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A cDNA library of poly(A+)-RNA has been prepared from membrane-bound polysomes of Dictyostelium discoideum 
and screened for clones hybridizing to mRNA species that encode developmentally regulated proteins. The clone investi- 
gated in this paper recognizes a 1.8 kb transcript that accumulates strongly between the growth phase and aggregation 
stage. Stimulation of cells with pulses of CAMP enhances the accumulation. The amino acid sequence derived from a 
complete cDNA and from a genomic clone displays extensive sequence identity to human liver a-L-fucosidase. The D. 
discoideum DNA sequence encodes a 50.5 kDa polypeptide with a hydrophobic signal peptide at the N-terminus. Anti- 
bodies against a synthetic peptide corresponding to amino acids 262-275 of the deduced protein sequence recognize a 

developmentally regulated 50 kDa protein in D. discoideum that is recovered in the particulate fraction. 

Fucosidase; Development; (Dictyosfelium) 

1. INTRODUCTION 

During development from the growth phase to 
the aggregation stage, cells of Dictyostelium 
discoideum begin to communicate with each other 
by CAMP signals and by cell-to-cell contact. Both 
mechanisms of intercellular communication are 
based on the expression of new membrane proteins 
at the time of transition from the single cell to 
multicellular stage. The functions of only a few of 
these proteins are known. Among them are CAMP 
receptors [l] and a cell-adhesion molecule, the con- 
tact site A glycoprotein [2]. A number of cDNA 
clones represent still unidentified developmentally 
regulated proteins that are absent from growth- 
phase cells and present in aggregating cells. The ex- 
pression of most of these mRNA species is en- 
hanced by periodic CAMP signals, which are 
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produced by D. discoideum cells before and during 
the aggregation stage [3,4]. Sometimes the func- 
tion of the corresponding protein can be deduced 
from the cDNA-derived amino acid sequence, as 
was the case for a cysteine proteinase [5] and a 
serine esterase [6]. Here we report on a CAMP- 
controlled mRNA which codes for a protein with 
a high degree of homology to human a-L-fuco- 
sidase [7], and discuss the possible involvement of 
a fucosidase in the modification of protein- or 
lipid-linked carbohydrates in aggregation or later 
development of D. discoideum. 

2. MATERIALS AND METHODS 

2.1. Culture of D. discoideum 
Strain AX2-214 was grown axenically at 21°C. Cells were 

harvested at the exponential growth phase and washed free of 
nutrients by centrifugation in cold 17 mM Soerensen’s buffer 
(Na2HPOJKHaP04), pH 6.0. For development cells were 
either dispensed onto nitrocellulose filters type HABG 
(Millipore) or kept in suspension on a rotary shaker at 150 rpm. 
Cells of strain AX3 (Kessin) were grown axenically at 23°C and 
starved in suspension as described. For stimulation of develop- 
ment, CAMP pulses of 20 nM amplitude were applied every 
6 min to starving AX3 cells. 
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2.2. eDNA and genornic cloning 
The A1 IH2 clone was obtained by differential screening from 

a eDNA library of poly(A)+-RNA isolated from membrane- 
bound polysomes of AX2 cells starved in suspension for 6 h 
[8,9]. A 0.96 kb EcoRI fragment of this partial clone was nick- 
translated with (o~-nP)-labeled dATP [10] and used for library 
screens, Northern and Southern blots. The probe represented 
the 3'-region downstream of the internal EcoRI site (fig.l). 
Plasmid DNA was isolated according to Birnboim and Doly 
[11]. eDNA clone cDF2 was obtained by screening a ),gtll 
cDNA library provided by Dr R. Kessin (Columbia University, 
NY). The library was made from RNA isolated from AX3 cells 

that had been induced by cAMP [12]. Recombinant phages 
were grown on E. coli strain Y1088 [13] for the isolation of 
DNA. The genomic clone gDF6 was obtained by screening an 
EMBL3 library prepared from a partial Sau3A digest of 
genomic AX2 DNA [14]. Recombinant EMBL3 phages were 
propagated on E. coli LE392 [15]. 

