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Summary Chymotrypsinogen is a principal precursor of pancreatic 
proteolytic enzymes. We previously isolated a cDNA clone for human 
prechymotrypsinogen from a human pancreatic cDNA library. In the 
present study, we used this cDNA sequences to isolate genomic DNA 
clones. Three overlapping cosmid clones spanning approximately 65-kb 
genomic sequences were isolated from a human cosmid library. The 
genomic DNA clones were characterized by restriction enzyme mapping 
and by hybridizing them to subfragments of the cDNA. The sequence 
tagged sites for human chymotrypsinogen gene were created by designing 
two oligonucleotides. Furthermore, the isolated genomic clones were con- 
firmed to be localized on chromosome 16q23 by fluorescence in situ hy- 
bridization and G-banding analysis. 
Key Words chymotrypsinogen gene, cosmid cloning, genomic analysis, 
chromosomal localization, sequence tagged site 

INTRODUCTION 

Chymotrypsin [EC 3.4.21.1] is a principal member of protein digestion enzymes. 
Its precursor, chymotrypsinogen, is synthesized in the acinar cells of the pancreas 
and secreted into small intestine. The chymotrypsinogen is activated there through 
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tryptic cleavage and converted into active chymotrypsin(s) that hydrolyzes food 
proteins to peptides. The chymotrypsinogen B gene locus (CTRB) has been as- 
signed to long arm of human chromosome 16 using a partial sequences of rat chymo- 
trypsin B cDNA (pcXP33) as a probe to hybridize the human-rodent cell hybrids 
(Honey et al., 1984), and has been further localized to chromosome 16@2.3-@3.2 
with linkage analysis of haptoglobin (HP), tyrosine aminotransferase (TAT), and 
chymotrypsin B (CTRB) in 13 informative families (Westphal et al., 1987). How- 
ever, the genomic DNA clone for human chymotrypsinogen has not been isolated 
and genomic organization has not been characterized yet. 

We previously isolated a cDNA clone encoding human prechymotrypsinogen 
from a human pancreatic cDNA library (Tomita et al., 1989). In the present study, 
we employed the human prechymotrypsinogen cDNA to isolate genomic DNA 
clones from a human cosmid library. The candidate clones were further char- 
acterized by restriction enzyme mapping and hybridizing them to subfragments of 
the cDNA. Finally, the genomic DNA clones were confirmed to be localized on 
the human chromosome 16q23 by fluorescence in situ hybridization. 

MATERIALS AND METHODS 

Isolation o f  genomic clones for  human chymotrypsinogen gene. A cosmid library 
was constructed from genomic DNA of HLA-homozygous, B-lymphoblastoid cell 
line AKIBA, which was partially digested with Sau3A and then ligated to BamHI-  
digested cosmid vector pJB8 (Kawai et al., 1989). Approximately 3 x 105 clones 
from this library were transferred to nylon membranes. The human prechymo- 
trypsinogen cDNA containing the entire protein-coding sequences (Tomita et al., 
1989) was radiolabeled with [~-32P]dCTP (3,000 Ci/mmol; Amersham Co., Japan) 
by the random primer labeling method (Feinberg and Vogelstein, 1983), and then 
hybridized to the cosmid filters according to standard methods (Maniatis et aI., 
1989). The positive cosmid clones were purified by successive hybridization. The 
eosmid DNAs were extracted from purified candidate clones and then characterized 
by restriction enzyme mapping. 

