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The ribosomal protein S25 gene is highly overexpressed in HL60 cells isolated for resistance to adriamycin. In contrast there is no overexpression 
of3 other ribosomal genes which code for proteins Sl4,517 and S24. Studies with an antibody against a synthetic pcptide of theS25 protein show 
that although the S25 gene is overexpressed in resistant cells there is no corresponding increase in the levels of S25 protein, These resuhs suggest 

that the r-protein levels are highly regulated by translational controls or protein turnover. 
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1. INTRODUCTION 

HL60 cells isolated from resistance to adriamycin are 
multidrug resistant and defective in the cellular ac- 
cumulation of drug [I]. These cells do not however con- 
tain detectable levels of P-glycoprotein [2], a protein 
which contributes to drug resistance in a number of 
other isolates [3,4]. Recent studies have demonstrated 
that HL6OIAdr cells do however contain increased lev- 
els of a 190 kd protein (P-190) which exhibits a minor 
sequence homology with P-glycoprotein [5]. The exact 
role of Pl90 in drug resistance in ML60 cells remains to 
br: determined. Previously we have carried out studies 
to identify genes which may be overexpressed in re- 
sistant cells. The identity of these genes could be of 
considerable importance in clarifying the molecular 
basis of HLbO/Adr drug resistance. In these studies we 
used a subtractive hybridization approach to prepare a 
cDNA library from resistant cells [6]. A clone generated 
by this library was isolated and found to represent a 
cDNA of the human ribosomal S25 gene [7]. In the 
present study we have used this cDNA as a probe to 
analyze 525 gene expression in drug sensitive and re- 
sistant cells, 

2. MATERIALS AND METHODS 

2.1. Cdl cuhrrr 
HLGO cells isolated for resistance to adriamycin were prepared as 
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described previously [I]. Both scnshive and resislant cells were grown 
in RPM1 medium supplemented with 10% MaI bovine serum. 

2.2. Isolation o$ ribosomd proteins 
Human r-proteins were isolated using a modified procedure de- 

scribed previously [8]. Cells were suspended in buffer containing 30 
mM Tris-HCI, (pM 7.5). 125 mM KCI, 5 mM Mg(OAC):, and IO mM 
2.mercaptoethanol. Cells were lysed by the addition of Nonidet P40 
to a final concentration of 0.05% After removal of nuclei, the super- 
nare was placed on top of a 3 ml solution of I M sucrose. The 
polysomes were recovered after cemrifugation in a SW50. I rotor TOI 
B h a( 35,000 rpm. The pellet was treated with glacial acetic acid, and 
the proteins were precipitated with acetone. The r-proteins were re- 
duced with dithio-erythritol and alkylaied with iodo-acctamidc. 

Polysomcs were isolated as described above. The polysomc pellet 
was suspended in buffer containing 30 mM Tris-HCI (pH 7.4), 1% 
SDS, 100 mM NaCI, IO mM MgCI,, 0.5 mM CaCl:, 5 mM EDTA, 
and 7 M urea. The mRNA was extracted with phenol/chloroform and 
precipitated with cthnnol. 

2.4. Norrlrenl blor adysis 
Total cellular RNA was isolated from senshive and resistant cell [8] 

and subjected to electrophoresis in a 1.2% agarose gel containing 20 
mM morpholir.opropancsulfonic acid (pH 7.0) and 2.2 M formal- 
dehyde. The RNA was transferred to Gene Screen Plus and hybridiza- 
tion with radioactive S25 cDNA [9] was conducted at 6S”C for 14 II 
in a solution containing 1 M NaCI. 0.1% SDS, 0.1 M sodium phos- 
phate. 0.3 mg/ml of herring sperm DNA. After hybridization, the 
membrane was washed at 65°C twice for 20 min in 2 x SSC/O.l% SDS 
and once for 20 min in 0.5 x SSC/O.l% SDS. 

3.5. Peptide syt~rltesis atd icim4ni:crtion 
Peptidcs wexe synthesized according to the deduced sequence of 

human r-protein S14 [lo] and S25 [7] by the Mcrrificd solid-state 
method [ 1 I]. The sequences of the peptides which were. used to make 
antisera are PSDSTRRKGGRRGRR for S14 and RNTKGGDA- 
PAAGEDA for S25. The synthetic peptides containing lysino at the 
amino terminus were conjugated to keyhole limpet hemocyanin, 
emulsified with Freund’s complete ndjuvant, and injected sub- 
cutaneously into New Zealand whhe rabbits, Antisera were collected 
after four injections of conjugaicd pcplide. 
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Proteins were separated by SDS-PAGE on a 12% polyacrylamidc 
gel and transferred to nitrocellulose paper as described by Towbin 
[ 12], The blots wcrc incubated in a blocking solution containing 0.02 
M pbosphatc buffer (pH 7.4), 0,lS M NaCI, 1% bovine serum al- 
bumin, 0.05% Twccn 20 (PNBT) for 2 b at 37°C. The immunoblot 
reaction was carried out with antisera diluted in PNBT overnight at 
room temperature. After washing with PNBT the blots were incubated 
with [12Jl]protein A (5 x IO5 cpm/ml) for 90 min at room temperature 
and washbd again, The blots were exposed to X-film at -20°C. 

