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Summary. The amino acid sequences of two barley ribo- 
somal proteins, termed HvL17-1 and HvLI 7-2, were de- 
coded from green leaf cDNA clones. The N-terminal se- 
quences of the derived barley proteins are 48% identical 
to the N-terminal amino acid sequence of protein YL17 
from the large subunit of yeast cytoplasmic ribosomes. 
Via archaebacterial ribosomal proteins this homology ex- 
tends to ribosomal protein L22 from eubacteria and 
chloroplast. Barley L17, and ribosomal proteins L22 and 
L23 from the archaebacteria Halobacterium halobium 
and H. marismortui, are 25-33% identical. Interestingly, 
the barley and archaebacterial proteins share a long, cen- 
tral stretch of amino acids, which is absent in the corre- 
sponding proteins from eubacteria and chloroplasts. 

Barley L17 proteins are encoded by a small gene fam- 
ily with probably only two members, represented by the 
cDNA clones encoding HvL17-1 and HvL17-2. Both 
these genes are active in green leaf cells. The expression of 
the L17 genes in different parts of 7-day old barley 
seedlings was analyzed by semiquantitative hybridiza- 
tion. The level of L17 mRNA is high in meristematic and 
young cells found in the leaf base and root tip. In the leaf, 
the L17 mRNA level rapidly decreases with increasing 
cell age, and in older root cells this mRNA is unde- 
tectable. 
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Introduction 

Protein synthesis is a fundamental process in cellular 
housekeeping metabolism, and the protein synthetic ca- 
pacity of a cell obviously depends on the supply of ribo- 
somes. In bacteria, ribosome content is proportional to 
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growth rate. Similarly, the synthesis of rRNA and riboso- 
mal proteins (r-proteins) in eukaryotes is extensively 
modulated during growth and differentiation. In this way 
the rate of ribosome formation is adjusted to meet the 
cellular need for protein synthesis. The synthesis of ribo- 
somal components is coordinately regulated and a vari- 
ety of regulatory mechanisms, operating at different lev- 
els of gene expression, is used to control r-protein accu- 
mulation. The precise regulatory strategy depends on the 
organism or cell type in question (for reviews see Gausing 
1982; Mager 1988; Warner 1989). 

In plants, protein synthesis takes place in three cellular 
compartments: the cytoplasm, the chloroplasts, and the 
mitochondria. Each compartment has a unique set of 
ribosomes. Cytoplasmic ribosomes are typically eukary- 
otic, whereas chloroplast ribosomes are similar to 
prokaryotic ribosomes (Boynton 1980). Moreover, the 
primary sequences of individual chloroplast r-proteins 
are clearly homologous to E. coli r-proteins (Wittmann- 
Liebold 1986). Mitochondrial ribosomes are structurally 
diverse and contribute only little to the total cellular ribo- 
some population (Boynton 1980). Chloroplast ribo- 
somes, on the other hand, can account for more than half 
the total ribosome content in sections of wheat and barley 
leaves (Dean and Leech 1982; Barkardottir et al. 1987). 

Primary sequences of plant cytoplasmic r-proteins 
have been deduced from cDNA clones and so far include 
the sequences of S14 from maize (Larkin et al. 1989) and 
SI 1 from Arabidopsis and soybean (Gantt and Thomp- 
son 1990). The expression of cytoplasmic r-protein genes 
was studied in soybean and maize and elevated levels of 
r-protein mRNAs were related to cell division in both 
systems. In soybean the relative levels of individual r- 
protein messengers coordinately increased up to 8-fold in 
rapidly proliferating cells from hypocotyls treated with 
1,2-dichlorophenoxyacetic acid, a synthetic auxin (Gantt 
and Key 1983, 1985). In developing maize endosperm, 
the r-protein $14 mRNA level is high and correlates with 
the mitotic index (Larkin et al. 1989). 

We have previously described two gene families with 
members preferentially expressed in young basal cells of 
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barley leaves (Barkardottir etal. 1987; Gausing and 
Barkardottir 1986). One is the subclass ofubiquitin genes 
encoding ubiquitin r-protein fusion peptides (Gausing 
and Barkardottir 1986; Gausing and Jensen 1990). We 
now find that the second gene family also encodes r- 
proteins; these are homologous to r-protein YL17 from 
yeast (Otaka et al. 1984). Via archaebacterial r-proteins 
the homology extends to r-protein L22 of eubacteria and 
chloroplasts, suggesting equivalent roles for these 
proteins in ribosome assembly and function. 

