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Abstract:  Analysis of the mouse genome has revealed eight Multidrug resistance-

associated (Mrp) transporters, with mouse homologues for all human MRPs except 

MRP8.  Whereas MRP expression in tissues of humans and rats has been examined, no 

characterization exists for mice.  Furthermore, the ontogeny of mouse Mrps is unknown, 

and such knowledge may be helpful in understanding age-related pharmacokinetics.  

Therefore, the purpose of this study was to quantitatively determine: 1) expression of the 

Mrp family in 12 different tissues, 2) gender variations in Mrp expression in liver and 

kidney, and 3) whether Mrp expression is altered during development.  Highest 

expression of the Mrp family members is as follows: Mrp1 in testes, ovary, and placenta; 

Mrp2 in intestine, followed by liver and kidney; Mrp3 in large intestine; Mrp4 in kidney; 

Mrp5 in brain, followed by lung and stomach; Mrp6 in liver; Mrp7 in testes, intestine, 

and kidney; and Mrp9 solely in testes.  Gender differences in Mrp expression were 

observed: Mrp1, 3, and 4 in kidney, as well as Mrp1 and 4 in liver were female-

predominant.  Ontogeny of the four Mrps expressed in liver was as follows: Mrp2 and 

Mrp4 were expressed at adult levels at birth; Mrp3 reached adult levels at day 30, and 

Mrp6 was not expressed until day 10.  In kidney, Mrp1 and Mrp5 were expressed at adult 

levels at birth, whereas Mrp2, 3, 4, and 6 generally increased over time.  In conclusion, 

marked differences in expression of the individual Mrp family members exist in various 

tissues, with age, and with gender. 
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Introduction: 

Since the discovery of MRP1 in 1992 (Cole et al., 1992), eight additional human 

MRPs have been cloned.  Thus, the human MRP family is currently composed of nine 

members, MRP1-9 (Kruh and Belinsky, 2003).  MRPs are members of the ATP-Binding 

Cassette transporter superfamily, and are grouped into the (ABC) C subfamily, a group 

which includes the cystic fibrosis transporter (CFTR), as well as the sulphonylurea 

receptors (SUR1 and SUR2) (Dean and Allikmets, 2001).  Structurally, MRP1, 2, 3, 6, 

and 7 are composed of an amino-terminal transmembrane domain (TMD) and a P-

glycoprotein-like core, consisting of two TMDs and two nucleotide-binding domains, 

whereas MRP4, 5, 8, and 9 lack the amino-terminal TMD found in the other MRPs 

(Tusnady et al., 1997).  Mouse orthologs have been identified for all human MRP genes 

except MRP8. 

As indicated by functional studies, MRPs are efflux transporters for structurally 

diverse amphipathic chemicals and organic anions.  MRP1, 2, and 3 confer resistance to a 

variety of anticancer drugs including anthracyclines, vinca alkaloids, and methotrexate, 

and transport organic anions such as glutathione and glucuronide conjugates.  Unlike 

MRP1, 2, and 3, MRP4 and 5 do not confer resistance to anthracyclines or vinca 

alkaloids.  Overexpression of MRP4 and 5 is associated with increased cellular efflux of 

purine analogues (e.g. 6-mercaptopurine and thioguanine) and nucleoside-based antiviral 

drugs [e.g.  Adefovir] (Schuetz et al., 1999; Wielinga et al., 2002).  MRP4 and 5 also 

transport cyclic nucleotides, such as cAMP and cGMP (Wielinga et al., 2002).  

Furthermore, several compounds of physiological and pharmacological importance, such 
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as methotrexate, estradiol-17β-glucuronide (E217βG), bile acids, prostaglandins, and 

dehydroepiandrosterone-3-sulfate were recently shown to be transported by MRP4 (Chen 

et al., 2001; Wielinga et al., 2002; Reid et al., 2003; Zelcer et al., 2003).  Mutations in 

human MRP6 are associated with pseudoxanthoma elasticum, a hereditary disease 

characterized by progressive dystrophic mineralization of elastic fibers (Bergen et al., 

2000).  In vitro transport studies showed that MRP6 transports the anionic 

cyclopentapeptide and endothelin antagonist BQ-123 (Madon et al., 2000) and 

glutathione conjugates, and that MRP6 expression in tumor cells can confer weak 

resistance to some anticancer drugs (Belinsky et al., 2002).  Recently, MRP7 was shown 

to transport E217βG, but not cyclic nucleotides, methotrexate, or bile acids (Chen et al., 

2003); whereas MRP8 was reported to transport cyclic nucleotides (Guo et al., 2003).  No 

functional studies have been reported for MRP9. 

Neonatal sensitivity to various chemicals has always been of concern to clinicians.  

The liver serves a critical role in the pharmacokinetics of xenobiotics.  It is known that 

expression of some drug metabolizing enzymes is low in neonates, and this is often 

exacerbated in infants born premature.  For example, development of UDP- 

glucuronosyltransferases (UGTs) plays a significant role in the metabolism and 

elimination of endogenous and exogenous chemicals, and insufficiency during 

development can lead to 1) hyperbilirubinemia, 2) kernicterus, and 3) gray-baby 

syndrome (Kawade and Onishi, 1981).   

The development of transporters is not well characterized, although some data 

suggest that lower expression of transporters in young animals is important in the 

disposition of drugs and other chemicals.  For example, neonatal rats are sensitive to 
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cardiac glycoside toxicity because expression of the uptake transporter Oatp2 is low in 

liver, thus delaying the elimination of cardiac glycosides, and increasing toxicity (Guo et 

al., 2002).  Similarly, neonatal jaundice may be due in part to poor expression of the 

hepatic canalicular transporter Mrp2 (Johnson et al., 2002; Huang et al., 2003). 

Tissue distribution and ontogeny data are an important component of 

understanding and extrapolating pharmacokinetic data from mice to humans.  Knowledge 

of the expression patterns of mouse Mrps is limited.  Therefore, the purpose of this study is 

to determine: 1) the mRNA expression of mouse Mrp transporters in twelve different 

tissues, 2) whether gender differences in Mrp mRNA expression exist between male and 

female mice in various tissues, and 3) Mrp mRNA expression in liver and kidney from 

prenatal day 2 to 45 days of age.  
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Materials and Methods: 

 

Animals: Male and female C57BL/6 mice (n=10 per gender) were purchased from 

Jackson Laboratories (Bar Harbor, Maine) and tissues were collected at approximately 

eight weeks of age. The following tissues were taken: liver, kidney, lung, stomach, 

duodenum, jejunum, ileum, large intestine, brain, testes, term placenta from pregnant 

dams (n=5), and pooled ovaries (n=5 samples; 1 sample=10 ovary pairs from 10 

individual mice).  Ovaries were purchased from Charles River laboratories from 

C57BL/6 mice undergoing ovariectomy for other experimental purposes.  Tissues were 

snap-frozen in liquid nitrogen, and stored at -80°C.  