2.3. Sequence analysis 
Restriction cleavage maps and the sequencing strategy are 

shown in fig.1. The inserts were subcloned into vectors 
M13mp18/19 or pUC18/19 [16]. Deletion clones of the pUC 
subclones were produced by exonuclease IIl/exonuclease S~ 
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Fig. 1. Sequencing strategy of eDNA and genomic clones of the A11H2 gene. Cleavage sites for restriction enzymes and directions of 
nucleotide sequencing of the complete cDNA clone cDF2 (top) and the geno.mic clone gDF6 (bottom) are indicated. Coding sequences 
are depicted by solid bars, introns by open bars, and 5'- and 3'-noneoding sequences by hatched bars. Nucleotide sequences were 

determined using sequence-specific oligonucleotide primers or subclones. 
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V 
-99  TTTGTTTTTTTTATATTTTTTTATTTTTGTTTTTTCACATC ~--~ ~ ~AGATTACAAGTATTGGTGTAATAATAATATAAAAAGTAATAAAAAATAAAAAAA 

1 ATG AAG ATG ATA ATe ATT TTT TTT ATA TTG TTA ATA TTA AAT TTA ATT AAA TCT CAA CAG TAT GGA CCA ACA TGG 
M K M I I I F F I L L I " L N L I K S ~Q Q Y G P T W 25 

76 CAC CAA ATT AAT TeA AGA CCA TTA CCA GGT TGG GTAAATATTATTATATTTTTATTATTATTATTATTATTATTTTTATAATTATTA 
D Q I N S R P L P G W 36 

163 T~T~"~"~ACTTTTTATTAATA.A~.~"~..~.~..fTTTTTTTTTAAAARATTTATAATAATAATAATATATTATAG TAT CAT GAT GTA AAG TTT GGA 
Y D D V K F G 43 

253 ATA TTT ATT CAT TTT GGA ATT TAT AGT GTA CCA GCA TTT GCA RAT GGA GGA TAT GCA GAA TGG TAT TGG TGG ACA 
I F I a F G I Y S V P A F A N G G Y A E W Y W W T 68 

328 TTA AAA RAT CCA AGT TCT GAT GGT GGT GCA ACA CAA AGA TAT CAT GAA AAA GAG TTT GGA GCC AAT TTT ACA TAT 
L K N P S S D G G A T Q R Y H E K E • G A N • T Y 93 

403 CAA CAT TTC GTT TeA ACA TTT CAT TGT CGT TTA TTC CAT GeT AAT GAA TGG GCA TeA ATA ATT GAA AAA TCT GGT 
Q D F V S R F D C R L F D A N E W A S I I E K S G 118 

478 GCA AAA TAT GTA GTT TTA ACA TeA AAA CAT CAT GRA GGT TAT ACC CTT TGG AAT AGT GAA CAA TCA TGG AAT TGG 
A K Y V V L T S K H H E G Y T L W N S E Q S W N W 143 

553 AAT TCT GTT GAA ACT GGT CCT GGT ATT CAT ATe GTT GGT GAG TTA ACA AAA TCT GTT AAA AAC ATG GGT TTA CAT 
N S V E T G P G I D I V G E L T K S V K N M G L H 168 

628 ATG GGT CTT TAT CAT TCT TTA TTT G GTARATATTTTATTAAATTTATTATTTATTAA~I-~AATACTAATATTGTTTTTTTTTTAAAAA 
M G L Y H S L F E • 177 

717 AARAAARAAAAATAG AA TGG TTT AAT CCA TTA TAT CTT GCA GAT GCT GAA ACT GGT AAA AAC CCA ACA ACT CAA GTT 
W • N P L Y L A D A E T G K N P T T Q v 197 

