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ALTHOUGH, IN THEORY, an RNA 
sequence can be decoded in any of 
three reading frames, each of which 
would produce a completely different 
protein, most mRNAs can only be trans- 
lated in one reading frame. This is set 
during the initiation phase of protein 
synthesis, when the ribosomal complex 
recognizes and assembles at the first 
codon (AUG) of the encoded protein. 
Translation then procedes until a stop 
codon is reached. Some mRNAs, how- 
ever, encode two or more genes in 
different and overlapping reading 
frames and thus alternative strategies 
are required for expression of these 
additional genes (for a review, see 
Ref. 1). One such mechanism is known 
as ribosomal frameshifting in which the 
reading frame of a mRNA is changed at 
a specific site (or sites) during trans- 
lation, resulting in the expression of a 
single protein from two (or multiple) 
overlapping genes. In bacteria and 
yeast, ribosomal frameshifting may 
operate by a variety of mechanisms 
such that the reading frame is changed 
in the 5' or the 3' direction (see Refs 2-5 
and references therein). In yeast, the 
virus-like particle, L-A 5, and the retro- 
virus-like transposon, Ty6, both contain 
two large overlapping reading frames. 
Interestingly, the different reading frames 
are aligned in L-A by a frameshift of one 
nucleotide in the 5' (or -1) direction, 
while in Ty they are aligned by a 
frameshift of one nucleotide in the 3' 
(or +1) direction. Reviews on these sys- 
tems have been published recently2.s. In 
higher eukaryotes, however, only a shift 
by one nucleotide in the -I direction 
has been described. Most of our under- 
standing of frameshifting in higher 
eukaryotes has been obtained through 
studies with vertebrate viruses, primar- 
ily retroviruses, which will form the 
focus of this review. 

Our understanding of frameshifting 
has increased substantially in the last 
five years since it was first dem- 
onstrated that Rous sarcoma virus (RSV) 
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The gag and pol genes of most retroviruses occur in different reading 
frames and their translation as a single polypeptide is carried out by ribo- 
somal frameshifting in the -1 direction. The alignment of the different 
reading frames occurs by overlapping reading in response to at least two 
signals within the RNA: one is a heptanucleotide stretch at the frameshift 
site and the other is a stem-loop structure which occurs just downstream 
of the first signal. 

utilizes ribosomal frameshifting to 
align two large, briefly overlapping 
reading framesT. Previously, a popular 
concept was that alignment of the 
different reading frames occurred by a 
small splice in the mRNA, but this 
possibility was ruled out when the 
alignment was shown to occur by 
ribosomal frameshiftingT-9. In fact, we 
now know where the frameshift occurs. 
We also know a great deal about what 
information is present in RNA for 
aligning the different reading frames. In 
addition, we know how the different 
reading frames are aligned and we have 
some insight into how the frameshift is 
accomplished; i.e. how the fidelity of 
translation is maintained during the 
repositioning of the ribosome on the 
mRNA. 

Arrangement and translation of the 
retroviral gag, pro and pol genes 

Overlapping genes occur in the gag- 
pro-pol translational unit of the genome- 
sized mRNA of many retroviruses. 
These genes are all expressed from the 
same AUG initiation codon. The gag 
gene encodes the structural proteins 
of the virus and the pol gene encodes 
the replication enzymes, reverse trans- 
criptase and integrase. The replication 
enzymes are usually synthesized at a 
5-10% level of the Gag proteins. The pro 
gene, which encodes the viral protease, 
can be expressed in the same reading 
frame as gag and pol or in a separate 
reading frame overlapping gag and/or 
pol. For example, in mammalian type 
C retroviruses, the pro and pol genes 
are expressed through suppression of 
the termination codon at the end of gag 

by a glutamine tRNA10; and thus, the 
same reading frame is maintained in 
translation of gag and pol. This means 
of expressing the Gag-Pol fusion pro- 
tein is designated as in-frame read- 
through (Fig. 1). In other retroviruses, 
the genes downstream of gag occur in 
different reading frames. Expression of 
the Gag-Pro-Poi fusion protein in some 
of these retroviruses requires a single 
frameshift event in the -1 direction to 
align the different reading frames, 
whereas expression in others requires 
two such events, one between gag 
and pro and the other between pro and 
pot (Fig. 1). 

The frameshift site 
The frameshift occurs within the 

region known as the overlapping 
reading frame. The boundaries of this 
region (also designated as the overlap 
or frameshift window) are established, 
for example, in retroviruses requiring 
a single frameshift event, by the 
termination codon at the end of gag 
(the 0 reading frame) and the first 
upstream termination codon in the -1 
frame (the pol reading frame). The size 
of the overlap may vary from a few 
nucleotides (e.g. 13 in the pro-pol 
frameshift window of the mouse 
mammary tumor virus [MMTV])]2.]s to 
more than a hundred nucleotides (e.g. 
178 in the pro-pol frameshift window of 
human T-cell lymphotrophic virus-1 
[HTLV-1])]4. In each overlap sequenced 
to date one of three common sequences 
occurs, A AAC, U UUA or U UUU (where 
asparagine [AAC], leucine [UUA] or 
phenylalanine [UUU] are read in the 0 
frame), whose role is to signal the 
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frameshift event,s. Mutagenesis studies 
within and around the frameshift region 
show that the signal actually consists 
of a heptanucleotide sequenc@,~. 
Examples of frameshift signals are 
shown in Table I. 

