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SUMMARY. Two specific clones for human aldolase B were isolated from a 
humanriver cDNA library using a rat aldolase B cDNA probe. The clones were 
identified by positive hybridization-selection and one of them was sequen- 
ced. The 127 C-terminal residues of the human protein were deduced from this 
nucleotide sequence analysis. They showed 92 % homology with the correspon- 
ding previously published amino-acid sequence of rat liver aldolase B. 

The enzyme aldolase (EC 4.1.2.13) exists as three genetically distinct 

isozymes (1) : muscle-type (aldolase A), liver type (aldolase B) and brain- 

type (aldolase C). Aldolase B is the only isozyme able to metabolize fructose; 

its deficiency is responsible for an inborn error of metabolism, Hereditary 

Fructose Intolerance (2-4). 

In young fetuses, the liver mainly synthesizes both aldolases A and 

C, development being associated with a progressive disappearance of these 

isozymes correlated with a parallel increase of aldolase B (5). 

Hepatocarcinogenesis is associated with the repression of aldolase B 

synthesis and with the reappearance of the "fetal isozymes" (5-7). It ap- 

pears therefore that aldolase B is a strong marker of hepatocytic differen- 

tiation, whose expression is modified in cancer, and which is also involved 

in a non exceptional metabolic disease. The availability of a specific DNA 

probe is essential for studying the mechanisms of Fructose Intolerance at the 

gene level and for analyzing the modifications of aldolase B synthesis du- 

ring cancer and development. In a preceding work (8) we described the iden- 
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tification of rat aldolase 6 cDNA clones. The rat aldolase El cDNA insert was 

used as a probe for isolating specific clones from a human liver cDNA libra- 

ry. In this paper we report the partial sequence analysis of human aldolase 

B cDNA as compared to the sequence of rat aldolase B cDNA recently published 

by Tsutsumi et al (9). Tn addition, the human probe is used for characteri- 

zing aldolase B mRNA and specific genomic DNA fragments. 

MATERIALS AND METHODS 

Tissue sampling, RNA purification, cell free synthesis and detection 
of neosynthesized aldolase B by immunoaffinity microchromatography (lo-12), 
positive hybridization-selection (8), construction of the human liver ds cDNA 
library (13), Northern and Southern blot analyses (13) have been described 
in previous papers. 

The human ds cDNA library was transferred to Whatman 540 filters 
(Masiakowsky, P., personal communication) and hybridized with purified, nick 
translated rat aldolase B cDNA insert. The recombinant plasmid A-4C9 was am- 
plified and purified (14-16), then cut by Pstl restriction enzyme. After 
electrophoresis in 1.5 % (w/v) agarose gel, the insert was transferred to 
NA-45 filter (DEAE-membrane Schleicher and Schuell) by electroblotting (17- 
18). The NA-45 membrane strip was stained with ethidium bromide and the in- 
sert band was cut out, washed and eluted (19-20). The eluate was diluted 10 
times to adjust NaCl concentration to 0.1 M and DNA was preci itated by 10 mM 
spermine hydrochloride (21) and nick;translated (about 2 X 10 E cpm/ug DNA). 
The Whatman 540 filters carrying the human cDNA clones were hybridized as 
described (8) for 18 h in the presence of 10,000 cpm per ml of labeled probe. 
In order to reduce the non specific hybridization, 200 rig/ml of sonicated, 
boiled total nucleic acids from E. Coli transformed by non recombinant pBR- 
322 were also added to the hybridization mixture. 

The nucleotide sequences were determined according to the chemical me- 
thod of Maxam and Gilbert(22). 