794 TAT GTT CAT GAA ATT TTA ATG AAA CAA TTA AAA CAT ATT GTT ACA ACA TAT G GTATGTGGTTTTTTATTATATAATTAATT 
Y V D E I L M K Q L K D I V T T Y E 215 

875 AATTAATTAAAAAATATTTATTAATATAATTTTTTTTTTTTTTTTTTTTTTAATTTTTAATTTTTTAG AA CCT GAA TTA ATT TGG GCA GAT 
P E L I W A D 222 

966 GGT GAT TGG ATG CAA TTA AGT AAT TAT TGG AAA TCA ACA GAA TTT TTA AGT TGG TTA TAT ACA AAT AGT AGT GTT 
G D W M Q L S N Y W K S T E F L S W L Y T N S S V 247 

1041 AAA GAT ACA GTA ATT GTA AAT CAT AGA TGG GGA AGT GAA TGT AGA CAT AAG AAT GGT GGA TTT TAT ACT GGT GCT 
K D T V I V N D R W G S E C R D K N G G F Y T G A 272 

1116 CAC CAT TTT AAT CCA TAT AAA CTT CAA TCA CAT ARA TGG GAA AAT TGT GCA Ace ATT GGA TAT TeA TAT GGT TAT 
D H F N P Y K L Q S n K W E N C A T I G Y S Y ~ Y 297 

1191 CAT GAA TAT GAA CAG GCT ACT CAT TAT CAA AAT GeT ACA GAG TTA ATA ATT CAT TTG GTA ACA ACG GTT GCA TGT 
D E Y E Q A T D Y Q N A T E L I I D L V T T V A C 322 

1266 GGT GGT AAT TTC TTA TTG GAT GTA GGC CCA CAT GeT CAA GGT ACA ATT CCA AAT AAT ATG GTT GAC CGT TTA TTA 
G G N F L L D V G P D A Q G T I P N N M V D R L L 347 

1341 GAG ATT GGT AAT TGG TTA TeA ATT AAT TCT GAA TeA ATT TAT GGT AGT TCA CCA TGG AGA GTT CAA AAT ATG ACT 
E I G N W L S I N S E S I Y G S S P W R V Q N M T 372 

1416 'FIT AAC ATe TGG TAT ACT ACA AAT ACT ACC AAT GGT AAT GTT TAT GCA TTT GTA TTT GAA TTA CCA GAT CAT GGT 
• N I W Y T T N T T N G N V Y A F V • E L P D D G 397 

1491 GTT TTA ATT TTA AGT CAT CCA ATT GGT AAT AAT AAA ACA GRA GCA ACT TTA TTA GGT TTA AAA GGT GAA AAA GGT 
V L I L S D P I G N N K T E A T L L G L K G E K G 422 

1566 GTT GAA GTA TeA TTA CCA ATT GRA TeA ACA AAA CCT GGT ATT ACA CTA AAC ATT CCA ATG GTT GCA CCA CAA CAT 
V E V , S L P I E S T K P G I T L N I P M V A P Q D 447 

1641 TAT CCA CCA TAT GTT TAT GTT TTT AGA 'ETA ACT GAT GTA GAA TAA AAAAAATAR~ARAATA~T TTAA 
Y P P Y V Y V F R L T D V E * 

V 
1725 ARATAAAATAAATARATAAATAAATGT TATATATACCATCCATAAATCAATTTATAATTTTTTTTTTTTTTTTTTTTTT TTTTTTTTC 

461 

i 624 TGGAATACA~-~-~-~GACATCCRATAAAAAGAATGAATTC I 863 

Fig.2. Nucleotide and deduced amino acid sequence of the genomic clone gDF6. In the 3' -noncoding region 8 possible polyadenylation 
signals are underlined. An arrow marks the putative cleavage site of the signal peptidase [24]. Consensus sequences for N-linked 
glycosylation are depicted by filled triangles. The underlined sequence was used for the preparation of a synthetic peptide. The start 
and the end of the cDNA clone cDF2 are indicated by unfilled, inverted triangles. The cDF2 sequence is identical with that of gDF6, 