Extraction o f  D N A  and Southern blot analysis. A human-mouse hybrid A9- 
(3884)-1 [containing a human chromosome der(16),t(16;X)(q24;q26) as the only 
human chromosome, established by Dr. M. Oshimura, Tottori University] was 
provided from the Japanese Cancer Research Resources Bank (Tokyo). DNAs 
from human CGM-1, mouse A9 cells, and a human-mouse hybrid A9(3384)-1 were 
extracted as described previously (Maniatis et al., 1989). High-molecular-weight 
DNAs were digested with 5 units of one of several restriction enzymes per micro- 
gram of DNA, as recommended by the manufacturer. Aliquots of 13 [zg of each 
digested DNA were fractionated by electrophoresis in a 0.8 % agarose gel and trans- 
ferred to nylon membrane. The baked membrane was hybridized with 32P-labeled 
cDNA probe. 
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Restriction enzyme mapping. A restriction enzyme map was constructed on 
the basis of three overlapping cosmid clones, and these clones were digested with 
restriction enzyme EcoRI and BamHI. To determine the overlapping relation- 
ship among restriction fragments, the EcoRI-digested fragments were recovered 
with Geneclean II (Bio 101, Inc.) and then digested with BamHI. The exon-con- 
taining fragments were detected by hybridizing them to the cDNA probe. The 
vector fragments in the clones were detected by hybridizing them to cosmid vector 
pJB8 digested with BamHI. 

Fluorescence in situ hybridization. The cosmid DNA from candidate clones 
was labeled with biotin-14-dATP (BRL) by nick-translation, as described previ- 
ously (Lichter et al., 1990). The labeled DNA was denatured at 75~ for 5 rain, 
and preannealed with human Cot-1 DNA (BRL) at 37~ for 30 min. Chromosomal 
metaphase spreads were prepared by standard methods from cultures of phyto- 
hemagglutinin-stimulated normal human male lymphocytes that had previously 
been synchronized by treatment of 5-bromodeoxyuridine (5-BrdU, Sigma), essen- 
tially as described by Zabel et al. (1983). The chromosomal DNA on slide was 
denatured and hybridized with preannealed probe at 37~ for overnight. The 
slide was then incubated with goat-antibiotin (Vector Lab. Inc.), washed in 4 x 
SSC, 0.05 ~ Tween 20, and incubated again with second and third antibodies (anti- 
goat-IgG and anti-rabbit-IgG, Organon Teknika Co.) conjugated with fluorescent 
isothiocyanate (FITC). Finally, the slide was stained with propidium iodide and 
examined under a Nikon Optiphot microscope equipped with epifluorescence optics 
(UFX-IIA). Photographs were taken on Kodak Ektachrome 400 film. The G- 
banding was carried out by the Hoechst 33258-UV-Giemsa method (Zabel et al., 
1983) and photographs were taken in bright field with Minicopy HRII film (Fuji 
Film Co.). 

Primer synthesis and PCR analysis. The oligonucleotides were synthesized with 
an Applied Biosystems 380B DNA synthesizer and subsequently purified by 
OPC columns. The PCR reactions were performed on a GeneAmp PCR System 
9600 (Perkin-Elmer-Cetus, North Haven, CT), and the PCR reaction mixture con- 
tained 10 mM Tris-HC1 (pH 8.3), 50 mM KC1, 1.5 mM MgC12, 0.01 ~ gelatin, 200 
~M each dNTP, 100 ng each primer, and 2.5 U of Taq polymerase (Perkin-Elmer, 
Norwalk, CT) in a volume of 50 ~zl. DNA was initially denatured at 94~ for 2 
min, and then 35 cycles of PCR were performed, each cycle consisting of a 20-s 
denaturation at 94~ a 20-s annealing at 67~ and 30-s extension at 72~ Final 
extension was carried out at 72~ for 5 min. The amplified products were 
analyzed by electrophoresis in a 3 ~ agarose gel. 

RESULTS 

Isolation and identification of human chymotrypsinogen gene 
The genomic clones for the human chymotrypsinogen gene were isolated from 
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a h u m a n  c o s m i d  l ib rary ,  us ing the  h u m a n  p r e c h y m o t r y p s i n o g e n  c D N A  as a p robe .  