 

Ontogeny:  Mice (C57BL/6) were bred at the University of Kansas Medical Center 

laboratory animal facilities, and livers and kidneys were collected from male and female 

mice at -2, 0, 5, 10, 15, 23, 30, 35, 40, and 45 days of age (n=5/gender/age). 

 

RNA Extraction: Total RNA was isolated using the RNA Bee reagent (Tel-test, 

Friendswood, TX) according to the manufacturer’s instructions. RNA concentrations 

were determined spectrophotometrically, and quality of RNA was determined by gel 

electrophoresis. 

 

Development of Specific Oligonucleotide Probe Sets for bDNA Analysis.  The Mrp gene 

sequences were accessed from GenBank. The target sequences were analyzed by 
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ProbeDesigner® Software Version 1.0, and the probe design and target regions are 

designated in Table 2.  The oligonucleotide probes were specific for only one mRNA 

transcript.  All oligonucleotide probes were designed with a Tm of approximately 63°C, 

enabling optimal hybridization conditions.  Each probe set was submitted to the National 

Center for Biotechnology Information (NCBI) for nucleotide comparison by the basic 

local alignment search tool (BLASTn) to ensure minimal cross-reactivity with other 

mouse genomic sequences and expressed sequence tags. 

 

Branched DNA Assay.  The specific Mrp oligonucleotide probes were diluted in Tris-

EDTA buffer, pH 8.0, according to instructions provided with the Quantigene® bDNA 

Signal Amplification Kit (Bayer Diagnostics, East Walpole, MA).  Total RNA (1 µg/µl; 

10µl) was added to each well of a 96-well plate containing 50 µl of capture hybridization 

buffer and 50 µl of each diluted probe set.  Total RNA was allowed to hybridize 

overnight at 53°C in a hybridization oven.  Subsequent hybridization steps were carried 

out according to the manufacturer's protocol, and luminescence was measured with a 

Quantiplex® 320 bDNA luminometer, interfaced with Quantiplex® Data Management 

Software Version 5.02 for analysis of luminescence from 96-well plates. 

Statistical Analysis.  Error bars represent standard errors of the mean.  Data were 

analyzed by a two-tailed Student’s t-test. Asterisks (*) represent statistical differences 

(p≤0.05) in mRNA levels between male and female mice. 
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Results: 

Tissue Distribution of the Mouse Mrp Family.   Mouse Mrp1 mRNA expression was 

quite low in most of the tissues examined, but was highly expressed in gonads and 

placenta (Fig 1).  Expression of Mrp1 in liver was very low, yet detectable, with higher 

levels in livers from female than from male mice.  Expression of Mrp2 was highest in 

small intestine, decreasing from duodenum to ileum (Fig 1).  High expression of Mrp2 

was also observed in liver and kidney.  No gender differences in Mrp2 mRNA expression 

were observed for the tissues analyzed.  Mrp3 was highest in the large intestine, with 

expression detected throughout the GI tract (Fig 1).  Mrp3 mRNA was moderately 

expressed in liver and kidney.  Marked gender-specific expression was observed in 

kidney, with Mrp3 expressed about 14-fold higher in female than male kidney.  Mrp4 

expression was highest in kidney, with moderate expression in ovary, lung, stomach, and 

liver (Fig 1).  Female predominant expression of Mrp4 was observed in liver and kidney, 

where it was approximately 2-2.5 fold higher in female than in male mice.  

In mice, Mrp5 mRNA expression was ubiquitous in the tissues analyzed, with 

highest expression detected in brain, followed by lung, stomach, kidney, and reproductive 

tissues, such as testes, ovaries, and placenta (Fig 2).  No gender-specific expression 

patterns were observed for Mrp5.  Mrp6 mRNA expression was much higher in liver than 

any other tissue, but expression was detected in small intestine and kidney (Fig 2).  

Gender-specific expression patterns were not observed for Mrp6.  Mrp7 was expressed in 

most tissues, with highest expression in testes, followed by small intestine, kidney, ovary, 

placenta, and lung (Fig 2).    Mrp9 was almost solely expressed in testes and at extremely 

high levels, with virtually no expression observed in any other tissue (Fig 2).  
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Hepatic Ontogeny of Mrps.  Of the eight mouse Mrps, only Mrp2, 3, 4, and 6 are 

significantly expression in liver.  Therefore, expression of these Mrps was quantified 

from prenatal day -2 to 45 days of age.  Expression of Mrp2 in mice increased markedly 

between two days before birth to parturition, and remained relatively constant thereafter.  

Mrp3 expression was low until 3 weeks of age, and reached adult levels by one month of 

age (Fig 3).  Mrp4 expression was maximal at birth, and decreased about 70% by 2 weeks 

of age, but was relatively constant thereafter.  A gender difference in Mrp4 expression 

was noted, with slightly higher levels in female than male mice.  Mrp6 expression was 

not detectable in mouse liver until 10 days of age, at which time the mRNA levels were 

the highest.  The expression of Mrp6 decreased about 60% by day 15, and remained 

relatively constant thereafter. 

Renal Ontogeny of Mrps.  Of the eight mouse Mrps, six Mrps (Mrp1-6) are 

significantly expressed in kidney (Fig 4 and 5).  Mrp7 also had minor expression at 8 

weeks of age (Fig 2), thus the ontogeny of Mrp7 was also examined, but the expression 

was very minor, and this basal expression changed little over time (data not shown).  

These six Mrps all were expressed at birth, and were also detectable prenatally.  The 

expression of Mrp1 was rather constant throughout the ontogenic period, with female-

predominant expression observed at days 30 and 45.  In general, expression of Mrp2, 3, 4, 

and 6 increased with age, with Mrp2 exhibiting male-predominant expression at some 

timepoints (day 10 and 15), and with Mrp3 and 4 exhibiting female predominant 

expression at days 30 and 45.  Expression of Mrp3 increased almost four-fold between 10 

and 15 days of age, but then the expression in males decreased to levels seen at birth.  In 

contrast, Mrp4 expression increased both in males and females after birth, but more so in 
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females than males. Mrp5 expression was highest at birth, and gradually decreased over 

the first month, whereas Mrp6 increased gradually with time.  Mrp5 also exhibited 

statistically significant male-predominant expression at day 5 and 10. 
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Discussion: 

Mrp1 is highly expressed in reproductive tissues such as testes, ovaries, and 

placenta in mice (Fig 1).  Humans have high expression of MRP1 in lung, bladder, spleen, 

testes, thyroid, and adrenal glands (Zaman et al., 1994; Kruh et al., 1995), however, the 

data from humans (northern blotting) indicates little variation between these tissues, and 

it is thus difficult to compare these studies to the present data obtained in mice.  