apart from lacking the three introns. 
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treatment (Promega Biotec). For sequencing the dideoxy 
method [17] was applied using uni, reverse, or 18-mer 
oligonucleotide primers. Nucleotide and deduced amino acid se- 
quences were analysed with the University of Wisconsin 
Genetics Computer Group (UWGCG) and the Protein Iden- 
tification Resource (PIR) computer programs. 

2.4. DNA and RNA isolation and hybridization 
Total cellular RNA isolated from strain AX2 or AX3 cells 

was purified by several phenol/chloroform extractions. 10/~g 
RNA were applied per lane, separated by electrophoresis in 
1.20/0 agarose gels in the presence of  60/o formaldehyde [18], 
and transferred onto nitrocellulose filters (BA85, Schleicher & 
Schiill), Northern blots were hybridized with nick-translated 
probes at 37°C in 50o70 formamide, 2 × SSC (0.3 M NaCI, 
0.03 M sodium citrate), 4 × Denhardt's solution, 4 mM EDTA, 
lo70 sarcosyl, 0.12 M sodium phosphate buffer, pH 6.8, and 
0.1°7o SDS. 

2.5. Anti-peptide antibodies and immunoblotting 
A peptide corresponding to amino acids 262-275 (fig.2) was 

synthesized on a p-alkoxybenzyl alcohol resin as described [19]. 
The peptide was linked by a lysylglycylglycyl N-terminal spacer 
to a palmitic acid residue [20]. 200 tzg of  the palmitoyl peptide 
in 1 ml emulsion of  complete Freund's adjuvant were injected 
subcutaneously into New Zealand White rabbits, followed by 3 
injections with incomplete Freund's adjuvant. 

Particulate fractions of  D. discoideum AX2 were prepared 
from growth-phase and from 6 h developed suspension culture 
ceils. The cells were washed twice with phosphate buffer, pH 
6.0, and lysed by freeze-thawing. The lysates were centrifuged 
at 4°C for 1 h at 100000 × g and aliquots of  the pellet cor- 
responding to 1 × 106 ceils were loaded per lane on 10°70 SDS- 
polyacrylamide gels [21]. Proteins were transferred to 
nitrocellulose [22], the filters incubated for 1 h in 1 × NCP- 
buffer (10 mM Tris-HCl, pH 8.0, 150 mM NaCI, 0.05070 Tween 
20, 0.02°7o NAN3) containing 8°7o bovine serum albumin and 
baked for 30 rain at 100°C. The blots were subsequently in- 
cubated in 1 : 500 diluted rabbit anti-peptide serum, washed in 
1 × NCP-buffer, and labeled with ~25I-goat anti-rabbit IgG. 

3. RESULTS 

3.1. The amino acid sequence deduced from the 
D. discoideum A l l H 2  gene shows a high 
degree o f  homology to human oe-L-fucosidase 

One cDNA and one genomic clone of  the A11H2 
gene were sequenced. Both clones comprised the 
complete coding region. Since no differences were 
found between the sequences of  the cDNA and the 
exons of  the genomic clone, only the sequence of 
the genomic clone is shown (fig.2). This clone con- 
tained three AT-rich introns with lengths of  79, 97 
and 123 base pairs. In the 3 ' - f lanking region the 
sequence showed 8 possible polyadenylation 
signals. The cDNA clone consisted of  1522 bases, 
plus a poly(A) tail of  27 nucleotides starting at 

position 1752 in fig.2. The codon usage is com- 
parable to that of  other genes of  D. discoideum 
[23]. 