RESULTS 

Isolation and identification of human aldolase B cDNA clones. Only 

4 human ds cDNA clones out of the 7200 tested were found to hybridize with 

the rat probe (Fig. 1). These clones were amplified and the plasmids were 

purified and analyzed by positive hybridization-selection (Fig. 2). The plas- 

mids derived from the 70HlO and 14F4 human clones both hybridized with a mes- 

senger RNA encoding human aldolase B. Restriction maps of the inserts are 

shown in fig. 3. The existence of two close BstN I and Taq I restriction 

sites on 60th inserts allows one to determine the relative position of these 

inserts. About 890 bases of the human aldolase 6 mRNA sequence were covered 

by the overlapping 70HlO and 14F4 clones. The other clones did not hybridize 

with any translatable mRNA probably because of their small size (less than 
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Figure 1 : Screening of the human cDNA lihrary with rat aldolase B labeled 
=A: control hybridization : the filter containing the two clones of 
rat aldolase B was hybridized in the same mixture than those from the human 
library. The two rat aldolase K cDNA clones were specifically detected ; B, C 
and D : detection of human aldolase K cDNA clones, respectively 66F1, 70HlO 
and 14F4. 
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Figure 2 : Positive hybridization-selection analysis. Plasmid DNA was bound 
to nitrocellulose filters then hybridized with poly A-containing human liver 
mRNA as indicated in "Materials and Methods". Eluted mRNA was translated in 
25 pl of a reticulocyte cell free system, 5 ~1 of the translation mixture 
being dissociated and analyzed by SDS polyacrylamide gel electrophoresis (A) ; 
translation mixture showing specific pattern was then passef4through a micro- 
column containing antihuman aldolase B antibodies (B). 1 : C labeled human 
aldolase B ; 2 to 7 : translation products obtained under direction of RNA 
eluted from filters bound to plasmid 70HlO (Z), plasmid 14F4 (3), plasmid 
66Fl (5), plasmid 7A6 (6), non recombinant PBR 322 (7) ; 8 : translation 
blank, without addition of exogenous RNA. 
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Figure 3 : Restriction endonuclease maps of human aldolase B cDNA inserts 
(70H10nd 14F4). The maps were oriented from 3' to 5' end relative to aldo- 
lase B mRNA (from left to right). BstN I and Taq I restriction sites allow 
their relative positioning. 

200 bp ; not shown) as compared to the 7OHlO and the 14F4 clones (571 and 

600 bp respectively). 

Northern blot analysis of human and rat aldolase B mRNA with the 

human 24~4 and 70~10 probes. Fig. 4 shows that the human 14F4 and 70HlO probes 

both hybridized with a single mRNA species, whose length approximated 1.8 kb. 

The amount of aldolase B mRNA in adult human liver far exceeded that of a 

four-month-old fetus liver. No aldolase B mRNA was detected in human adult 

skeletal muscle. The human probes cross-hybridized with rat aldolase B mes- 

senger RNA, whose size was identical to that of its human counterpart. Cross- 

hybridization was higher with the 7OHlO than with the 14F4 probe. It sugges- 

ted that the former insert contained a longer coding sequence than the lat- 

ter, since the coding sequences are more conserved during evolution than the 

3' non coding sequences (23). Therefore, the nucleotide sequence of the 70HlO 

insert rather than that of the 14F4 probe was determined. 

Nucleotide sequence of the ?OHlO insert. Fig. 5 shows the nucleotide 

sequence and the deduced amino-acid sequence of the 70HlO insert. The nucleo- 

tide fragment encodes the last 127 amino-acid residues of the enzyme and con- 

tains a 187 bp stretch after the translation termination codon UAG at the 

3' end. The deduced protein sequence agrees well with the known sequence of 
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P-J . Size determination of human aldolase 6 mRNA. 2 vg of poly(A)+ RNA 
rom various tissues of man and rat were subjected to agarose-formaldehyde 

gel electrophoresis. The RNA was transferred to the nitrocellulose filters 
and the RNA bands were detected by autoradiography'after hybridization with 
32P-labeled human aldolase B cONAs (70H10 and 14F4 respectively). The RNA 
samples were prepared from : 1 :adult human liver ; 2 : fetal human liver 
(4 months) ; 3 : 
carbohydrate fed, 

skeletal human muscle ; 4 and 5 : rat liver (fasted and 
respectively). 

the C-terminal dodecapeptide of rabbit aldolase B (24), except for the 4th 

codon, preceding the UAG stop signal,which corresponds to a cysteine in man 

and to a serine in rabbit. The 7OHlO cDNA clone encodes the last 5 residues 

of the active site, which are identical to that of other active sites in dif- 

ferent species (25,26). 

The 3' non coding extension of the insert does not reach the poly A 

tail. Nevertheless, a putative polyadenylation signal (AATAAA) is found 37 

bases upstream the 3' end of the fragment. 