Contrasting data between species exists, with modest MRP1 expression in ovary and 

placenta of humans, yet high expression in mice. Rats have the highest expression of 

Mrp1 in large intestine and stomach, but reproductive tissues were not examined 

(Cherrington et al., 2002).  Marked expression of mouse Mrp1 in testes, ovary, and 

placenta is suggestive of a physiological function other than efflux of xenobiotics and 

chemotherapeutic drugs.  The functional involvement of Mrp1 as an efflux transporter in 

testes has been demonstrated, and Mrp1 serves to protect the testes from 

chemotherapeutic agents, such as etopside (Wijnholds et al., 1997).  MRP1 has been 

shown to transport steroid conjugates such as 17β-estradiol-glucuronide with high 

affinity (Jedlitschky et al., 1996), however, high expression of Mrp1 in ovary/testes could 

suggest involvement in unconjugated steroid transport. 

Mrp2 expression in mice is highest in small intestine, followed by liver and 

kidney. This parallels data from humans and rats, in which expression of MRP2 is also 

high in liver and intestine (Kool et al., 1997; Cherrington et al., 2002).  In liver, MRP2 

serves as the canalicular efflux pump for many organic anions that are transported across 

the canalicular membrane into bile.   Mutations in the MRP2 gene in humans (Dubin-

Johnson Syndrome) and rats (TR-, EHBR) results in conjugated hyperbilirubinemia, due 
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to a decreased ability to excrete bilirubin-glucuronides (Ito et al., 1997; Toh et al., 1999). 

Prominent expression of Mrp2 in the small intestine suggests that Mrp2 is involved in 

excretion of xenobiotics into the intestinal lumen. Deficiencies in intestinal Mrp2 

expression have been linked to alterations in intestinal transport (Dietrich et al., 2001). 

MRP3 expression is highest in large intestine in humans, mice, and rats.    In mice, 

Mrp3 is highly expressed in colon, with significant expression throughout the digestive 

tract, liver, and kidney (Fig 1).  Studies using isolated basolateral membrane vesicles 

from rat intestine suggest that Mrp3 is involved in intestinal transport (Shoji et al., 2004).   

Mrp3 is a highly inducible, retrograde transporter that can efflux organic anions from 

hepatocytes into blood for eventual excretion into urine (Slitt et al., 2003; Trauner and 

Boyer, 2003).  Mrp3 is moderately expressed in livers of mice (Fig1) and humans (Kool 

et al., 1997; Cherrington et al., 2002), but in rat is barely detectable.  

In mice, Mrp4 is predominantly expressed in kidney, with moderate expression in 

stomach and ovary (Fig 1).  In rats and humans, Mrp4 is most highly expressed in kidney 

and lung (Kool et al., 1997; Chen and Klaassen, 2004).  In rat kidney, Mrp4 is expressed 

in the apical membrane of proximal tubules, and has been functionally described as 

important in urinary efflux of cAMP and cGMP, while also playing an important role in 

the blood-brain barrier (van Aubel et al., 2002; Leggas et al., 2004).  High expression in 

kidney and low expression in liver suggest that the role of Mrp4 in hepatic transport is 

minor, under naïve conditions. 

Mrp5 in mice is predominantly expressed in brain with significant expression in 

gonads, placenta, lung, and stomach.  In humans, MRP5 is ubiquitously expressed, with 

highest expression in skeletal muscle, followed by brain (Kool et al., 1997).  Rat Mrp5 
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expression has not been fully characterized, however,  efflux of adefovir, an anti-viral 

compound, from rat brain has been correlated with Mrp5 expression (Dallas et al., 2004).   

In mouse, highest expression of Mrp6 is in liver, with minor expression in 

proximal portions of the intestine as well (Fig 2).  Similarly, humans and rats have high 

MRP6 expression in liver, as well as kidney and intestine (Kool et al., 1999; Madon et al., 

2000). Whereas expression of MRP6 is consistently high in liver of all three species, the 

functional significance of this expression is not understood.  Furthermore, the 

significance of MRP6 expression in intestine and kidney has not been revealed, yet 

mutations in MRP6 are known to be associated with  pseudoxanthoma elasticum (Bergen 

et al., 2000).  MRP6 is functionally quite different from other Mrps, with poor affinity for 

other Mrp substrates (Madon et al., 2000). 

Mrp7 expression in mice was high in testes, with significant intestinal expression, 

and moderate expression in ovary and placenta.  Humans also have highest expression of 

MRP7 in testes, with moderate expression in skin (Hopper et al., 2001).  MRP7 was only 

detectable in these two human tissues by RT-PCR, suggesting minimal overall expression 

(Hopper et al., 2001; Chen et al., 2003).  Much like other MRPs, MRP7 transports 

anticancer compounds, estrogen-glucuronides, and leukotrienes (Hopper et al., 2001; 

Chen et al., 2003). 

MRP9 expression is highly expressed in mouse and human testes, yet expression 

is unknown for rats.  Tissue distribution of mouse Mrp9 indicates sole expression in 

testes, with virtually no mRNA expression observed in other tissues (Fig 2).  This is in 

agreement with previous work showing Mrp9 to be highly expressed in seminiferous 

tubules in mice (Shimizu et al., 2003).  Functional aspects of MRP9 have not been 
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elucidated, but expression of MRP9 was shown to be high in human testes and in breast 

tissue (Bera et al., 2002).   

Several genes involved in drug disposition exihibit gender-predominant 

expression patterns. For example, a one-fold  higher expression of Mdr1b in female, as 

compared to male, kidney was observed previously (Schinkel et al., 1994).  Furthermore, 

gender-specific Mrp expression patterns and alterations in drug disposition have not been 

reported.  However, examples of gender differences in renal excretion of organic anions 

or cations are numerous, including para-aminohippuric acid and furosemide (Cerrutti et 

al., 2002).  The potential involvement of gender specific Mrp expression could lead to 

altered efflux into urine. 

Female-predominant expression of some Mrp transporters was observed in mice.  

Most notable were female-predominant expression of Mrp4 in liver and kidney, as well 

as marked differences in Mrp3 expression in liver, where expression was 14-fold higher 

in females than males (Fig 1).  Although higher hepatic expression of Mrp1 was noted in 

females, the functional significance is questionable because of its low expression in liver.  

The ontogeny study illustrates expression patterns in liver as a function of 

developmental age (Fig 3).  In liver, Mrp2 was expressed at adult levels at birth, however, 

Mrp3 and Mrp6 expression increased during the first few weeks of life. In contrast, rat 

Mrp2 and Mrp4 mRNA and protein increase gradually over time, with rat Mrp4 

exhibiting male-predominant expression in liver (Johnson et al., 2002; Chen and 

Klaassen, 2004).  Mouse Mrp4 also has a unique pattern of development in liver, with 

maximal expression at birth, and decreasing during the first 10 days of age to adult levels.  
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Mrp6 is not expressed until 10 days of age, when the mRNA levels are almost three-fold 

higher than in adult mice.  

There are several Mrps expressed in kidney, including Mrps 1-6.  The renal 

ontogeny of these transporters can be divided into three expression patterns: 1) Mrp1 

expression remains relatively constant from birth to adulthood, 2) expression of Mrp2, 3, 

and 4 increase during the first few weeks of age, and 3) highest expression of Mrp5 is 

seen at birth, and expression decreased during the first few weeks (Fig 4 and 5).  The 

majority of Mrps were not expressed at adult levels in newborn animals, thus suggesting 

that Mrp substrates would not be readily excreted by the kidney. 