The deduced amino acid sequence indicates a 
pr imary translation product o f  461 residues in- 
cluding a hydrophobic N-terminal leader sequence. 
On the basis of  consensus sequences for signal pep- 
tidases [24], the leader is assumed to consist of  18 
amino acids, the processed protein starting with 
glutamine 19 of  the sequence shown in fig.2. The 
calculated molecular mass of  the putative mature 
protein is then 50.5 kDa. The sequence reveals the 
presence of  6 potential N-glycosylation sites, five 
being in the C-terminal half  of  the molecule. The 
protein is characterized by an unusually high tryp- 
tophan content of  19 residues, which corresponds 
to 4.3 molo70. 

Computer  searches at the amino acid level 
revealed strong similarity with only one other 
known sequence, that of  human ot-L-fucosidase. 
The sequence of  this polypeptide has been ob- 
tained f rom an incomplete cDNA clone isolated 
f rom a hepatoma expression library by screening 
with anti-c~-L-fucosidase antibodies [7]. The 
homology between the D. discoideum A11H2 se- 
quence and the partial human sequence extends 
over the entire length of  the latter (fig.3). Within 
the shared region, 46°7o of  the amino acids are 
identical. In addition, there are a number of  con- 
servative amino acid exchanges. The human clone 
represents 80°70 of  the mature c~-L-fucosidase. The 
D. discoideum sequence comprises, not regarding 
the leader, 44 additional amino acids in the N- 
terminal region and 44 in the C-terminal one. 

The cDNA-derived human and D. discoideum 
sequences were also compared in hydropathy 
plots. In general, the profiles are similar, but a 
hydrophobic  stretch in positions 311-331 is more 
pronounced in the D. discoideum sequence than in 
the human one. Neither this stretch nor another 
hydrophobic region at positions 41-59,  which is 
not represented in the human clone, has the 
characteristics of  a t ransmembrane domain [25]. 

Southern blots of  genomic D. discoideum DNA 
were probed with a cDNA fragment that comprises 
the 3 ' -por t ion  of  the coding region starting f rom 
the internal EcoRI  site (fig.l),  and extends into 
3 ' - f lanking sequences. When using restriction en- 
zymes that do not cleave within the A11H2 gene, 
for instance HpalI, only one fragment was 
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AllH2 MKMIIIFFILLILNLIKSQQYGPTWDQINSRPLPGWYDDVKFGIFIHFGIYSVPAFANGG 60 

AllH2 

~-Fuc 

YAEWI'WWTLKNPSSDGGATQRYILEKEFGANFTYQDFVSRFDCRLFDANEWASIIEKSGAK 120 
I: II : II: :: I:I II I I I :III : : :III 
EFLWWHWQGEGRP--QYQRFMRDNYPPGFSYADFGPQFTARFFHPEEWADLFQAAGAK 56 

AlIH2 

~-Fuc 

YVVLTS~R~GYTLWNSEQSWNWNSVETGPGIDIVGELTKSVKNMGLHMGLYHSLFEWFN 180 
IIIII:IIIII:I I I IIIIII : II I:IIII: ::: :: IIIIII III 
YVVLTTKKHEGFTNWPSPVSWNWNSKDVGPHRDLVGELGTALRKRNIRYGLYHSLLEWFH 116 

AlIH2 

~-Fuc 

PLYLADAETGKNPTTQVYVDEILMKQLKDIVTTYEPELIWADGDWMQLSNYWKSTEFLSW 240 

I I I I  I I It :1 I :1 I :1  :1 I :111 :11 :1  II I1:1111 
PLYLLDKKNGFK--TQHFVSAKTMPELYDLVNSYKPDLIWSDGEWECPDTYWNSTNFLSW 174 

AllH2 

~-Fuc 

LYTNSSVKDTVIVNDRWGSECRDKNGGFYTGADHFNPYKLQSHKWENCATIG-YSYGYDE 299 

II :1 I I I  I:111111 :1 : I1:1 I:1 I I I I I I  I : : 1  :1:11 
LYNDSPVKDEVVVNDRWGQNCSCJBLHGGYYNCEDKFKPQSLPDHKWEMCTSIDKFSWGYRR 234 