Southern bZot analysis. One single restriction fragment was detec- 

ted with both 70HlO and 14F4 probes using Pst I, EcoR I, BamH I and Bgl I 

restriction enzymes. The length of the restriction fragments ranged from 5.4 

kbp for Bgl I to 13.8 kbp for BamH I. Pvu II gives 3 fragments with both 
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His Ala Cys Thr Lys Lys Tyr Thr Pro Glu Gln Val Asp Met Ala Thr Val Thr Ala Leu 
CAT GCC TGC ACC AAG AAG TAT ACT CCA GAA CAA GTA GAT ATG GCC ACC GTA ACA GCT CTC . . . . . . . . 

60 

His Arg Thr Val Pro Ala Ala Val Pro z Ile Cys Phe Leu Ser Gly Gly Met Ser Glu 
CAC CGT ACT GTT CCT GCA GCT GTT CCT GGC ATC TGC TTT TTG TCT GGT GGC ATG AGT GAA 

. . . . . . 
120 

-- 
Glu Asp Ala Thr Leu Asn Leu Ash Ala Ile Asn Leu Cys Pro Leu Pro G Pro Trp Lys 
GAG GAT GCC ACT CTC AAC CTC AAT GCT ATC AAC CTT TGC CCT CTA CCA AAG CCC TGG AAA 

. . . . . . . 
180 

Leu Ser Phe Ser Tyr Gly Arg Ala Leu Gln Ala Ser Ala Leu Ala Ala Trp Gly Gly Lys 
CTA AGT TTC TCT TAT GGA CGG GCC CTG CAG GCC AGT GCA CTG GCT GCC TGG GGT GGC AAG 

. . . . . . . . . . 
240 

Ala Ala Asn Lys K Ala Thr Gln Glu Ala Phe Met Lys Arg Ala= Ala Asn Cys Gln 
GCT GCA AAC AAG GAG GCA ACC CAG GAG GCT TTT ATG AAG CGG GCC ATG GCT AAC TGC CAG 

. . . . . . 
* 300 

Ala Ala GGly Gln Tyr Val His Thr Gly Ser Ser Gly Ala Ala Ser Thr Gln Ser Leu 
GCG GCC AAA GGA CAG TAT GTT CAC ACG GGT TCT TCT GGG GCT GCT TCC ACC CAG TCG CTC 

. . . . . . . . 
- 360 

Phe Thr Ala GTyr Thr Tyr xxx 
TTC ACA GCC TGC TAT ACC TAC TAG GGTCCAATGCCCGCCAGCCTAGCTCCAGTGCTTCTAGTAGGAGGG 

. 
429 

CTGAAAGGGAGCAACTTTTCCTCCAATCCTGGAAATTCGACACAATTAGATTTGAACTGCTGGAAATACAACACATGT 

507 

TAAATCTTAAGTACAAGGGGGAAAAAATAAATCAGTTATTGAAACATAAAAATGAATACCAAGG 

571 

Figure 5 : Partial nucleotide sequence of human aldolase 6 mRNA and the 
corresponding amino-acid sequence. The sequence was determined from cDNA 
insert of 70HlO. The hexanucleotide AATAAA is underlined. Dots under the nu- 
cleotide sequence indicate the different nucleotides between man and rat. 
Lines on the amino-acid sequence indicate the amino-acids differing from 
those of rat aldolase El. 

probes, 2 of them (2.7 and 2.4 kbp-long respectively) being common and one 

specific for each probe (2.1 kbp for 70HlO and 5.25 kbp for 14F4). The 70HlO 

probe allowed to detect three Kg1 II fragments (15, 5.2 and 3.1 kbp), only 

the last two hybridizing with 14F4, and two Hind III fragments (2.6 and 1.9 

kbp), the 2.6 kbp fragment being the only one to hybridize with 14F4 (Fig. 6). 

The same type of pattern was found with leukocyte DNA derived from 

three unrelated healthy volonteers (not shown). 