Materials and methods 

Plant material. Barley seedlings (Hordeum vulgare cv. Bomi) were 
grown and harvested as previously described (Barkardottir et al. 
1987). 

Isolation and analysis of cDNA clones. The construction (in the PstI 
site of pBR327, Covarrubias et al. 1981) and analysis of a barley 
green leaf cDNA library containing 4 800 clones has been described 
(Gausing and Barkardottir 1986; Gausing 1987). A second cDNA 
library with 6.5 x 106 recombinants was constructed in tambda 
ZAP1 from poly (A) + RNA purified from the basal 2.5 cm of 7-day 
old barley seedlings (Stratagene Custom Services). The 680 bp PstI 
insert of the HvL17-1 cDNA clone pKG1973 (Barkardottir et al. 
1987) was used to screen the lambda ZAP1 cDNA library. Purifica- 
tion of recombinant phages and rescue of pBluescript SK(-) plas- 
mids was performed according to the Stratagene lambda ZAP1 
manual, cDNA inserts and overlapping restriction fragments cover- 
ing the inserts were transferred into pBS- (Short et al. 1988). Se- 
quencing was performed with double-stranded DNA using a Seque- 
nase | kit according to suppliers instructions (United States Bio- 
chemicals, Cleveland, Ohio). 

Isolation and analysis of RNA and DNA. Nucleic acids were isolated 
and analyzed by Northern and Southern hybridization as described 
by Gausing and Barkardottir (1986). 

Amino acid sequence comparisons. The homology search was per- 
formed using the FASTA program (Pearson and Lipman 1988) to 
search the mipsx database. 

Results and discussion 

Isolation and characterization of  L I  7 cDNA clones 

Because of the similar expression pattern of ubiquitin-ri- 
bosomal protein fusion peptide genes and the L17 genes 
represented by the pKG1973 group of cDNA clones 
(Barkardottir et al. 1987) we were encouraged to investi- 
gate the possible relationship between the products of 
these genes. 

As none of the original four L17 cDNA clones isolated 
from our cDNA library of 4 800 clones were full length, 
the PstI insert of clone pKG1973 (680 bp) was used to 
screen an independent cDNA library in which 44 positive 
clones were identified among 100000 recombinants. Se- 
lected clones which were purified and further analyzed 
fell in two classes, representing the transcripts of two 
related genes. The structure of the two classes of cDNA 
clones, as well as the originally isolated clones pKG1973 
and pKG989, is shown in Fig. 1. The nucleotide and 
derived amino acid sequences are shown in Fig. 2. In 
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Fig. l. Structural map of barley HvL17-1 and HvL17-2 cDNA 
clones. Thin line, non-coding regions; open box, protein coding 
regions; arrowheads, polyadenylation sites. The position, relative to 
the full length clones, of the HvL17-1 cDNA clone pKG1973 and 
the HvL17-2 cDNA clone pKG989 is indicated 

agreement with earlier estimates of messenger size 
(850 nt, Barkardottir et al. 1987), the cDNA inserts of the 
longest clones are between 750 and 850 bp in length with- 
out the poly (A) tails. The different length of the T-non- 
coding region in the two types of cDNAs, together with 
the occurrence of multiple, widely spaced, polyadenyla- 
tion sites, account for this variation in size (Fig. 1). The 
maps and nt sequences showing the polyadenylation sites 
(Figs. 1 and 2) represent data from 12 HvL17-1 and seven 
HvL17-2 clones. 

The nucleotide sequence homology between the two 
types of cDNA clones is 80% in the coding region, 
whereas the 5'- and 3'-noncoding regions differ consider- 
ably, with identities of 52 and less than 50%, respectively 
(Fig. 1). 

The distribution of C + G nucleotides is identical in 
HvLI7-1 and HvL17-2 cDNA clones; a changed C + G  
content marks the boundaries of the coding region 
(Fig. 1). In cereals, the C + G content in coding regions is 
normally higher than the average genomic C + G content 
(Salinas et al. 1988), which is 42% in barley (Shapiro 
1970). The 54% and 41% C + G  content of the coding 
and 3'-noncoding regions of the cDNA clones is, there- 
fore, not unexpected. The 76% C + G nucleotides in the 
Y-leaders is exceptional, however, since 5'-leader se- 
quences in plants are normally rich in A + T (Joshi 1987). 
It may be significant that the leader sequences of two 
barley ubiquitin-ribosomal protein mRNAs have a com- 
parably high C + G content (Gausing and Jensen 1990). 