AllH2 

~-Fuc 

YEQATDYQNATELIIDLVTTVACGGNFLLDVGPDAQGTIPNNMVDPtS~IGNWLSINSES 359 
:1 : :1:1 :11 I1: I I 1 : 1 1 : : 1 1  :1 I :111 :1 I I I I 1 : 1 :  

DMALSDVTEESEIISELVQTVSLGGNYLLNIGPTKDGLIVPIFQERLLAVGKWLSINGEA 294 

A11H2 

C(-Fuc 

I YGSSPWRVQ- -NMTFNIWYTTNTTNGNVYAFI/FELPDDGVL I LSDP I GNNKTEATLLGL 417 
I1:1 I I I I I  I :111: : :  I I I  I : :111  I I1: I I :11 :  
I YASKPWRVQWEKNTTSVWYTSKGS - -AVYAIFIJ174P ENGVLNLESP I TTS TTKI TMLG I 352 

AIlH2 KGEKGVEVSLP IESTEI~ GITLNIPMVAPQDYPP ~ T D V E  461 

Fig.3. Alignment of amino acid sequences of the D. discoideum AI IH2 gene product and the incomplete eDNA-derived sequence of 
human ce-L-fucosidase [7]. Identical amino acids are indicated by vertical bars, conservative exchanges by dots. Conservative exchanges 
are based on the PIR permutation matrix and grouped as D, E, Q, N; F, Y, W; I, L, V, M; S, T, A, G; and H, R, K. Five gaps of 

1 or 2 amino acids are indicated by dashes. 

recognized .  Al l  the o the r  f r agmen t  pa t t e rns  ob-  
t a i ned  with d i f fe ren t  res t r ic t ion  enzymes were con-  
s is tent  with the  genome  o f  D. discoideum 
con ta in ing  on ly  a single copy  o f  the  A I  IH2  gene. 

3.2. Transcription o f  the A l l H 2  gene is 
developmentally regulated and controlled by 
c A M P  

G r o w t h - p h a s e  cells o f  D. discoideum A X 2  were 
t r ans fe r r ed  on to  n i t roce l lu lose  filters for  develop-  
men t  and  reached  the aggrega t ion  s tage within 
12 h (fig.4).  R N A  iso la ted  at  intervals  dur ing  
d e v e l o p m e n t  showed on ly  a single A I l H 2  
t r ansc r ip t  o f  1.8 kb .  This  t r ansc r ip t  accumula t ed  
f rom unde tec tab le  amoun t s  in g rowth -phase  cells 
to a m a x i m u m  degree o f  express ion in aggrega t ing  
cells. The  a m o u n t  o f  A I l H 2  m R N A  slowly de- 
c l ined  dur ing  the 6 h pe r iod  fo l lowing  aggrega t ion ,  
which  co r r e sponded  to the  t ipped  aggrega te  and 
slug stages and  was no  longer  de tec ted  at  the 21 h 
s tage o f  cu lmina t ion .  F o r  c o m p a r i s o n ,  m R N A  for  

the  con tac t  site A pro te in  was labeled.  This s tr ict ly 
r egu la ted  m R N A  is k n o w n  to be expressed shor t ly  
be fo re  the  onset  o f  aggrega t ion ,  and  to decay  la ter  
du r ing  deve lopmen t  [2]. The  a m o u n t  o f  contac t  
site A m R N A  peaked  at 12 h o f  deve lopment ,  at  
the  same t ime as the  A l l H 2  m R N A  (fig.4). 

