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We determined the chromosomal localization and structure of the gene

encoding human type II inosine 5'-monophosphate dehydrogenase (IMPDH, EC

1.1.1.205), an enzyme associated with cellular proliferation, malignant

transformation, and differenUation. Using polymerase chain reacUon (PCR)

primers specific for type II IMPDH, we screened a panel of human-Chinese

hamster cell somatic hybrids and a separate deletion panel of chromosome 3

hybrids and localized the gene to 3p21.2-_p24.2. Two overlapping yeast artificial

chromosome clones containing the full gene for type II IMPDH were isolated and

a physical map of 117 kb of human genomic DNA in this region of chromosome

3 was constructed. The gene for type II IMPDH was localized and oriented on •

this map and found to span no more than 12.5 kb.

IMPDH is the rate-limitingenzymein de novo guaninenucleotidebiosynthesis. It

catalyzes the NAD-dependentconversionof IMP intoXMP, which is rapidlyconverted

to GMP. IMPDH activitycorrelatespositivelywith increasedproliferationof both

normal and malignanttissuesandcells(Jacksonand Weber, 1975) as well as

malignanttransformation(Itoh et a/., 1989). Specificinhibitionof IMPDH activityby

treatmentwith mycophenolicacidor tiazofurininhibitscell multiplicationand induces

differentiationin a number of cell systems(Wright,1987; Kiguchieta/., 1990). In

humans, there are two separate IMPDH proteinsencodedby two distinctgenes,

termecltype I and type II (Collartand Huberman,1988; Natsumeda et al., 1990).

Regulationof IMPDH activitiesduringgrowth,transformation,and differentiationis due
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to specificchanges in the expressionof type II mRNA while type I remains

constitutivelyexpressed(Nagai et a/., 1992).

To localizetype II IMPDH to a particularchromosome,PCR primers(2L3: 5'-

A'I-I'GCTGCCATCCAACACTCA-3';2R2: 5'-CCGAGGAGGTGTGCTGGAT-3') were

designed so as to amplifya 190-bpDNA fragmentfroman IMPDH type II cDNA clone

(Genbank accession#J04208). However,amplificationof humangenomicDNA

resultedin a singleband of 360 bp, 170 bp larger thanexpected. This band was

sequenced (Genbank accession#L08114)and the largersize determinedto be due to

amplificationacrosstwo introns. Bothintronsare of the type 2 variety(Pattl_y,1987)

with the first80-bp introndividingthe codonfor arginine480 and the second90-bp

introndividingthe codon for serine508. Bothsets of spliceacceptorand donorsites

conformto the consensussequencespreviouslyproposed(Mount, 1982). We then

used primers 2L3 and 2R2 anda PCR based methodto screena panel of DNAs from

25 differenthuman-Chinesehamstersomaticcell hybrids. The presenceor absence

of the 360-bp type II IMPDH PCR productwas tabulatedagainstthe presenceor

absence of individualchromosomesfromthe tested hybrids(Table 1). By this

method, IMPDH type II cosegregatedwithhumanchromosome3 at a discordancyof

0%. Amplificationof the panelwithtwotype I IMPDH primerpairsresultedin

amplificationof DNA from a varietyof cell hybrids(data notshown). However,

discordancyanalysiswith each primersetdid not lead to the unambiguousassignment

of type I to a specificchromosome. Localizationon chromsome3 was excludedby

these analyses, so the genes fortype I and II IMPDH are notsyntenous. In addition,
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hybridamplificationresultswere notthe same using each of the twotype I IMPDH ,

pdmer sets.These resultscan be interpretedin severalways. First,there may be

multiple,chromosomally-dispersedgenes encodingtype I IMPDH. Alternatively,there

may be one copy of the type I gene but multiple,dispersedpseudogenes. In either

case, chromosomalassignmentof type I IMPDH was not possibleusingthisparticular

approach.

To more preciselysublocalizeIMPDH type II to a regionof chromosome3, we

used PCR and our specifictype II primersto screen a panelof somaticcell hybrids

that retainvariousportionsof chromosome3 (Drabkinet al., 1990). Thispanel allows

for the sublocalizationof a gene to six regionsof the short arm (p) and fiveregionsof

the long arm (q) of chromosome3. PCR amplificationresultsand chromosome

contentof the cell hybridsare shownin Figure1. Particularlyinformativeis the lack of

amplificationin hybrid3;7/UC2E-1 (lane D) and the positiveamplificationin hybrid

3;21/Q131-91A-1 (lane E). These resultsdefinethe end pointsfor the sublocalization

of IMPDH type II to 3p21.2-->p24.2.

This regionis of interestas deletionsand lossof heterozygosityof the short arm

are frequentlydetected in small cell lungcarcinoma(Whang-Peng et al., 1982) and

renal cell carcinoma (Zbar eta/., 1987)leading to the postulatethat oneor more

tumor suppressorgenes may residewithin3p13-->p23. While IMPDH type II is not

itself a tumor suppressor,thisgene may serveas an access pointfor chromosome

walkingor jumpingin an attemptto identifysuppressorgenes involvedinthese

diseases.
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For the purposeof isolatingthe gene for type Uand the surroundinggenomicarea,

primers21_3and 2R2 were used to screena portionof a humanYeast artificial

chromosome (YAC) library(Albertsenet aJ.,1990; generouslyprovidedby Drs. D.