Several gender-predominant patterns of expression were observed in kidney.  

Mrp1, 3, and 4 all showed female-predominant expression by 6 weeks of age (Fig 4 and 

5).  Male expression of renal Mrp1 and Mrp3 was similar to adult female levels at 3 

weeks of age, but then expression in males decreased markedly (Fig 5).  In contrast, 

Mrp4 expression increased in female kidneys after 30 days of age, whereas in males, it 

remained relatively constant.  

In conclusion, highest expression of the Mrp family members was observed as 

follows: Mrp1 in testes, ovary, and placenta; Mrp2 in intestine, followed by liver and 

kidney; Mrp3 in large intestine; Mrp4 in kidney; Mrp5 in brain, followed by lung and 

stomach; Mrp6 in liver; Mrp7 in testes, intestine, and kidney; and Mrp9 solely in testes.  

Expression of several Mrps in reproductive tissues was high, suggesting a role in 

transport of hormones or other endogenous substrates.  Furthermore, significant gender 

differences in Mrp1, Mrp3 and Mrp4 expression may lead to altered disposition of 

chemicals in kidney.  The ontogeny data demonstrate that several Mrps do not exhibit 
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mature expression until one month of age or later, suggesting slower xenobiotic 

elimination during postnatal development.  Taken together, these data create a foundation 

that describes tissue distribution, ontogeny, and gender specific expression of Mrps in 

mouse, which will be useful in understanding pharmacokinetic data in mice, and in 

extrapolation of data from mice to humans. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

This article has not been copyedited and formatted. The final version may differ from this version.
DMD Fast Forward. Published on March 31, 2005 as DOI: 10.1124/dmd.105.003780

 at A
SPE

T
 Journals on A

pril 18, 2024
dm

d.aspetjournals.org
D

ow
nloaded from

 

http://dmd.aspetjournals.org/


 DMD #3780 

 18

Acknowledgements:  

The authors would like to thank Drs. Tyra Leazer, Yuji Tanaka, Susan Buist, Jay Petrick, 

Matt Dieter, Chuan Chen, Hong Lu and Jim Brady for their technical expertise.  

Furthermore, we would like to thank Mindy Shelby and Dave Buckley for help in 

collecting tissues.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

This article has not been copyedited and formatted. The final version may differ from this version.
DMD Fast Forward. Published on March 31, 2005 as DOI: 10.1124/dmd.105.003780

 at A
SPE

T
 Journals on A

pril 18, 2024
dm

d.aspetjournals.org
D

ow
nloaded from

 

http://dmd.aspetjournals.org/


 DMD #3780 

 19

References: 

Belinsky MG, Chen ZS, Shchaveleva I, Zeng H and Kruh GD (2002) Characterization of 
the drug resistance and transport properties of multidrug resistance protein 6 
(MRP6, ABCC6). Cancer Res 62:6172-6177. 

Bera TK, Iavarone C, Kumar V, Lee S, Lee B and Pastan I (2002) MRP9, an unusual 
truncated member of the ABC transporter superfamily, is highly expressed in 
breast cancer. Proc Natl Acad Sci U S A 99:6997-7002. 

Bergen AA, Plomp AS, Schuurman EJ, Terry S, Breuning M, Dauwerse H, Swart J, Kool 
M, van Soest S, Baas F, ten Brink JB and de Jong PT (2000) Mutations in 
ABCC6 cause pseudoxanthoma elasticum. Nat Genet 25:228-231. 

Cerrutti JA, Quaglia NB, Brandoni A and Torres AM (2002) Effects of gender on the 
pharmacokinetics of drugs secreted by the renal organic anions transport systems 
in the rat. Pharmacol Res 45:107-112. 

Chen C and Klaassen CD (2004) Rat multidrug resistance protein 4 (Mrp4, Abcc4): 
molecular cloning, organ distribution, postnatal renal expression, and chemical 
inducibility. Biochem Biophys Res Commun 317:46-53. 

Chen ZS, Hopper-Borge E, Belinsky MG, Shchaveleva I, Kotova E and Kruh GD (2003) 
Characterization of the transport properties of human multidrug resistance protein 
7 (MRP7, ABCC10). Mol Pharmacol 63:351-358. 

Chen ZS, Lee K and Kruh GD (2001) Transport of cyclic nucleotides and estradiol 17-
beta-D-glucuronide by multidrug resistance protein 4. Resistance to 6-
mercaptopurine and 6-thioguanine. J Biol Chem 276:33747-33754. 

Cherrington NJ, Hartley DP, Li N, Johnson DR and Klaassen CD (2002) Organ 
distribution of multidrug resistance proteins 1, 2, and 3 (Mrp1, 2, and 3) mRNA 
and hepatic induction of Mrp3 by constitutive androstane receptor activators in 
rats. J Pharmacol Exp Ther 300:97-104. 

Cole SP, Bhardwaj G, Gerlach JH, Mackie JE, Grant CE, Almquist KC, Stewart AJ, Kurz 
EU, Duncan AM and Deeley RG (1992) Overexpression of a transporter gene in a 
multidrug-resistant human lung cancer cell line. Science 258:1650-1654. 

Dallas S, Schlichter L and Bendayan R (2004) Multidrug resistance protein (MRP) 4- and 
MRP 5-mediated efflux of 9-(2-phosphonylmethoxyethyl)adenine by microglia. J 
Pharmacol Exp Ther 309:1221-1229. 

Dean M and Allikmets R (2001) Complete characterization of the human ABC gene 
family. J Bioenerg Biomembr 33:475-479. 

Dietrich CG, de Waart DR, Ottenhoff R, Bootsma AH, van Gennip AH and Elferink RP 
(2001) Mrp2-deficiency in the rat impairs biliary and intestinal excretion and 
influences metabolism and disposition of the food-derived carcinogen 2-amino-1-
methyl-6-phenylimidazo. Carcinogenesis 22:805-811. 

Guo GL, Johnson DR and Klaassen CD (2002) Postnatal expression and induction by 
pregnenolone-16alpha-carbonitrile of the organic anion-transporting polypeptide 
2 in rat liver. Drug Metab Dispos 30:283-288. 

Guo Y, Kotova E, Chen ZS, Lee K, Hopper-Borge E, Belinsky MG and Kruh GD (2003) 
MRP8, ATP-binding cassette C11 (ABCC11), is a cyclic nucleotide efflux pump 
and a resistance factor for fluoropyrimidines 2',3'-dideoxycytidine and 9'-(2'-
phosphonylmethoxyethyl)adenine. J Biol Chem 278:29509-29514. 