A11H2 

0 3 6 9 12 15 18 21h 
kb 

~'= 1.8 

CsA ~ - 4  1.9 

Fig.4. Developmental regulation of D. discoideum AllH2 
mRNA. Total RNA from different stages of development as 
indicated in hours, was probed with nick-translated eDNA 
fragments specific for either AllH2 or contact site A 
transcripts (csA). The 12 h stage of development on 
nitrocellulose filters corresponded to aggregation, the 18 h 

stage to slug formation. RNA sizes in kb are indicated. 
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The effect of cAMP pulses on the accumulation 
of AI  1H2 transcripts was investigated in suspen- 
sion cultures of  AX3 cells, which respond strongly 
to pulsatile addition of  cAMP. As in AX2, no 
transcript was detectable in axenically growing 
AX3 cells. With no cAMP applied, a transient 
weak expression was observed at 2 h of  develop- 
ment, only trace amounts of transcript were 
detected at 4 h, and a moderate accumulation was 
seen at 6 h (fig.5). In cells stimulated by cAMP 
pulses, strong accumulation at 4 h, and a further 
increase at 6 h of  development were observed, in- 
dicating that cAMP signals are involved in the ac- 
cumulation of  A l l H 2  mRNA. 

3.3. A developmentally regulated 50 kDa protein 
is labeled by anti-peptide antibodies 

To obtain a probe for the A11H2 protein, a rab- 
bit antiserum was raised against a peptide cor- 
responding to amino acids 262-275 (fig.2). The 
antibodies were applied to protein blots from par- 
ticulate fractions of  growth-phase and aggrega- 
tion-competent D. discoideum cells (fig.6). A 
19 kDa protein was detected in both fractions, 
while a 50 kDa protein was expressed only during 
the preaggregation phase. The developmental 
regulation of this protein parallels that of the 
A11H2 mRNA, and the apparent molecular mass 
of  the protein is consistent with the sequencing 
data, provided that any carbohydrate moieties that 
are present do not substantially contribute to the 
electrophoretic mobility. The nature of the 19 kDa 
band is unknown. 

0 2 4 6 h 
I "If I I  1; 

- -  + - -  4- - -  -I- c A M P  

Fig.5. Effect of cAMP pulses on the accumulation of A11H2 
mRNA. Total RNA was isolated from AX3 cells immediately 
after harvesting from nutrient medium (0 h) or after different 
times of starvation in suspension. One aliquot of cells was 
stimulated by pulses of cAMP during development (+), the 
other aliquot remaining unstimulated (-). The blot was probed 

with a nick-translated eDNA fragment specific for A11H2. 

LETTERS 

0 6 h 

March 1989 

9 3 = , -  

6 4 = , , -  

45D,..- 

k D a  

Fig.6. Proteins labeled in membrane fractions by anti-peptide 
antibodies. AX2 cells were harvested either from nutrient 
medium (0 h) or starved in suspension to acquire aggregation 
competence (6 h). The rabbit antibodies were raised against a 
synthetic peptide corresponding to the portion of the AllH2 
sequence underlined in fig.2. Positions of molecular mass 

markers are indicated. 

4. DISCUSSION 

The developmentally regulated A l l H 2  gene of 
D. discoideum codes for a protein which is highly 
homologous to human o~-L-fucosidase (EC 
3.2.1.51). This homology is not restricted to a cer- 
tain region, as one would expect if only the 
catalytic site is conserved, but is distributed 
throughout the entire length of  the available 
human cDNA sequence [7]. The D. discoideum 
eDNA and genomic clones comprise the entire 
coding region including a hydrophobic leader. The 
calculated molecular mass of the mature D. 
discoideum polypeptide is 50.5 kDa. This is consis- 
tent with the apparent molecular mass reported for 
the subunits of the human liver enzyme [26] as well 
as with the apparent molecular mass of a D. 
discoideum protein determined by immunolabeling 
under denaturing conditions (fig.6). The human a-  
fucosidase has been reported to consist of two 
distinct subunits, one of 51 kDa, the other of 
56 kDa [26]. The D. discoideum A11H2 sequence 
may correspond to only one of the subunits of the 
human enzyme. 