The single, open reading frames following the first 
ATG of the HvL17-1 and HvL17-2 cDNA clones are 510 
and 516 bp long, respectively. The encoded proteins, 
HvL17-1 and HvL17-2, are 170 and 172 amino acids long 
(Figs. I and 2). The amino acid sequences are 91% iden- 
tical. Calculated molecular masses are 19.5 and 19.7 kDa, 
respectively, and the proteins contain 21% basic (K + R) 
and 9% acidic (D +E) amino acids. 

Identification of  homologous proteins 
from other organisms 

By computer-assisted sequence comparisons, the barley 
LI 7 proteins were found to be homologous to well-char- 
acterized r-proteins from other organisms. Figure 3 
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HvLI 7-1 cDNA HvLI7-2 cDNA 

CCTCGCTCTCGCCGCCGCCGCTGTGTTCTCTCCCGCGCCGACGCAGCCATGGTGAAGTAC 60 
M V K Y 4 

TCGACGGATCCCGCGAATCCCACCAAGTCCGCCAAGGCCATGGGCCGCGACCTGCGTGTT 120 
S T D P A N P T K S A K A M G R D L R V 24 

CATTTCAAGAACAC TAGGGAAACAGCGT T TGC CCTGAGGAAGATGCCGCTGAACAAGGCT 180 
H F K N T R E T A F A L R K M P L N K A 44 

AAGAGGTACCTTGAGGATGTGTTGGCACACAAGCAAGCCATCCCCTTCCGGAGGTACTGC 240 
K R Y L E D V L A H K Q A I P F R R Y C 64 

CGTGGTGTTGGACGCACGGCCCAGGTTAAGAACCGTCAGCCAAATGGTCAGGGACGCTGG 300 
R G V G B T A Q V K N R Q P N G Q G R W 84 

CCTGCCAAGTCTGCTAAGTTCGTTCTGGATCTTCTAAAGAACGCAGAGAG CAATGCTGAG 360 
P A K S A K F V L D L L K N A E S N A E 104 

GT GAAAGGT CTTGATGTGGATGCTCTCTACATTTCGCACATCCAAGTGAACCAGGCC CAG 420 
V K G L D V D A L Y I S H I Q V N Q A Q 124 

AAGCAGCGGCGCAGGACCTACCGTGCTCATGGACGCATCAACCCCTACATGTCCAACCCA 480 
K Q R R R T Y R A H G R I N P Y M S N P 144 

T GCCACATTGAGCTGATCTTGTCTGAGAAGGAAGAGCCGGTGAAGAAGGAGGCTGAGTCC 540 
C H I E L I L S E K E E P V K K E A E S 164 

CAGATTGC CAGGAAGG CCTAGAGAAGGAAGCT CTACATCAT CTGTCCACC TATTCGTTAG 600 
Q I A R K A 170 

AGCACTTTGTAGCATCTGGTTTGGCT GAGT GGAATTTTTGCCCTGTTATCTGTCGTCTAA 660 

ATACTGCTAGCTCATACTTTGT GAAAGTCTCTTCTAATGGATTCGATCTGGTTGTGTTTT 720 
,% A 

GGAATATTTT TCATCGTATCTTATGGGTGTTGGTTTGCTGCTCTCAACACCTGCTTGATT 780 
A A 

CCTCG 785 

CTCCCATCCCTCCTCTCCGGCCACAACCCCACCGCCGCCGCCATGGTG~GTAC 54 
M V K Y 4 

TCGAGGGATCCGTCC~CCCGACC~GTCGGCC~GGCATGTGGC~G~TCTCAGGGTC 114 
S R D P S N P T K S A K A C G K D L R V 2 4  

CACTTCAA~ACACACGCGA~CAGCTTTCGCTCTTCGCAGGATGCCTTTGGGCAAGGCT 174 
H F K N T R E T A F A L R R M P L G K A 4 4  

~GAGGTACCTT~GGATGTTCTCGCTCACAAGCAAGC~TTCCCTTcCGTA~TACTGC 234 