This article has not been copyedited and formatted. The final version may differ from this version.
DMD Fast Forward. Published on March 31, 2005 as DOI: 10.1124/dmd.105.003780

 at A
SPE

T
 Journals on A

pril 18, 2024
dm

d.aspetjournals.org
D

ow
nloaded from

 

http://dmd.aspetjournals.org/


 DMD #3780 

 20

Hopper E, Belinsky MG, Zeng H, Tosolini A, Testa JR and Kruh GD (2001) Analysis of 
the structure and expression pattern of MRP7 (ABCC10), a new member of the 
MRP subfamily. Cancer Lett 162:181-191. 

Huang W, Zhang J, Chua SS, Qatanani M, Han Y, Granata R and Moore DD (2003) 
Induction of bilirubin clearance by the constitutive androstane receptor (CAR). 
Proc Natl Acad Sci U S A 100:4156-4161. 

Ito K, Suzuki H, Hirohashi T, Kume K, Shimizu T and Sugiyama Y (1997) Molecular 
cloning of canalicular multispecific organic anion transporter defective in EHBR. 
Am J Physiol 272:G16-22. 

Jedlitschky G, Leier I, Buchholz U, Barnouin K, Kurz G and Keppler D (1996) Transport 
of glutathione, glucuronate, and sulfate conjugates by the MRP gene-encoded 
conjugate export pump. Cancer Res 56:988-994. 

Johnson DR, Guo GL and Klaassen CD (2002) Expression of rat Multidrug Resistance 
Protein 2 (Mrp2) in male and female rats during normal and pregnenolone-
16alpha-carbonitrile (PCN)-induced postnatal ontogeny. Toxicology 178:209-219. 

Kawade N and Onishi S (1981) The prenatal and postnatal development of UDP-
glucuronyltransferase activity towards bilirubin and the effect of premature birth 
on this activity in the human liver. Biochem J 196:257-260. 

Kool M, de Haas M, Scheffer GL, Scheper RJ, van Eijk MJ, Juijn JA, Baas F and Borst P 
(1997) Analysis of expression of cMOAT (MRP2), MRP3, MRP4, and MRP5, 
homologues of the multidrug resistance-associated protein gene (MRP1), in 
human cancer cell lines. Cancer Res 57:3537-3547. 

Kool M, van der Linden M, de Haas M, Baas F and Borst P (1999) Expression of human 
MRP6, a homologue of the multidrug resistance protein gene MRP1, in tissues 
and cancer cells. Cancer Res 59:175-182. 

Kruh GD and Belinsky MG (2003) The MRP family of drug efflux pumps. Oncogene 
22:7537-7552. 

Kruh GD, Gaughan KT, Godwin A and Chan A (1995) Expression pattern of MRP in 
human tissues and adult solid tumor cell lines. J Natl Cancer Inst 87:1256-1258. 

Leggas M, Adachi M, Scheffer GL, Sun D, Wielinga P, Du G, Mercer KE, Zhuang Y, 
Panetta JC, Johnston B, Scheper RJ, Stewart CF and Schuetz JD (2004) Mrp4 
confers resistance to topotecan and protects the brain from chemotherapy. Mol 
Cell Biol 24:7612-7621. 

Madon J, Hagenbuch B, Landmann L, Meier PJ and Stieger B (2000) Transport function 
and hepatocellular localization of Mrp6 in rat liver. Mol Pharmacol 57:634-641. 

Reid G, Wielinga P, Zelcer N, De Haas M, Van Deemter L, Wijnholds J, Balzarini J and 
Borst P (2003) Characterization of the transport of nucleoside analog drugs by the 
human multidrug resistance proteins MRP4 and MRP5. Mol Pharmacol 63:1094-
1103. 

Schinkel AH, Smit JJ, van Tellingen O, Beijnen JH, Wagenaar E, van Deemter L, Mol 
CA, van der Valk MA, Robanus-Maandag EC, te Riele HP and et al. (1994) 
Disruption of the mouse mdr1a P-glycoprotein gene leads to a deficiency in the 
blood-brain barrier and to increased sensitivity to drugs. Cell 77:491-502. 

Schuetz JD, Connelly MC, Sun D, Paibir SG, Flynn PM, Srinivas RV, Kumar A and 
Fridland A (1999) MRP4: A previously unidentified factor in resistance to 
nucleoside-based antiviral drugs. Nat Med 5:1048-1051. 

This article has not been copyedited and formatted. The final version may differ from this version.
DMD Fast Forward. Published on March 31, 2005 as DOI: 10.1124/dmd.105.003780

 at A
SPE

T
 Journals on A

pril 18, 2024
dm

d.aspetjournals.org
D

ow
nloaded from

 

http://dmd.aspetjournals.org/


 DMD #3780 

 21

Shimizu H, Taniguchi H, Hippo Y, Hayashizaki Y, Aburatani H and Ishikawa T (2003) 
Characterization of the mouse Abcc12 gene and its transcript encoding an ATP-
binding cassette transporter, an orthologue of human ABCC12. Gene 310:17-28. 

Shoji T, Suzuki H, Kusuhara H, Watanabe Y, Sakamoto S and Sugiyama Y (2004) ATP-
dependent transport of organic anions into isolated basolateral membrane vesicles 
from rat intestine. Am J Physiol Gastrointest Liver Physiol. 

Slitt AL, Cherrington NJ, Maher JM and Klaassen CD (2003) Induction of multidrug 
resistance protein 3 in rat liver is associated with altered vectorial excretion of 
acetaminophen metabolites. Drug Metab Dispos 31:1176-1186. 

Toh S, Wada M, Uchiumi T, Inokuchi A, Makino Y, Horie Y, Adachi Y, Sakisaka S and 
Kuwano M (1999) Genomic structure of the canalicular multispecific organic 
anion-transporter gene (MRP2/cMOAT) and mutations in the ATP-binding-
cassette region in Dubin-Johnson syndrome. Am J Hum Genet 64:739-746. 

Trauner M and Boyer JL (2003) Bile salt transporters: molecular characterization, 
function, and regulation. Physiol Rev 83:633-671. 

Tusnady GE, Bakos E, Varadi A and Sarkadi B (1997) Membrane topology distinguishes 
a subfamily of the ATP-binding cassette (ABC) transporters. FEBS Lett 402:1-3. 

van Aubel RA, Smeets PH, Peters JG, Bindels RJ and Russel FG (2002) The 
MRP4/ABCC4 gene encodes a novel apical organic anion transporter in human 
kidney proximal tubules: putative efflux pump for urinary cAMP and cGMP. J 
Am Soc Nephrol 13:595-603. 

Wielinga PR, Reid G, Challa EE, van der Heijden I, van Deemter L, de Haas M, Mol C, 
Kuil AJ, Groeneveld E, Schuetz JD, Brouwer C, De Abreu RA, Wijnholds J, 
Beijnen JH and Borst P (2002) Thiopurine metabolism and identification of the 
thiopurine metabolites transported by MRP4 and MRP5 overexpressed in human 
embryonic kidney cells. Mol Pharmacol 62:1321-1331. 

