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Summary The human liver bilirubin UDP-glucuronosyl transferase 
(bilirubin UDPGT) [EC 2.4.1.17] is responsible for the enzyme deficiency 
in Crigler-Najjar syndrome and/or Gilbert's syndrome. The UDPGT, 
former shows severe jaundice resulted from a complete absence of bilirubin 
while the latter has a mild manifestation due to a reduction of the 
enzyme activity. The gene locus of bilirubin UDPGT was mapped 
to chromosome 1 by spot-blot hybridization using a cell-sorter, and its 
regional locus was assigned to lq21-q23 by high resolution in situ hybrid- 
ization. 
Key Words spot-blot hybridization, in situ hybridization, UDP-glu- 
curonosyl transferase, cell-sorter, gene mapping 

INTRODUCTION 

Recently the specific chromosome regions of many human genes and hereditary 
diseases have been determined and the results of such gene mapping are rapidly 
being accumulated at the every Workshop on Human Gene Mapping. Deficiency 
of bilirubin UDPGT causes Crigler-Najjar syndrome and/or Gilbert's syndrome. 
As for Crigler-Najjar syndrome-type 1, it is a complete deficiency of bilirubin UD- 
PGT and shows an autosomal recessive trait. In this disorder, glucuronization 
in the liver is not achieved, and thus bilirubin is not conjugated, which results in 
severe jaundice and neonatal intoxication. Infant thus affected die in the neonatal 
period due to kernikterus. In Crigler-Najjar syndrome-type 2, which may be the 
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same as Gilbert's syndrome, is characterized by a mild manifestation of jaundice 
and is thought an autosomal trait inheritance (Black and Billing, 1969). 

In 1987, Jackson et al. cloned the cDNA (HLUG 25) of bilirubin UDPGT gene 
and sequenced the full length of its cDNA. Using a 5' EcoRI fragment of this 
cDNA, its locus was determined to be on chromosome l using sorted chromosomes, 
and more specifically to be in the lq21-q23 region by high resolution in situ hybrid- 
ization. 

MATERIALS AND METHODS 

1) DNA probe. A cDNA clone (HLUG 25) encoding the complete sequence 
bilirubin UDPGTwas isolated from a 2gtl 1 human liver cDNA library (Jackson of a 
et al., 1987). ~fhe sequence of HLUG 25 cDNA was determined to be 2,104 base- 
pair long, including a poly(A) tail a long open reading frame. We used a 1.2 kb 
EcoRI fragment of HLUG 25 as a probe for gene mapping. 

2) Chromosome sorting and spot blot hybridization. Preparation of metaphase 
chromosome suspension was according to Lebo et al. (1985) and Minoshima et al. 
(1990) with several modifications. The spontaneously transformed human B- 
]ymphoblastoid cell lines GM00130B (46, XY) was obtained from the NIGMS 
Human Genetic Mutant Cell Repository (Camden, N J). Metaphase chromosomes 
stained with Hoechst 33258 were excited with 319 nm light (200roW) with an 
argon ion laser. Chromosomes were analyzed and sorted uing a fluorescence-acti- 
vated FACS440 cell sorter (Becton-Dickinson). Eighty thousand of each type were 
sorted directly onto nitrocellulose membrane filter disks (13 mm diameter, Schleicher 
& Schuell). The chromosomal DNA was denatured and baked at 80~ for 2 hr 
in a vacuum. The filters were prehybridized for 12 hr at 42~ and then hybridized 
with 32P-labeled probe for 24 hr at 42~ After hybridization, the filters were 
washed, and autoradiographed with an intensifier screen on Fuji RX X-ray film 
at -70~ for 12-24 hr. 

3) High resolution in situ hybridization. Chromosome sample was prepared 
according to the method of Dutrillaux and Vigas-Pequignot (1981). Heparin- 
treated peripheral blood (6 ml) was cultured in medium which contained 40 ml of 
RPMI 1640, 20~ FCS, 100 units/ml penicillin G sodium, and 100/~g/ml strepto- 
mycin, with stimulation by 1.5 ml of phytohemagglutinin solution (GIBCO)in a 
CO2 incubator for 72 hr at 37~ Two hundred micrograms of BrdU solution 
per ml of medium was added, and after 16hr the cells were washed twice with RPMI 
1640 and incubated in fresh medium containing 10pM thymidine. In situ hybrid- 
ization was performed following the methods described by Harper and Sanders 
(1981), and Zabel e ta l .  (1983). The chromosomes on the slides were denatured 
and air dried. The chromosomal DNA Was hybridization with ~H-labeled probe. 
The slides were autoradiographed, and stained by a variation of the method of 
Wolff and Polly (1974). 
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RESULTS 