The A l l H 2  protein seems to be controlled by 
the same cAMP-receptor mediated regulatory 
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mechan i sms  as a n u m b e r  o f  o the r  p ro te ins  tha t  are  
m a x i m a l l y  expressed in aggrega t ing  cells, for  in- 
s tance  the  con tac t  site A cell adhes ion  p ro te in  [8,9] 
and  cel l -surface  c A M P  receptors  [1,27]. P r o m o t e r  
e lements  respons ib le  for  the  c A M P - d e p e n d e n t  
r egu la t ion  o f  the  A1 I H 2  gene have been ident i f ied  
(May ,  T. et a l . ,  in p repa ra t ion ) .  

A l t h o u g h  direct  p r o o f  tha t  the  A l l H 2  gene 
p r o d u c t  is a fucos idase  is no t  ava i lab le  as yet ,  the 
overa l l ,  s t rong h o m o l o g y  with  h u m a n  o~-L- 
fucos idase  makes  it wor thwhi le  to discuss the  
poss ib le  func t ions  o f  a fucos idase  in D. 
discoideum. It is unl ike ly  tha t  these funct ions  are 
assoc ia ted  with nu t r i t ion  and  p r o p a g a t i o n  o f  D. 
discoideum cells, since the p ro te in  is not  present  
du r ing  growth .  This is cons is ten t  with previous  
resul ts  ind ica t ing  tha t  D. discoideum cells g rowing  
on  bac te r i a  degrade  the  l ipid moie ty  o f  var ious  
bac te r i a l  l i popo lysaccha r ides  bu t  not  their  car-  
b o h y d r a t e  residues [28,29]. It is l ikely tha t  
g lycocon juga te s  p r o d u c e d  by  D. discoideum cells 
a re  subs t ra tes  for  fucos idases .  F o r  example ,  
fucosy la t ed  g lycosph ingo l ip ids  o f  D. discoideum 
cells [30] are  cand ida t e  subs t ra tes  for  endogenous  
fucos idases .  This  poss ib i l i ty  is o f  pa r t i cu la r  in- 
teres t ,  since lack o f  the o~-L-fucosidase results  in a 
l ip id  s to rage  disease  in m a n  [31]. In  add i t ion ,  a 
n u m b e r  o f  fucosy la ted  g lycopro te ins  are  expressed 
dur ing  deve lopmen t  [32], inc luding the con tac t  site 
A g lycopro te in .  N- l inked  o l igosacchar ide  residues 
have  been  impl i ca ted  in the  act ivi ty  o f  this p ro te in  
as a cell adhes ion  molecule  [33], and  an enzyme 
r emov ing  fucose residues might  be involved  in 
regu la t ing  this act ivi ty.  La t e r  in deve lopment ,  ex- 
tensive i n c o r p o r a t i o n  o f  fucose  precedes  the  dif-  
f e ren t i a t ion  o f  p respore  cells, ind ica t ing  the 
synthesis  o f  fucosy la ted ,  cel l - type specific g lyco-  
p ro te ins  at  an  ear ly  s tep o f  cell d i f f e ren t i a t ion  [34]. 
A g a i n ,  a fucos idase  m a y  act in mod i fy ing  the 
c a r b o h y d r a t e  residues o f  these g lycopro te ins ,  
p r o b a b l y  dur ing  the recycl ing o f  p l a s m a  m e m b r a n e  
p ro te ins  [35]. In  Polysphondylium pallidum, an 
o r g a n i s m  re la ted  to  D. discoideurn, a specific 
fucose -con ta in ing  epi tope ,  recognized  by  a m o n o -  
c lona l  an t i body ,  is con t ro l l ed  by  genes tha t  are  also 
invo lved  in the  t iming  o f  deve lopmen t  [36]. 
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