O u t  o f  3 x 10 .5 c o s m i d  c lones ,  22 c lones  gave  pos i t ive  h y b r i d i z a t i o n  signals.  T o  

d e t e r m i n e  w h e t h e r  the  c o s m i d  c lones  c o n t a i n  the  en t i re  c h y m o t r y p s i n o g e n  gene,  
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Fig. 1. (A) Southern blot analysis of DNAs from human CGM-1 (two lanes in left) and 
three cosmid clones (cChy2, cChyl6, cChy20) isolated from the human cosmid 
library. The DNAs were digested with EcoRI (E), EcoRI/BamHI (E/B) and 
BamHI (B), and separated by electrophoresis in a 0.8 % agarose gel. The DNA 
fragments were hybridized with the human prechymotrypsinogen cDNA probe. 
The positions of DNA size markers (HindIII-digested 2DNA) are indicated on the 
!eft. (]3) Restriction enzyme map and overlapping positions of the three cosmid 
clones. Exon-containing fragments in the map are represented by solid lines; 
a, EcoRI fragment; b, BamHI fragment. The sequences covered by these cosmid 
inserts are indicated with kb at bottom. 
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the three cosmid DNAs and total human DNA (CGM-1) were digested with EcoRI 
and BamHI, separated in a 0.8 ~ agarose gel and hybridized with the cDNA probe 
(Fig. 1A). The cosmid clone, cChy2, revealed all of fragments identical in size 
to those visible in total human DNA (lanes 1 and 2); the clones, cChyl6 and cChy20, 
revealed a part of these fragments. A restriction enzyme map for human chymo- 
trypsinogen gene was constructed on the basis of the three overlapping cosmid clones, 
and the sequences covered by these cosmid inserts stretched nearly 65 kb (Fig. 1B). 
These data indicate that human chymotrypsinogen gene was isolated completely 

with these cosmid clones. 

Localization of the gene sequences within the genomic clone 

As a means of localizing the gene sequences within the genomic clone, the 
exon-containing EcoRI fragments of 10-kb and 14-kb in cosmid clone cChy2 (Fig. 
IA) were recovered and then digested with PstI. The DNA fragments were sub- 
jected to Southern blot analysis using the entire cDNA as a probe. As shown in 
Fig. 2A, four exon-containing EcoRI-PstI fragments were detected within the 10-kb 
EcoRI fragment (lane 2) while only two fragments of them were detected within 
the 14-kb EcoRI fragment (lane 1). To localize the cDNA sequences into the 
genomic DNA fragments, the cDNA was digested with PstI and Bali, and its sub- 
fragments were used as probes. The probe 1 was a 169-bp EcoRI-Pstl fragment 
of the cDNA which encompassed 16 bp of the 5'-untranslated region and the coding 
sequence for the first 51 amino acids of the human chymotrypsinogen. Probe 2 
was a 226-bp PstI-BalI fragment encoding amino acids 52 to 127. Probe 3 was 
a 330-bp Psti-EcoRI fragment containing the coding sequence for amino acids 173 
to 263 and 61 bp of the 3'-untranslated region. Results from the Southern blot 
analysis, using these probes, are shown in Fig. 2B. Regarding the 10-kb EcoRI 
fragment, the probe 1 and 2 detected a 1.3-kb (lane 1) and a 1.2-kb (lane 2) EcoRI- 
PstI fragment, respectively. The probe 3 detected two EcoRI-PstI fragments of 
0.7-kb and 0.5-kb (lane 3). Regarding the 14-kb EcoRI fragment, only the 
probe 3 detected two EcoRI-PstI fragments (0.7-kb and 0.5-kb) (lane 4). These 
results can be summarized in Fig. 2C, the correspondence of the cDNA subfrag- 
ments to genomic DNA indicates that the entire coding region of the chymotryp- 
sinogen gene was encompassed within the 10-kb EcoRI fragment of the genomic 
clone. The additional 14-kb EcoRI fragment is at the downstream of this gene 
and shows homology to this gene. We also noted that the 1.2-kb EcoRI-PstI 
fragment gave a signal that was more intense than other fragments. There 
would not be more than a single fragment comigrating in this band since it showed 
a clear single band in agarose gel with ethidium bromide staining (data not shown). 
It is possible that the 1.2-kb EcoRI-PstI fragment contained most of the cDNA 
sequences while other fragments (1.3-kb, 0.7-kb, and 0.5-kb)contained the rest, 
therefore, they showed different intensity of signals under our highly stringent 
hybridization and washing conditions. 
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Localization of the gene sequences within the genomic clone. (A) Southern blot 
analysis of exon-containing EcoRI fragments of 10-kb (lane 2) and 14-kb (lane 
I). The EcoRI-digested cosmid D N A  from cChy2 was fractionated by electro- 
phoresis in a 1 ~ agarose gel. Of which, 10-kb and 14-kb EcoRI fragments were 
recovered and secondly digested with PstI.  The EcoRI-PstI  DNA fragments 
were separated by electrophoresis in a 1.3 ~ agarose gel and then hybridized with 
the entire cDNA probe. (B) Determination of corresponding fragments be- 
tween the cDNA and genomic DNA. The EcoRI-PstI  D N A  fragments from 
t0-kb (lanes 1-3 and 5) and 14-kb (lane 4) were hybridized with the cDNA sub- 
fragments (Probe 1-3) and the entire cDNA (Probe 0) as a control (lane 5). (C) 
Schematic representation of the correspondence between the cDNA subfragments 
and genomic DNA. The amino acid coding region is represented by solid bar. 
The numbers on the cDNA start from the first base of the initiation codon. The 
genomic clone was isolated from a human cosmid library in pJB8 cosmid 
vector, and the size of exon-containing EcoRI-PstI  fragments are indicated below 
the solid bar (kb). The dotted lines in the genomic DNA represent that the 
distances between exon and intron fragments were not determined. 