K R Y L E D V L A H K Q A I P F R R Y C 6 4  

AGAGGTGTGGGCCGTAeTGCAC~GTA~G~CCGCCGGCC~ATGGGCAGGGTCGCTGG 294 
R G V G R T A Q V K N R R P N G Q G R W 8 4  

CCTGCAAAGTCGGCCCAGTTCGTGCTGGATTTGCTG~G~TGCTGAGAGT~CGCTGAA 354 
P A K S A Q F V L D L L K N A E S N A E I 0 4  

GTTA~GGCTTG~TGTCGAC~CCTCTACATTTCACACATCCAGGTG~CC~GCCC~ 414 
V K G L D V D N L Y I S H I Q V N Q A Q I 2 4  

~GCAGAGGCGCCGGACGTACCGTGCTCATGGACGCATC~CCCTTACATGTCCAACCCC 474 
K Q R R R T Y R A H G R I N P Y M S N P I 4 4  

TGCCACATTGAGCTGATCTTGTCA~G~GG~GAGCCTGTG~GAAG~GGCTGAC~C 534 
C H I E L I L S E K E E P V K K E A D N I 6 4  

GTCGTTGCACC~GGA~GCTATCT~GCT~CGGAGTGGCTGCATTTGTCT~G~TCT 594 
V V A P R K A I 172 

TAGTTGTAGTTCCTTTC~GTACCTTTGGTGG~GTGTTTGTTGCCTCCTAGATGTTTTT 654 

GGTACC~TG~GT~GGATTTGTT~GGTTGATGCTATCCTTGTGATTGCG~TGGT 714 

CTTTATATATGCTAAAACTGTTTCGGATATTC~GCATTAGCCCACCAGAACTTGTTTCT 774 

TAGA~TCTTTGTCCTTTCGGGCTGTACACTT~GAGTTTGGC~TTCACTTTTTGGTTG 834 
A 

CTTTGAAT~TCCACTTTTT 854 
A 

Fig. 2. Nucleotide and derived amino acid sequences of HvL17-1 and HvLI7-2 cDNA clones. Arrowheads, polyadenylation sites. The longest 
HvLI7-2 clone has no poly(A)-tail 

Table 1. Percentages of amino acid identity between L17/L22 proteins 

H.h.  L22 H.m. L23 YL17 a HvL17-1 HvL17-2 Lw, Eug, Tob, Rice Myc L22 E.c. L22 
cpL22 cpL22 cpL22 cpL22 

H.h. L22 67 22 27 25 17 15 13 15 19 17 
H.m. L23 67 24 33 30 17 15 13 t5 17 17 
YL17 23 26 48 48 15 20 15 3 20 18 
HvL17-1 29 36 48 90 19 14 13 12 18 17 
HvL17-2 27 34 48 91 20 15 14 13 17 16 
Lw, cpL22 23 23 17 28 30 42 41 40 37 36 
Eug, cpL22 22 22 24 2t 22 44 31 28 34 36 
Tob, cpL22 21 21 18 19 20 55 42 34 26 26 
Rice, cpL22 21 21 5 18 19 50 38 52 24 23 
Myc L22 28 25 29 28 27 40 37 36 32 53 
E.c. L22 24 24 25 26 26 39 39 37 31 53 

The calculations were based on the alignment shown in Fig. 3. 
Upper right: percentage of identity including terminal residues and 
non-overlapping regions. Lower left: percentage of identity omit- 
ting terminal residues and non-overlapping regions. Matches of 

shows an alignment of  barley LI 7 with the equivalent 
r-proteins from yeast, two archaebacteria, two eubacteria 
and chloroplasts from four distantly related taxa: a 
bryophyte, an alga, a dicotyledonous and a monocoty le -  
donous  angiosperm. Table 1 shows the percentage o f  
identity between the proteins. 