Wijnholds J, Evers R, van Leusden MR, Mol CA, Zaman GJ, Mayer U, Beijnen JH, van 
der Valk M, Krimpenfort P and Borst P (1997) Increased sensitivity to anticancer 
drugs and decreased inflammatory response in mice lacking the multidrug 
resistance-associated protein. Nat Med 3:1275-1279. 

Zaman GJ, Flens MJ, van Leusden MR, de Haas M, Mulder HS, Lankelma J, Pinedo HM, 
Scheper RJ, Baas F, Broxterman HJ and et al. (1994) The human multidrug 
resistance-associated protein MRP is a plasma membrane drug-efflux pump. Proc 
Natl Acad Sci U S A 91:8822-8826. 

Zelcer N, Reid G, Wielinga P, Kuil A, van der Heijden I, Schuetz JD and Borst P (2003) 
Steroid and bile acid conjugates are substrates of human multidrug-resistance 
protein (MRP) 4 (ATP-binding cassette C4). Biochem J 371:361-367. 

 
 

 

 

 

This article has not been copyedited and formatted. The final version may differ from this version.
DMD Fast Forward. Published on March 31, 2005 as DOI: 10.1124/dmd.105.003780

 at A
SPE

T
 Journals on A

pril 18, 2024
dm

d.aspetjournals.org
D

ow
nloaded from

 

http://dmd.aspetjournals.org/


 DMD #3780 

 22

Footnotes: 

 

Grant Support: National Institute of Health grants ES-09716 and ES-07079. 

 

Reprint Requests: 

Curtis Klaassen, Ph.D. 

Department of Pharmacology, Toxicology, and Therapeutics 

 University of Kansas Medical Center 

3901 Rainbow Blvd., Kansas City, KS 66160-7417, USA.  

Phone: (913)588-7714 

 Fax: (913) 588-7501; 

 E-mail: cklaasse@kumc.edu 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 

This article has not been copyedited and formatted. The final version may differ from this version.
DMD Fast Forward. Published on March 31, 2005 as DOI: 10.1124/dmd.105.003780

 at A
SPE

T
 Journals on A

pril 18, 2024
dm

d.aspetjournals.org
D

ow
nloaded from

 

http://dmd.aspetjournals.org/


 DMD #3780 

 23

Figure 1.   Tissue distribution of Mrp1-4 mRNA in twelve mouse tissues: liver, kidney, 

lung, stomach, duodenum, jejunum, ileum, large intestine, brain, testes, ovary, and 

placenta.  Data are quantified by the bDNA assay and expressed as mean relative light 

units ± S.E.M.  Asterisks (*) represent statistically significant differences between male 

and female mice (P<0.05).  

 

Figure 2.   Tissue distribution of Mrp5, 6, 7 and 9 mRNA in twelve mouse tissues: liver, 

kidney, lung stomach, duodenum, jejunum, ileum, large intestine, brain, testes, ovary, and 

placenta.  Data are quantified by the bDNA assay and expressed as mean relative light 

units ± S.E.M.  Asterisks (*) represent statistically significant differences between male 

and female mice (P<0.05). 

 
Figure 3.   Ontogeny of Mrp2, 3, 4, and 6 mRNA expression in male and female mouse 

liver.  Livers from male and female mice were removed on prenatal day -2, and 

postpartum day 0, 5, 10, 15, 23, 30, 35, 40, and 45.  All data expressed as mean relative 

light units ± S.EM. for a minimum of five male and five female mice in each age group. 

Asterisks (*) denote a statistical significance between male and female mice (P<0.05). 

 
Figure 4.   Ontogeny of Mrp1, 2, and 3 expression in male and female mouse kidney.  

Kidneys from male and female mice were removed on prenatal day -2, and postpartum 

day 0, 5, 10, 15, 22, 30, and 45.  All data expressed as mean relative light units ± S.EM. 

for a minimum of five male and five female mice in each age group. Asterisks (*) denote 

a statistical significance between male and female mice (P<0.05). 
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Figure 5.  Ontogeny of Mrp4, 5, and 6 expression in male and female mouse kidney.  

Kidneys from male and female mice were removed on prenatal day -2, and postpartum 

day 0, 5, 10, 15, 22, 30, and 45.  All data expressed as mean relative light units ± S.EM. 

for a minimum of five male and five female mice in each age group. Asterisks (*) denote 

a statistical significance between male and female mice (P<0.05). 
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Table 1.  Nomenclature and Accession Numbers for Mouse Mrps. 

Mrp 
nomenclature 

ABC 
nomenclature 

Accession Number bDNA Target 
Sequence 

Mrp1 Abcc1 NM_008576  2554-2898 bp 
Mrp2 Abcc2 NM_013806 2497-2921 bp 
Mrp3 Abcc3 NM_029600 2204-2610 bp 
Mrp4 Abcc4 XM_139262 22-368 bp 
Mrp5 Abcc5 NM_013790 686-1219 bp 
Mrp6 Abcc6 NM_018795 4023-4397 bp 
Mrp7 Abcc10 AF406642 4582-4956 bp 
Mrp9 Abcc12 NM_172912  287-702 bp 
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Table 2.  Branched DNA Probesets for the Mouse Mrp Family.   Capture extenders 
(CE), label extenders (LE) , and blockers (BL) serve in the branched DNA assay to 
1) bind the mRNA to the well, 2) create a tree of alkaline phosphatase molecules to 
produce luminescence when substrate is added, and 3) block non-specific 
interactions between the probes and the mRNA transcript, respectively.  
 
 
Mrp1 Target Sequence Function Sequence 
 
 2554-2574 CE ccggtctagcagctcctgataTTTTTctcttggaaagaaagt 

 
 2611-2629 CE ccaggtcctgctcagcgttTTTTTctcttggaaagaaagt 

 
 2712-2731 CE gatgcctctgcaggtgctttTTTTTctcttggaaagaaagt 

 
 2772-2792 CE agttcggctatgctgctgtgtTTTTTctcttggaaagaaagt 

 
 2793-2812 CE ccttagctccagccttctgcTTTTTctcttggaaagaaagt 

 
 2575-2592 LE ctcagcgaaggccccatcTTTTTaggcataggacccgtgtct 

 
 2593-2610 LE ggcataggtgcgcaggaaTTTTTaggcataggacccgtgtct 

 
 2630-2650 LE tgacactgtcatcctccgaggTTTTTaggcataggacccgtgtct 

 
 2651-2672 LE tttgactccttccctgaaccacTTTTTaggcataggacccgtgtct 

 2673-2690 LE atcccattttccaccggcTTTTTaggcataggacccgtgtct 
 
 

2691-2711 LE cctacggtgtctgtcaccagcTTTTTaggcataggacccgtgtct 

 
 

2753-2771 LE tgctggctggtatccccacTTTTTaggcataggacccgtgtct 

 
 

2813-2834 LE tccattagcttccacgtctcctTTTTTaggcataggacccgtgtct 

 
 

2835-2854 LE ctgtctgggccttgtctgctTTTTTaggcataggacccgtgtct 

 
 

2855-2874 LE cactgacagctgcacctgccTTTTTaggcataggacccgtgtct 

 
 