kb 

PCR analysis of human chymotrypsinogen gene 
To produce the sequence tagged site for human chymotrypsinogen gene, we 

used its cDNA sequences to design the oligonucleotides that can specifically amplify 
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the putative exon-containing region of the chymotrypsinogen gene, guided in part 
by the exon-intron structure of the rat chymotrypsin B gene (Bell et al., 1984). 
Different primer sets were tested with human and rodent genomic DNA templates, 
and a primer set that amplified a single human-specific band was selected. As 
shown in Fig. 3, these two unique primers (sense primer: 5 ' -CTGGTCTGCCAA- 
AAGGATGGAGCC-3 ' ,  and antisense primer: 5 ' -GTTGGCAGCCAGGATCTTC-  
TGCAC-3') designed from the 3'-end of the coding region in the cDNA and flanking 
the active-site Ser-195, gave an expected 140-bp band in total human DNA (lane 
1), the cDNA (lane 2) and the genomic cosmid DNA (lane 3) while no amplified 
fragment was detected in mouse (lane 4), hamster (Jane 5), and vector DNAs (lanes 
6 and 7). 

Confirmation of  human chymotrypsinogen gene on 16q23 
To confirm the chromosomal region of the genomic DNA clone isolated by us, 

we performed fluorescence in situ hybridization and G-banding analysis. The DNA 
from three overlapping cosmids was labeled with biotin-14-dATP and hybridized 
to metaphase spreads of chromosome. Simultaneously, a biotinylated s-satellite 
DNA that is specific to D16Z2 region of chromosome 16 was added as a marker 
for distinguishing chromosome 16. Figure 4A displays the two pairs of yellow 
fluorescent signals to the cosmid probe on both sister chromatids (large arrows). 
Comparison between fluorescent signals and the G-banding pattern of the chro- 
mosome indicated that signals were consistently localized on the long arm of chro- 
mosome 16, 16q23 (Fig. 4, B and C). This result was confirmed by analysis of 
16 cells (data not shown). The fluorescent signals were observed on both chromatids 
of chromosome 16 in all of 16 cells. No other chromosome region showed signals on 