The N-terminal sequences o f  the barley proteins are 
48 % identical to the 40 amino acid N-terminal sequence 
known from the 60 S r-protein YL17 from yeast (Otaka 
and Kobata 1978; nomenclature according to Otaka and 
Osawa 1981; Otaka et al. 1984). This strongly suggests 
that the barley proteins are 60 S r-proteins equivalent to 
YLI7.  The molecular weight o f  YL17, 20 kDa,  also corn- 

initiator methionine were not scored. For abbreviations of species 
names and sequences references see legend to Fig. 3 
a The percentage of homology to yeast YL17 is calculated on the 
basis of the 40 known N-terminal amino acids 

pares well with the values calculated for the barley L17 
proteins. The database search did not  identify additional 
eukaryotic r-proteins with significant homology  to barley 
LI7 or to the N-terminal of  yeast YL17. Barley L17 and 
r-proteins L22 and L23 from the archaebacteria Halobac- 
terium halobium and H. marismortui are 2 5 - 3 3 %  identi- 
cal (Table 1; Mankin 1989; Hatakeyama etal .  1988). 
These archaebacterial equivalents o f  eubacterial and 
chloroplast r-protein L22 contain a central 30 amino acid 
region not  found in the eubacterial protein (Mankin 
1989; Hatakeyama et al. 1988). Interestingly, an identi- 
cally located insertion is found in barley L17, and the 
similarity between barley L17 and archaebacterial L22/ 
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Fig. 3. Alignment of barley L J7 proteins with homologous riboso- 
mal proteins from other organisms. Amino acids identical to both 
barley sequences are boxed. Only gaps necessary to maintain align- 
ment are introduced. Numbering is arbitrary, starting with the first 
methionine of the archaebacterial sequences. An N-terminal exten- 
sion of 23 amino acids of rice chloroplast L22 (Ri) (Hiratsuka et el. 
1989) is omitted for clarity. The alignment of H. Marismortui 
(H.m.) L22 with E. coli L22 is taken from Hatakeyama et el. 1988. 

Additional sequence information: Euglena gracilis (Eug) (Christo- 
pher et el. 1988), yeast (Otaka et el. 1984), E. coli (E.c.) (Wittmann- 
Liebold and Greuer 1980), H. halobium (H.h.) (Mankin 1989), My- 
coplasma capricolum (Myc) (Ohkubo etal. 1987), liverwort 
Marchantia polymorpha chloroplast (Lw) (Ohyama et el. 1986), To- 
bacco chloroplast (Tob) (Tanaka et el.) Hordeum vulgare (Hv) (this 
work), cp=chloroplast. In the yeast sequence B=Asx, Z=Glx, 
X = unknown amino acid 

L23 clearly persists in this region (Fig. 3). Furthermore,  
the barley and archaebacterial proteins share a single one 
amino acid gap (position 107, Fig. 3) relative to the eu- 
bacterial and chloroplast r-proteins. 

With the exception of proteins of  similar origin (e.g., 
archaebacterium/archaebacterium),  the homologies be- 
tween the proteins in region of  overlap are all in the range 
of  2 0 - 3 5 %  (lower left, Table 1). However,  the occur- 
rence of  insertions and deletions clearly discriminates be- 
tween eukaryotic and archaebacterial proteins on the one 
hand and eubacterial/chloroplast proteins on the other. 
A similar conservation of insertions/deletions between 
eukaryotes and archaebacteria is seen by examination of 
other r-protein sequences (Ha takeyama etal .  1989; 
K6pke  and Wit tmann-Liebold 1988). As expected, barley 
chloroplast rpI22 encodes a protein which lacks the cen- 
tral insertion and, therefore, clearly belongs to the eubac- 

terial/chloroplast group of L17/L22 proteins (unpub- 
lished results). 

In conclusion, barley L17 proteins are highly related 
to YL17 and significantly more related to archaebacterial 
than to eubacterial counterparts.  This is in agreement 
with the general observation that  eukaryotic and archae- 
bacterial r-proteins are often more related to each other 
than to eubacterial r-proteins (Kimura et el. 1989; K6pke  
and Wit tmann-Liebold 1989; Auer et el. 1989; Strobel 
et el. 1989). The conservation through evolution of  the 
amino acid sequences of  the L17/L22 proteins, which is 
evident from the comparison presented in Fig. 3 and 
Table 1, suggests a conserved role for these proteins in 
r ibosome assembly and function. In E. coli, r-protein L22 
is involved in the early steps of  ribosome assembly, and 
is closely associated with the 5' region of  23S r R N A  (Pi- 
chon et el. 1975; Homann  and Nierhaus 1971; Chert- 



Fig. 4. Southern blot analysis of restriction 
enzyme digests of barley DNA (10 gg per 
lane). The probe used was the PstI insert of 
pKG1973 (Fig. 1) H, HindIII and B, BamHI 
digests. MW marker was lambda DNA digest- 
ed with HindIII 

Schmeisser and Garret t  1976). Spinach chloroplast L22, 
which carries a long C-terminal extension compared  to 
other L17/L22 proteins, may be exceptional. This protein 
binds to 5S r R N A  (Zhou et al. 1989). 

