pellet of approximately 
5x106  cells, by addition of 500µl protein homogenization buffer containing 0.15 KCl and 
0.001% Triton X-100 and complete protease inhibitor (Roche) and suspension using a 
homogenizer (POLYTRON® PT1200) for approximately 10sec. An SDS-PAGE was run 
using the NuPAGE® 10% Novex Bis-Tris gels with MOPS SDS Running buffer in an XCell 
SureLock Mini Cell (Invitrogen) according to the manufacturer’s technical guide. The 
BenchMark® protein ladder (Invitrogen) was added as reference for the protein size After the 
SDS-PAGE run; the western blotting was performed using NuPAGE® Running Buffer, with 
a 0.2µm PVDF membrane in an XCell II ™ Blot Module (Invitrogen) according to the 
manufacturer’s technical guide. The membrane transfer was run overnight at 30V (constant 
current). 

Subsequently, completion of the transfer, the membrane was stained with TRAP antibody 
according to the following procedure: The membrane was washed with TBST (3 washes for 
10min) and 1% BSA blocking solution (1% BSA in TBST) was added in order to block 
unspecific binding for 30min. 

After, the membrane was incubated in primary antibody rabbit anti-rat total TRAP diluted 
1:1500 in TBST for 1 hour. An additional wash with TBST for 10min followed and the 
secondary antibody goat anti-rabbit IgG conjugated with peroxidase (Calbiochem™) was then 
added in a dilution 1:5000 in TBST for 1 hour. The membrane was washed once more with 
TBST (approximately 2h) to remove non-specifically bound antibody. Finally, developing 
solution was prepared from the western lightning kit (PerkinElmer™) according to the 
manufacturer´s protocol and the membrane was incubated in the solution for 2min in dark 
environment. The development of the membrane was done in FluorChem SP.  

 

4.12 BCA total protein assay 

The assay was performed in order to measure the total protein concentration in the cell lysate, 
using the Micro BCA Protein assay kit (Thermo Scientific) according to the manufacturer’s 
protocol.  

 

4.13 Measurement of TRAP enzyme activity- the pNPP assay 

The assay is based on the chromogenic component para-nitrophenyl phosphate which is a 
substrate for most phosphatases. The samples were incubated in 200µl of solution containing 
2.5mM pNPP, 0.1M Sodium acetate buffer, pH 5.8, 0.2mM KCl, 10mM sodium tartrate, 
100µM FeSO4 and 1mM ascorbic acid for 1h in 37ºC. The reaction was stopped by the 
addition of 50µl 0.9M NaOH that converts p-nitrophenol to p-nitrophenolate that can then be 
detected at 405nm. In this case though, the activity of TRAP alone needs to be determined, so 
in order to achieve this, an inhibitor of TRAP was added in an additional experiment to the 
samples. The activity of TRAP can then be deduced by subtracting the activity of the 
remaining enzymes to the activity of total protein so that one unit of TRAP activity 
corresponds to 1µmol of p-nitrophenol released per minute in 37ºC. The inhibitor of TRAP 
used is NaMo (200µM).  
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