2875-2898 LE aatggccttcatgtagttccagtaTTTTTaggcataggacccgtgtct 

 
 

2732-2752 BL tgtgggaagacgagttgctga 

Mrp2 Target Sequence Function Sequence 
 
 

2497-2518 CE tctctaagatggtgcctttcccTTTTTctcttggaaagaaagt 

 
 

2543-2566 CE tcttagcgaacactcctttcttgtTTTTTctcttggaaagaaagt 

 
 

2591-2609 CE gcctctccttcaggtcccgTTTTTctcttggaaagaaagt 

 
 

2697-2718 CE gctgttctcccttctcatggtcTTTTTctcttggaaagaaagt 

 
 

2738-2756 CE ctgccggacctagagctgcTTTTTctcttggaaagaaagt 

 
 

2875-2900 CE ttcaggtagatggagaactttaccttTTTTTctcttggaaagaaagt 

 
 

2519-2542 LE ccatcaggtcactataggatccctTTTTTaggcataggacccgtgtct 

 
 

2567-2590 LE aatgcttcatgaatgtcttccagtTTTTTaggcataggacccgtgtct 

 2610-2633 LE tcctcactgtcgttatcgactgtaTTTTTaggcataggacccgtgtct 
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2634-2654 LE agcccacagtcaccatcctctTTTTTaggcataggacccgtgtct 

 
 

2655-2676 LE aatttcctccacagttgggatcTTTTTaggcataggacccgtgtct 

 
 

2757-2774 LE agggacttcccacgcctgTTTTTaggcataggacccgtgtct 

 
 

2775-2799 LE acttttaattttcaaggagcttttgTTTTTaggcataggacccgtgtct 

 
 

2800-2823 LE ctccttcttattcaaggcattcacTTTTTaggcataggacccgtgtct 

 
 

2824-2852 LE ttaattagtttttgtcctttcactacttcTTTTTaggcataggacccgtgtct 

 
 

2853-2874 LE cccagtttccacaaattccttcTTTTTaggcataggacccgtgtct 

 
 

2901-2921 LE catcctaccgcctgcagatatTTTTTaggcataggacccgtgtct 

 
 

2677-2696 BL aaggaagctgcatcgtcagg 

Mrp3 Target Sequence Function Sequence 
 
 

2246-2265 CE tctcatgaactgcttgcggaTTTTTctcttggaaagaaagt 

 
 

2290-2307 CE ccggttctggacctccccTTTTTctcttggaaagaaagt 

 
 

2379-2405 CE gtctctgctatctcctctttgattaatTTTTTctcttggaaagaaagt 

 
 

2496-2513 CE ccgatagcagctgcgcttTTTTTctcttggaaagaaagt 

 
 

2552-2571 CE gttctgctggccatgttcctTTTTTctcttggaaagaaagt 

 
 

2204-2225 LE ttgtctgtcaggtctgtgtgggTTTTTaggcataggacccgtgtct 

 
 

2226-2245 LE cctcgtagatggctggctcaTTTTTaggcataggacccgtgtct 

 
 

2338-2356 LE tcaccagcgcctccttctcTTTTTaggcataggacccgtgtct 

 
 

2357-2378 LE gcgccagtctccttagtctttgTTTTTaggcataggacccgtgtct 

 
 

2406-2427 LE cacactcagcttcacattgcctTTTTTaggcataggacccgtgtct 

 
 

2514-2533 LE cgctgagccacacattggctTTTTTaggcataggacccgtgtct 

 
 

2572-2591 LE ccgagccttacggaggtcttTTTTTaggcataggacccgtgtct 

 
 

2592-2610 LE ccctagggcggcgtagacaTTTTTaggcataggacccgtgtct 

 
 

2266-2289 BL ttcagaagacaaggagctcatctc 

 
 

2308-233 BL tttgtgtgtttcttgggcatagt 

 
 

2428-2451 BL catagacttggcataatcccagta 

 
 

2452-2476 BL agatagatagcgtggtacagagtcc 

 
 

2477-2495 BL tggccaccatacaggaggc 

 
 

3361-3379 BL tctccaccacccagggggc 

Mrp4 Target Sequence Function Sequence 
 
 65-82 CE cccagctccggttctgccTTTTTctcttggaaagaaagt 
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 83-102 CE gccgagatgagggagcttttTTTTTctcttggaaagaaagt 

 
 125-145 CE atcgatccagattttcccctcTTTTTctcttggaaagaaagt 

 
 217-238 CE cctcatggttccagtgaacagaTTTTTctcttggaaagaaagt 

 
 321-344 CE tatccatttttccaggaagatcttTTTTTctcttggaaagaaagt 

 
 22-42 LE gacttgatgagcgcaatcaggTTTTTaggcataggacccgtgtct 

 
 43-64 LE cacaattccaaccttttccctgTTTTTaggcataggacccgtgtct 

 
 146-168 LE ccaatttcggttgtcaagatcttTTTTTaggcataggacccgtgtct 

 
 193-216 LE acaggttcctgtggtatgattgacTTTTTaggcataggacccgtgtct 

 
 260-278 LE gctcctcgtccgtgtgctcTTTTTaggcataggacccgtgtct 

 
 279-296 LE cctccaaggccctccacaTTTTTaggcataggacccgtgtct 

 
 345-368 LE tggatccagattctgctaattcagTTTTTaggcataggacccgtgtct 

 
 103-124 BL gggttctgacagcctgaagagg 

 
 169-192 BL attttcttccttaagtcgtgaagc 

 
 239-259 BL attgaaggggtccaggttttt 

Mrp5 Target Sequences Function Sequence 
 
 

686-704 CE ggccaggccctgaatgctaTTTTTctcttggaaagaaagt 

 
 

874-894 CE aagggatctgtccatgcatgaTTTTTctcttggaaagaaagt 

 
 

1026-1046 CE ggcaggtgcttccaaagagagTTTTTctcttggaaagaaagt 

 
 

1047-1069 CE ggaggagccttgttcttgattctTTTTTctcttggaaagaaagt 

 
 

1112-1134 CE gattttcccggtatctcatttctTTTTTctcttggaaagaaagt 

 
 

1158-1177 CE ttgggcttgatggtgaaggaTTTTTctcttggaaagaaagt 

 
 

1199-1219 CE gacttccctgaccctgttcgtTTTTTctcttggaaagaaagt 

 
 

705-726 LE ttttgttgtaggcatggatggtTTTTTaggcataggacccgtgtct 

 
 

727-75 LE gatacctgtgtaaaaactcctgccTTTTTaggcataggacccgtgtct 

 
 

751-771 LE ggttgtcatccaggagctcctTTTTTaggcataggacccgtgtct 

 
 

793-812 LE cagccacctcattgcacaggTTTTTaggcataggacccgtgtct 

 
 

813-83 LE gaggtccagccgcactgcTTTTTaggcataggacccgtgtct 

 
 

831-851 LE ggtaatcagggcaatgctgatTTTTTaggcataggacccgtgtct 

 
 