Cohen, D. Le Paslier and colleagues). Two YAC clones,149C12 (117-kb insert)and

239B6 (640-kb insert), were isolatedand shownto containthe fullgene for type II

IMPDH by hybridization(data not shown). NeitherYAC containedthe gene for type I

IMPDH as determined by PCR. YAC clone 149C12 was subjectedto partialdigestion

using restrictionenzymes whose recognitionsite containsthe 5'-CpG-3' dinucleotide

and the resultantdata was assembledinto a physicalmap (Figure2). In orderto

localizeand odent the IMPDH gene with respectto the physicalmap of the region,we

performed doubledigestswith the enzymes shownon the map and performed

Southem hybridizationanalysisUsinga 5' EcoRI cDNA fragmentand a 3' BamHI

cDNA fragment as probes. The gene for IMPDH type II is at most 12.5 kb in length

and is containedentirelybetweenthe Cla I site at +12.5 kb and the Not l site at +25.5

kb of our physicalmap. With respectto the orientationof the YAC arms, the direction

of transcriptionis from rightto left. The isolationof thisgene will allow for the

identificationof regulatoryelementsinvolvedin the guanine nucleotide-mediated

nuclear posttranscriptional regulationof type II IMPDH gene expression (Glesne et aL,

1991) as well as investigationintothe regulationof thisgene duringcellular

proliferation,malignant transformation,and differentiation.

DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States
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bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately owned rights. Refer-
ence herein to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom-
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FIGURE LEGENDS

Figure 1. SublocaUzaUon of type II IMPDH on chromosome 3. PCR was

performedusinghuman, Chinese hamster,and human-Chinesehamsterhybridcell

DNA froma deletion panel forchromosome3 and primers2L3-2R2. The products

were electrophoresedand stainedwithethidiumbromide(left). The substrateDNA

was (A) UCTP 2A3, (B) UCH12, (C) R1-1, (D) 3;7AJC2E-1, (E) 3;21/Q131-91A-1, (F)

R227-3A, (G) R148-3, and (H) genomicChinese hamster,(I) genomic human. The

chromosomalcontent of each hybridis representedgraphicallyby the vertical lines

(center)with respect to the bandingpatternof humanchromosome3 (right). A "+" or

"-"belowthe vertical bar indicateswhetheror nottype II IMPDH was amplifiedfrom

the hybrid.

Figure 2. physical map of YAC clone 149C12. Partialdigestsof YAC clone 149C12

were separatedby TransverseAlternatingField Electrophoresis(conditions:22 h, 350

mA, 5 s switchtimes) and Southernanalysiswas performedindividuallyusing boththe

2.6-kb or 1.6-kb Pvull/BamHI fragmentfrompBR322. These fragmentshybridize

respectivelyto the left and rightarmsof the YAC and producea bandingpatternso as

to identify the distance of each site from the arm. The scale is given (upper right).

Type II IMPDH maps to the region indicated by the dark bar below the physical map
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of the YAC. The directionof transcriptionis indicatedby the arrow.

Table 1. Segregation analysis of type II IMPDH. PCR was performedwith type II

IMPDH primersand a panel of human-Chinesehamstersomaticcell hybridDNAs

(BIOS, New Haven, CT) as substrata. Rowscorrespondto human-Chinesehamster

hybrids. Columnscorrespondto humanchromosomenumbers. A "+" indicatesthe

presenceof the humanchromosomein the hybdd. The finalcolumn showsthe results

of PCR amplificationwith type II IMPDH primers. Fordiscordancyanalysis,a

correlationof the presenceor absenceof IMPDH amplificationand the presenceor

absence of a chromosomewas tabulatedand is shownin the penultimateset of rows

(IMPDWchromosome). Discordancywas calculatedas the sum of (+/-) and (-/+)

dividedby the sample number(n=25).
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Human Chromosome

IMP

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 X Y gene

Hybrid 867 + - - - + ....... + + - - - + + ......

854 - . - - + ....................

423 - - + ..................... +

860 - - + - + + - - - + ........ + - + - - - +

803 - - - + + - - + - - + .......... + + - -

909 .... + + - + ..... + ........ + - -

1006 - - - + + - + + .... + - + - - - + - + ....

811 ....... + ........ + + .......

967 .... + - - + ....... + .........

734 .... + - - - + ........ + .......

968 .... + - - - + - - - + ......... + - -

683 .... + ..... + + - + ..... + - + + - - -

507 - - + - + ...... + - + ..... + - + - + +

750 .... + ....... + + + - - - + ......

1099 + - - - + ....... + ..... + - + + - - -
324 ................. + .......

940 .... + .............. + .....

983 .... + .... + ...............

937 + - - - + ........ + + - + - - - + ....

1079 - - + - + .... + .... + + ........ +

756 .... + + + .... + + + .... + + + - - + -

904 .... + + ..... + - - - + .... + - - + -

862 .... + - - - + ................

1049 .... + .... ' - + ..............

212 .... + .................. + -

Correlation
(IMPDI-I/chromosome)

+/+ 0 0 4 0 3 i 0 0 0 2 0 I 0 1 1 1 0 0 1 1 1 1 0 i

+/- 4 4 0 4 i 3 4 4 4 2 4 3 4 3 3 3 4 4 3 3 3 3 4 3

4+ 3 1 0 2 19 3 2 5 3 1 3 3 6 6 3 2 2 4 6 2 6 3 3 3

-/- 18 20 21 19 2 18 19 16 18 20 18 18 18 16 18 19 19 17 16 19 16 18 18 18

Discordancy (%) 28 20 .0 24 80 24 24 36 28 12 28 24 40 36 24 20 24 32 36 20 36 24 28 24
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