3. RESULTS AND DISCUSSION 

A cDNA clone coding for human r-protein S25 has 
been isolated from a subtractive library of HL60/Adr 
cells and subcloned in plasmid PGEM-1 1Zf [7]. The S25 
cDNA has been used as a probe to examine gene expres- 
sion in adriamycin-resistant and sensitive cells. The 
Northern blots demonstrate that the S25 gene was 
highly overexpressed in the resistant cells as compared 
to sensitive cells (Fig. 1, lanes 7 and 8). In contrast to 
S25, the levels of mRNA expression of r-protein genes 
S14 [lo], S17 [I31 and S24 [14] are essentially identical 
in sensitive and resistant cells (Fig. 1, lanes l-6). This 
finding suggests that S25 represents a specific r-protein 
gene which is overexpressed in HL60 cells isolated for 
resistance to adriamycin. 

mRNA isolated from the polysomes of sensitive and 
resistant cells was examined by Northern blot analysis. 
The mRNA levels associated with ribosomes were com- 
pared with total cytoplasmic mRNA. The results dem- 
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Fig. 1. RNA blot analysis of r-protein gene expression in sensitive and 
resistant cells. Total RNA isolated from HLWscnsitive (lanes 1, 3, 5 
and 7) and HLtWresistant (lanes 2, 4. 6 and 8) was examined by 
Northern blot analysis as described in section 2. Gene expression was 
analyzed using cDNA probes which correspond to r-proteins S14 
(lanes I and 2), 517 (lanes 3 and 4), S24 (lanes 5 and 6). and S25 (lanes 

7 and 8). 
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Fig. 2, Annlysis of mRNA associated with ribosomes in sensitive and 
resistant cells. Total RNA was isolated from HL6O/sensitive (lane 1) 
and HL6O/rcsislant cells (lane 3). RNA was also isolated from HL60/ 
sensitive ribosomes (lane 3) and HLbO/resistant ribosomes (lane 4). 
The mRNA was analyzed using the radioactively labeled S25 cDNA 

probes. 

onstrate that the levels of total cytoplasmic mRNA 
(Fig. 2, lane 2) and polysome associated S25 mRNA 
(Fig. 2, lane 4) or resistant cells are considerably in- 
creased sompared to the corresponding mRNA of 
sensitive cells (Fig. 2, lanes I and 3). A densitometric 
trace of the autoradiogram shows that cytoplasmic and 
polysome associated resistant mRNA is increased 3.9. 
and 2.8-fold, respectively over that in sensitive cells. In 
a parallel experiment there is no detectable increase in 
either total cytoplasmic or ribosome associated S14 
mRNA in resistant cells (data not shown). 

The levels of r-proteins S14 and S25 in sensitive and 
resistant cells were examined by Western blot analysis 
using antisera against synthetic peptides which cor- 
respond to the deduced sequences of these proteins (Fig. 
3). These proteins were examined in both cytoplasm 
(Fig. 3A) and in isolated ribosomes (Fig. 3l3). The 
results demonstrate that the levels of S14 and 525 
proteins in cytoplasm and ribosomes of sensitive and 
resistant cells are essentially identical (Fig. 3). 

Previous studies have shown that the balanced syn- 
thesis of each r-protein is carefully regulated by the cell 
to provide an equal ratio necessary for the assembly of 
the ribosomes [IS]. Our results show that although there 
is a 2%fold increase of S25 mRNA associated with 
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Fig. 3. Immunoblot analysis of S?S and S14 proteins. Cytoplasmic 
proteins and ribosomal proteins were separated by SDS-PAGE. West- 
ern blot analysis using antisera to S14 and S25 synthetic peptides was 
carried out as described in Methods. Panel A: cytop;asmic proteins 
were prepared from HLGOIsensitive (lanes I and 3) and HLbO/resistant 
(lanes 2 and 4). Panel B: ribosomal prouins were prepared from 
HL60Iscnsitive (lanes 1 and 3) and HLBOlrcsistant (lanes 2 and 4). The 
tilers containing transferred proteins were incubated with antiserum 
against S14 peptide (lanes I and 2) and S25 peptide (lanes 3 and 4). 

ribosomes in adriamycin-resistant cells there is no 
parallel increase in the level of the S25 protein. Several 
experiments have been performed to examine the mech- 
anisms involved in regulating levels of r-proteins 
[ 16,173. The levels of these proteins appear to be regu- 
lated by both the efficiency of translation [IG] and the 
rate of turnover [I 81. Previous studies have shown that 
cells containing increased levels of r-protein SIO mRNA 
results in overproduction of the SIO protein. Excess 
levels of this protein occurred only transiently since SlO 

protein was found to turn over very rapidly, with a 
half-life of approximately 5 min [18]. The results ob- 
tained in this study suggest that the levels of S25 protein 
in the resistant cells may also be regulated by both the 
efficiency of translation and protein turnover. 
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