1) Chromosome sorting and spot blot hybridization 
Spot-blot hybridization of flow sorted chromosomes was carried out to deter- 

mine the chromosomal localization of the HLUG 25 cDNA gene. GM00130B 
cell chromosomes stained with Hoechst 33258 were separated into 17 fractions, 
consisting of one to four types of chromosomes in such fractions (Fig. 1). Eighty 
thousand chromosomes of each type were sorted and hybridized with a ~2P-labeled 
HLUG 25 cDNA probe. As shown in Fig. 2, only fraction Ab, containing chromo- 
some 1, revealed a significant signal. These results indicate that the bilirubin 
UDPGT gene maps to chromosome 1. 

2) In situ hybridization 
Silver grains of autoradiography for a mapping were counted if the grains 

were on chromosome or touching a chromatid. At total of 731 grains on chromo- 
somes of 396 cells were analyzed (Figs. 3 and 4). The chromosomal lq21-q23 
region had 38 grains (5.2 % of the total number of grains, 30.6 % of the grains on 
chromosome 1). Figure 4 shows the grain distribution over chromosome 1. There 
is a significant accumulation of grains in the lq21-q23 region, especially on lq22. 
This was consistent with the results of mapping by spot-blot hybridization. 

Fig. 1. 
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A flow karyotype of human lymphoblastoid cell line GM00130]3 (46, XY). Chro- 
mosomes were prepared by the polyamin/digitoni n method, stained with Hoechst 
33258, and analyzed by a FACS440 cell sorter. 
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Fig. 2. Chromosomal assignment of the bilirubin UDPGT gene by spot-blot hybridization. Eighty 
thousand chromosomes of each type in each group shown in Fig. 1 were directly sorted onto 
nitrocellulose filter disks. Hybridization was carried out with the H L U G  25 cDNA probe. ~ ~ 2O 

E 

0 I L...j,...jbddJ..., ..i I , .L.~JJ.L, i , .L,~. l ,~-- . ld_. . .  ' J  

Chromosomes 

E 
3~ L 20 

10 

Vlp ' .q lp l  q Ipl q lq[ q lP I q IP q ~Pi qlpl q rp/qlPlq/P]q'P!q/plq;Pi'qiPq! 
I10 11 12 13 14 15 16 17 18 19 20 21 22 X Y 

Fig. 3. 

C h r o m o s o m e s  
Histogram of all chromosomes. Silver grains are counted on each chromosome 
and their bands. The long arm of chromosome 1 had the highest peak. 
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Fig. 4. 
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Ideogram of chromosome 1. lq21-q23, especially the lq22 region has the great- 
est number of silver grains. 

DISCUSSION 

Hepatic bilirubin UDPGT is responsible for the enzyme deficiency of Crigler- 
Najjar syndrome and/or Gilbert's syndrome. Its gene locus was assigned here in 
the lq21-q23 region by spot-blot hybridization of sorted chromosomes and by in 
situ hybridization. 

UDPGT has several isoenzymes paralleling differences of substrates. The 
hepatic phenol UDP-glucuronosyl transferase (GNT 1) gene was assigned to chro- 
mosome 2 by somatic cell hybridization (Harding et  al., 1990), but the specific region 
of GNT 1 determined. Isoenzyme gene loci are not always in the same region of 
chromosomes. UDP-glucose pyrophosphorylase 1 (UGP 1) and more than 27 
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genes have been assigned ( H G M 1 0 ,  1989) to the lq21-q23 region. U G P  2 is an 

isoenzyme of  U G P  l ,  and  had  been assigned to c h romosome  2 (Shows et  al., 1978), 

as in the cases of  bi l i rubin  U D P G T  and  G N T  1 have in repor ted .  These same 

d is t r ibut ion  of  loci for  isozymes may  reflect ch romosoma l  evolut ion  and  gene du- 

pl icat ion.  As for  ch romosome  delet ion of  1@1-@3,  no pat ient  with persis tent  

j aundice  caused by a decrease in bi l i rubin U D P G T  enzyme activi ty have been re- 

por ted .  
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