Genomic organization of L17 genes 

The genomic organization of r-protein genes in eukary- 
otes varies considerably, ranging f rom large gene families 
with only one active member  in mouse (Dudov and Perry 
1984) to single copy genes in Drosophila (Burns et al. 
1984; Rafti  et al. 1988). The highest number  of  active 
genes reported for a single r-protein is three (Larkin et al. 
1989; Ga te rmann  et al. 1989). In the yeast Saccharomyces 
cerevisiae many,  but not all, r-protein genes are duplicate 
and sometimes the two copies have promoters  of  differ- 
ent strengths (Mager 1988; Warner 1989). In plants, copy 
numbers f rom one to six have been suggested (Gant t  and 
Key 1985; Larkin et al. 1989). 

To estimate the number  of  L17 genes in the barley 
genome, isolated D N A  was digested with restriction en- 
zymes and probed with the PstI insert of  the HvL17-1 
c D N A  clone pKG1973 (Fig. 1). Two hybridizing bands 
of different intensity were detected with each of the re- 
striction enzymes HindIII and BamHI (Fig. 4). With a 
HvL17-2-specific c D N A  probe (3'-noncoding region), 
only bands corresponding to the weakly hybridizing 
HindIII and BamHI bands were detected (data not 
shown). F rom these results it is concluded that  the weakly 
hybridizing bands (Fig. 4) represent the HvL17-2 gene, 
while more strongly hybridizing bands represent the 
HvL17-1 gene. I t  is, therefore, likely that r-protein L17 is 
encoded by only these two genes in barley. 

Developmental regulation of L17 mRNA accumulation 

The expression of  the barley L17 genes was analyzed in 
different parts of  7-day old barley plants grown under 
normal,  diurnal conditions (Barkardott ir  et al. 1987). In 
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Fig. 5. Northern blot analysis of total RNA from sections of leaves 
and roots from 7-day old barley seedlings. The probe was the PstI 
insert ofpKG1973 (Fig. 1). The L17 mRNA levels was determined 
in 3 mm sections of leaves cut at their bases within the seeds ( - � 9  - ) ,  
0.5 and 1.0 cm section of leaves cut at seed level ( - o - ) ,  3 mm root 
tips (RT bar) and in the rest of the root (undetectable). The third 
3 mm leaf section was lost during preparation. The highest L17 
mRNA level detected (first basal 3 mm leaf section) was arbitrarily 
set at 100%. Differently exposed autoradiographs were scanned 
and the results were normalized to fit the same curve. Inset: an 
autoradiograph from Northern hybridization to total RNA from 
leaf sections (10 gg per lane) 

grass leaves the cells above the basal, meristematic zones 
are progressively older with increasing distance f rom the 
leaf base. In 7-day old barley plants cell age is nearly 
proport ional  to distance f rom the leaf base up to about  
10 cm where cells are 3.5 days old (Barkardott ir  et al. 
1987). The results of  the expression studies (Fig. 5) show 
that the L17 genes are predominant ly expressed in re- 
gions of  meristematic and young, rapidly growing, cells 
in both  leaf and root. In leaf cells, the L17 m R N A  level 
quickly drops to low, but detectable, levels in leaf sections 
above the seed, whereas L17 m R N A  could not be de- 
tected in roots with the tip meristem removed. The devel- 
opmental  modulat ion of  L17 m R N A  accumulation in 
leaf cells is highly similar to the pat tern observed for 
r-protein-encoding ubiquitin-tail m R N A s  in barley 
(Gausing and Barkardott ir  1986; Gausing and Jensen 
1990), which is in agreement with the concerted regula- 
tion of  r-protein gene expression observed in other organ- 
isms (Falkis and Meyuhas 1982; Gan t t  and Key 1985; 
K im and Warner 1983; Pierandrei-Amaldi et al. 1982). 
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