DISCUSSION 

When we started studying the human aldolase K gene organization, we 

considered two alternative strategies : either screening the human cDNA li- 

brary directly with a human probe (namely, an enriched ss cDNA probe prepa- 

red from partially purified human aldolase K mRNA), or cloning rat aldolase 

K cDNA first so as to use it as a probe for screening the human library. 
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i-Al%&nserts Southern blot analysis of human leukocyte DNA with the 70HlO 
respectively, as probes. 10 pg DNA were digested to com- 

pletion with the'various restriction enzymes indicated under the figure, 
then electrophoresed in a 0.7 % (w/v) agarose gel for 14 hours at 1.5 volts/ 
cm. After transfer to nitrocellulose, the blot was hybridized in the nick 
translated insert, as indicated in Materials and Methods (106 cpm/ml, 18 hours 
hybridization). Washing was performed under stringent conditions (0.1 % SSC 
+ 0.5 % SDS at 65" C). Exposure time : 36 hours at -80" C with intensifying 
screens. 

Since aldolase E mRNA was found to be inducible by a carbohydrate-rich diet 

(8), we preferred the second approach. The procedure adopted for cloning rat 

liver aldolase mRNA is described elsewhere (8). It consisted in a differen- 

tial screening of the rat liver cDNA library with ss cDNA probes reverse trans- 

cribed from either starved or carbohydrate fed rat liver mRNAs.The number of 

aldolase B cDNA clones found in the human library was low (4 out 7200, i.e. 

O.D6 %). Some clones may have been missed because of their very short inser- 

tion or because they corresponded to upstream coding sequences which do not 

cross-hybridize with our rat cDNA probe (1050 base long). Moreover, the liver 

used for making the human cDNA library was derived from a fasted patient. 

The two longest human aldolase B cDNA clones were overlapping. They 

covered a 820 base long portion of the mRNA sequence. We determined the nu- 

cleotide sequence of 70HlO insert which contains the longest coding sequence, 

while most of the 14F4 insert is composed of the 3' non coding region (about 

400 non coding and 200 coding bases, as deduced from the alignment of the 

inserts). 
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The deduced protein sequence of the 127 C-Terminal residueswas similar 

in man and rat (9). They only differed by 9 residues as shown in Fig. 5. At 

the nucleotide level, a 87 % homology was found in the last 381 coding bases 

between man and rat aldolase B mRNA, only 48 codons being different between 

the two species. Nine codons differing from the rat counterpart by either the 

first base or the second were found to encode different amino-acid residues. 

At position 66 and 201, two codons encoded the same residue, i.e. Arg, al- 

though they differed by two bases (the first and the third base of the codon). 

By contrast, the 3' non coding regions are very different in man and 

rat as shown for a number of mammalian mRNAs (23). This is the reason why 

the 14F4 probe (composed of a majority of 3' non coding bases) exhibited a 

lower cross-hybridization with rat mRNA than the 70HlO insert. This non co- 

ding region is 387 bases long in rat. I f  we assume that the same is true in 

man (which is highly probable in view of the identical length of the rat and 

human RNAs),ihis means that the 14F4 clone contains all or most of the 3' 

coding extension. 

One striking difference between the human and rat aldolase B mRNA 3' 

non coding regionsconsists in the location of the polyadenylation site. One 

canonical polyadenylation site (AATAAA) in man is located far from the 3' 

end of the mRNA whereas this site in rat is located as usual about 15 bases 

upstream the poly-A tail. We can speculate that a similar polyadenylation site 

exists in human mRNA, the proximal site being not used. 

The hybridization of the cDNA probes with genomic DNA restriction frag- 

ments indicates that the gene for aldolase B may be present as a single copy. 

Indeed, one or two restriction fragments only were detected with most of the 

enzymes used. When several fragments could be observed, some of them hybridized 

specifically (or preferentially) with one of the two probes. This suggests that 

these multiple fragments result from the cleavage of different internal sites 

rather than from the splitting of different genes. This is particularly ob- 

vious with Pvu II which is known to cleave within the cDNA sequence. 
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Finally, the pattern of the restriction fragments was found to be simi- 

lar regardless of the washing conditions, (stringent or non stringent), a 

feature which argues against the presence of partially cross-hybridizing se- 

quences. 

In conclusion, we have obtained the partial sequence of a cDNA clone 

corresponding to human aldolase B. This probe is now used for characterizing 

genomic clones, with the aim of analyzing the genetic defect in Hereditary 

Fructose Intolerance. 
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