895-912 LE caagccccgcataggctgTTTTTaggcataggacccgtgtct 

 
 913-933 LE actgcacagcgtaggagatggTTTTTaggcataggacccgtgtct 

 958-978 LE ctgtctccgatgccagtctgaTTTTTaggcataggacccgtgtct 

 1088-1111 LE gcattctcaaaggttacttctcccTTTTTaggcataggacccgtgtct 

This article has not been copyedited and formatted. The final version may differ from this version.
DMD Fast Forward. Published on March 31, 2005 as DOI: 10.1124/dmd.105.003780

 at A
SPE

T
 Journals on A

pril 18, 2024
dm

d.aspetjournals.org
D

ow
nloaded from

 

http://dmd.aspetjournals.org/


 29

 

 
 

1135-1157 LE cactttcttaaggaccagagggaTTTTTaggcataggacccgtgtct 

 
 

1178-1198 LE cccacaatgcctatcttttccTTTTTaggcataggacccgtgtct 

 
 

772-792 BL tgaacaggaaaaagggagcct 

 
 

852-873 BL gaacaatcatcaggccagtggt 

 
 

934-957 BL cggtgaactggaatagtccagtta 

 
 

979-998 BL cacggaagtgaaccgtgctt 

 
 

999-1025 BL agtcttgatatagtggttgatcctctc 

Mrp6 Target Sequence Function Sequence 
 
 

4104-4119 CE gcgctgcccagatgccTTTTTctcttggaaagaaagt 

 
 

4160-418 CE cactcatattgcagctggccaTTTTTctcttggaaagaaagt 

 
 

4238-4256 CE ggttttccggagaagggctTTTTTctcttggaaagaaagt 

 
 

4257-4278 CE cctcgtccaggatgaggatctgTTTTTctcttggaaagaaagt 

 
 

4318-4333 CE cgctccagggccgcctTTTTTctcttggaaagaaagt 

 
 

4360-4377 CE gcaggcggtgagcgataaTTTTTctcttggaaagaaagt 

 
 

4023-4042 LE gggtcctgagggatgatggtTTTTTaggcataggacccgtgtct 

 
 

4043-4062 LE gagagcctgggaacaggacaTTTTTaggcataggacccgtgtct 

 
 

4063-4081 LE aggtccaggttcatccgcaTTTTTaggcataggacccgtgtct 

 
 

4120-414 LE ccttgagctgcactgtctccaTTTTTaggcataggacccgtgtct 

 
 

4141-4159 LE ggcaggctggtcacgaaggTTTTTaggcataggacccgtgtct 

 
 

4181-4198 LE tcatctccctggcctgcaTTTTTaggcataggacccgtgtct 

 
 

4199-4219 LE tgtttatgacccacgctcaggTTTTTaggcataggacccgtgtct 

 
 

4220-4237 LE cgtgccaggcacaggagcTTTTTaggcataggacccgtgtct 

 
 

4279-4297 LE gggtccacagaggcagtcgTTTTTaggcataggacccgtgtct 

 
 

4298-4317 LE gcatctgcatctccgtccctTTTTTaggcataggacccgtgtct 

 
 

4334-4359 LE gcagtaaggtacactgtgtaaaccagTTTTTaggcataggacccgtgtct 

 
 

4378-4397 LE ggcacagtccatcacggagcTTTTTaggcataggacccgtgtct 

Mrp7 Target Function Sequence 
 
 4603-4619 CE cgttgggctccagcagcTTTTTctcttggaaagaaagt 

 
 4659-4676 CE tgagctcggccagctccaTTTTTctcttggaaagaaagt 

 
 4697-4717 CE gaacaggaaaggctcctgaggTTTTTctcttggaaagaaagt 

 
 4892-4912 CE tgtaagaagagcccttgccagTTTTTctcttggaaagaaagt 
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 4620-4637 LE ccaggagcactcgccctgTTTTTaggcataggacccgtgtct 

 
 4677-4696 LE gatgacagccagctgggatcTTTTTaggcataggacccgtgtct 

 
 4718-4736 LE tctcccgaatagtcccgctTTTTTaggcataggacccgtgtct 

 
 4754-4772 LE gggccctgtcctcgtgtagTTTTTaggcataggacccgtgtct 

 
 4773-4791 LE tgttccaaggcttgccacaTTTTTaggcataggacccgtgtct 

 
 4792-4812 LE gccacctcactcaggtgacacTTTTTaggcataggacccgtgtct 

 
 4813-4829 LE ggccacccatggcgacaTTTTTaggcataggacccgtgtct 

 
 4830-4849 LE ttctcccagctctccatccaTTTTTaggcataggacccgtgtct 

 
 4850-4868 LE gggacaggttctggcccctTTTTTaggcataggacccgtgtct 

 
 4869-4891 LE acacagcagctgtctctgtcctaTTTTTaggcataggacccgtgtct 

 
 4913-4936 LE gtcaatgcacaagattttagcatcTTTTTaggcataggacccgtgtct 

 
 4937-4956 LE tccacacttgctgtggcctcTTTTTaggcataggacccgtgtct 

 
 4582-4602 BL cggaagagcaccagaaacagg 

 
 4638-4658 BL gctggctggtgtccacattgt 

Mrp9 Target Function Sequence 
 
 

306-327 CE ttcccaaaggatctggaatctcTTTTTctcttggaaagaaagt 

 
 

351-368 CE cccagggaggccttctcaTTTTTctcttggaaagaaagt 

 
 

471-492 CE ggtaatgtgctggaggatttggTTTTTctcttggaaagaaagt 

 
 

593-613 CE ggatcgctgtgcggtaatttaTTTTTctcttggaaagaaagt 

 
 

634-655 CE gcaggttttcgaagattagcgtTTTTTctcttggaaagaaagt 

 
 

287-305 LE ttggcgttgatgtccgatgTTTTTaggcataggacccgtgtct 

 
 

369-387 LE gaatttccagaccacgcggTTTTTaggcataggacccgtgtct 

 
 

410-431 LE cacaggatgttggctacaacgtTTTTTaggcataggacccgtgtct 

 
 

432-450 LE caaggctgccatgacgatgTTTTTaggcataggacccgtgtct 

 
 

451-470 LE tgaatgagaactgtcggcccTTTTTaggcataggacccgtgtct 

 
 

493-513 LE gatgtgtccggaggagatgctTTTTTaggcataggacccgtgtct 

 
 

514-532 LE acaagcagatgccgatcccTTTTTaggcataggacccgtgtct 

 
 

614-633 LE ggagagggccaccttcagtcTTTTTaggcataggacccgtgtct 

 
 

682-702 LE attgagtacctcgcctgcagaTTTTTaggcataggacccgtgtct 

 
 328-350 BL ggccctaccctctttatttcttc 

 
 388-409 BL ccatcagaactcgggttctctg 
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 533-553 BL cggtggtaaagagggccagac 

 
 554-576 BL ccaaaagaggactttggtgaact 
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