Fig. 3. The PCR analysis of DNAs from human CGM-1 (lane 1), the cDNA (lane 2), 
the genomic clone (lane 3), mouse (lane 4), hamster (lane 5), plasmid vector puc- 
18 (lane 6), cosmid vector pJB8 (lane 7), and no DNA as a blank (lane 8) with 
the designed two oligonucleotides (see MATERIALS AND METHODS). The PCR 
product was analyzed by electrophoresis in a 3 ~ agarose gel. The expected PCR 
product is indicated on the left. The molecular weight standard (M) is ~X174 
DNA digested with HaeIII. 
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Fig. 4. Chromosomal mapping of human chymotrypsinogen gene by fluorescence in s i tu  

hybridization and G-banding analysis. (A) The metaphase spreads after hy- 
bridization with the biotinylated cosmid D N A  and a a-satellite DNA that is 
specific to centromere of chromosome 16 for distinguishing chromosome 16, 
and detection with FITC. The large arrows indicate the cosmid D N A  signals, 
and the small arrows indicate the a-satellite D N A  signals. (B) Examples of 
two chromosome 16 from two different metaphase spreads. G-banding after 
fluorescence detection indicates that signals were consistently localized to the 
band 16q23. ((2) A G-banded idiogram of human chromosome 16 depicting 
the localization of human chymotrypsinogen gene to 16q23 (the bar beside the 

idiogram). 
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Fig 5. Hybridization of human prechymotrypsinogen cDNA probe to human (lane 1), 
hybrid A9(3884)-1 (lane 2), and mouse A9 DNAs (lane 3) which were digested 
with EcoRI and separated by electrophoresis in a 0.8 ~ agarose gel. Each lane 
contained 13/~g DNA. The positions of the hybridization bands are indicated on 
the left. 

both chromatids. Additionally, a Southern blot analysis of hybrid A9(3884)-1, 
which contains a human chromosome der(16),t(16;X)(q24,q26) as the only human 
chromosome, also confirmed that the human chymotrypsinogen gene was located 
on chromosome 16 (Fig. 5). From these data, we conclude that the isolated gen- 
omic DNA encompassing human chymotrypsinogen gene is located on chromo- 
some 16@3. 

DISCUSSION 

We have isolated the genomic DNA clones that encompassed human chymo- 
trypsinogen gene, using human prechymotrypsinogen cDNA as a probe. The 
evidence come from that (i) the isolated genomic DNA clones revealed all of frag- 
ments identical in size to those obtained by hybridizing the cDNA probe to total 
human genomic DNA, and (ii) the restriction map showed excellent correspondence 
between genomic DNA and the cDNA subfragments. Furthermore, we have de- 
signed two oligonucleotides that can specifically detect human chymotrypsinogen 
gene by PCR. The primers will be useful as a sequence tagged site for further 
analysis of the human chymotrypsinogen gene. 

Although the chymotrypsinogen B gene locus (CTRB) has been localized in 
chromosome 16q22.3-q23.2 using rat cDNA as a probe and with linkage analysis 
(Honey et al., 1984; Westphal et al., 1987), the human genome may carries more 
than one genes for chymotrypsinogens since two different forms of chymotrypsinogen 
have been reported to be present in human pancreas (Caro et al., 1975). To confirm 
the chromosomal region of the genomic DNA clones isolated by us, we performed 
fluorescence in situ hybridization and G-banding analysis. The isolated genomic 
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clones were mapped into the chromosomal region within CTRB gene locus that 
was localized by linkage analysis (Westphal et al., 1987). We have furthermore 
compared the sequence homology between human prechymotrypsinogen cDNA 
and rat chymotrypsin B cDNA, and found that they showed 83.6 ~ homology (data 
not shown). These results suggest that the genomic DNA isolated by us is, in 
fact, a genomic gene for CTRB. The isolated genomic DNA will be useful to 
analyze the genomic structure of CTRB gene in the future. 

The correspondence between the genomic DNA and the cDNA subfragments 
indicates that the entire coding region of human chymotrypsinogen gene was en- 
compassed within the 10-kb EcoRI fragment of the genomic clone. Simultaneously, 
additional two EcoRI-PstI fragments (0.5-kb and 0.7-kb) were generated from 
the 14-kb EcoRI fragment which is located at least 15 kb apart at the 3'-side of the 
10-kb fragment (Fig. 2). It is unknown whether the 14-kb EcoRI fragment repre- 
sents another chymotrypsinogen gene or other related gene that shows partial se- 
quence homology to the chymotrypsinogen gene. In the future study, we intend 
to determine their sequences to demonstrate their relationships. 
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