The heptanucleotide frameshift 
signal may occur anywhere within the 
overlap from the extreme 3' end (e.g. 
just before the gag termination codon in 
RSV)~5 to near the 5' end (e.g. just inside 
the 5' boundary of the window in 
human immunodeficiency virus-1 [HIV- 
1] which is 234 nucleotides upstream of 
the gag termination codon)]7. The site 
of the frameshift is the 3' base at the 
end of the heptanucleotide signal 
(designated with an arrow in Fig. 2). 
This was demonstrated by sequencing 
the transframe protein or peptide, 
synthesized either in vivo8 or in vitro 
(Refs 15 and 18, and S. H. Nam, T. D. 
Copeland, M. Hatanaka and S. Oroszlan, 
unpublished), through the frameshift 
site (see Fig. 2). The data show, for 
example, that leucine and isoleucine are 
generated from the UUAUA sequence in 
RSV (where UUA is the 3' terminal 
codon of the frameshift signal)Is; and 
isoleucine is read in the -1 frame by 
AUA and leucine in the 0 frame by 
either UU (if the frames are aligned by 
two out of three base reading) or UUA 
(if the frames are aligned by over- 
lapping reading). Similarly, asparagine 
and proline are generated from the 
AACCA sequence in the pro--pol 
HTLV-1 overlapping reading frame 
(where AAC is the 3' terminal codon 
of the frameshift signal); and proline 
is read in the -1 frame by CCA and 
asparagine in the 0 frame by either AA 
or AAC. Thus, these studies define the 
frameshift site, but do not demonstrate 
whether the different reading frames 
are aligned as a result of two out of 
three base reading (doublet decoding) 
or overlapping reading as originally 
proposed by Hizi et al.8. We will return 
to this question in a later section. 

Information present in RNA for frameshifting 
There are at least two types of 

information present in RNA which 
signal the frameshift event. One type is 
encoded in the heptanucleotide signal 
discussed above. As noted, muta- 
genesis studies show that only the seven 
nucleotide stretch is required at the 
frameshift sitelS,]~ for the shift to occur. 
This conclusion is supported by other 
studies in which efficient frameshifting 
is maintained when the codon immedi- 
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Figure 1 
Mechanisms of expression of retroviral pol and pro genes from a single gag-pro-pol trans- 
lational unit. The three known mechanisms are: (a) in-frame readthrough, (b) single 
frameshift and (c) double frameshift as illustrated in the figure for Moloney (Mo)-MuLV, HIV- 
1 and MMTV, respectively. The gag, pro and pol open reading frames are shown together 
with symbols for termination codons: e, UAG, A, UAA and V, UGA. The horizontal bars in 
bold represent the primary translational products (Pr) which are processed into smaller 
functional units as indicated. The protein nomenclature used is that of Leis et a1.11: 
Abbreviations are: rt, readthrough; fs, frameshift; MA, matrix; CA, capsid; NC, nucleocap- 
sid; PR, protease; RT, reverse transcriptase; and IN, integrase. Location of transframe pro- 
tein, TF, is shown within Pr165 gag~°~. The TF identified in MMTV at the gag-pro junction is 
p30. The numbers indicate the approximate molecular weight of the proteins. Arrows indi- 
cate the site of translation initiation. 

ately upstream (in the -1 frame) and 
that immediately downstream (in the 0 
frame) of the heptanucleotide frameshift 
signal in coronavirus infectious bron- 
chitis virus 0BV) are replaced with 
nonsense codons (i.e. the frameshift 
window consists of only a seven 
nucleotide stretch; S. lnglis, pets. 
commun.). 

The second type of information 
which has an important role in 
frameshifting is RNA secondary struc- 
ture. Stem-loop structures occur just 
downstream of the gag--pol and of the 
gag-pro and pro-pol retroviral frame- 
shift sitesTj3,~s,~a,~9 as well as just down- 

stream of the frameshift site in IBV20.21. 
In RSV, disruption of base pairings 
within the stem by generating specific 
stem-destabilizing mutations results 
in a decrease in frameshifting, while 
restoring these base pairings by gener- 
ating specific stem-restabilizing mu- 
tations rescues frameshifting~5. Deletion 
of certain bases further downstream 
of the stem-loop structure in IBV also 
inhibits frameshifting suggesting that 
many of these downstream bases 
interact with the stem-loop resulting 
in a tertiary structure known as a 
pseudoknot2L The occurrence and role 
of pseudoknots in retroviruses and in 
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Table I. Examples of franmshlft signals 

Frameshift signals Viruses a Location 

A AAA AAC BLV, HTLV-1 and -2, MMTV, STLV-1 gag-pro 
U UUA AAC 8LV, HTLV-1 and -2, STLV-1, IBV pro-#ol 
G GGA AAC MPMV, SRV-1 and -2 gag-pro 
A AAU UUU MPMV, SRV-1 and -2 pro--pol 
A AAU UUA RSV gag-pol 
U UUU UUA HIV-1 and -2, SIV gag-pol 
G GAU UUA MMTV pro-pol 

a Abbreviations: BLV, bovine leukemia virus; HTLV, human T-cell lymphotrophic virus; MMTV, mouse mam- 
mary tumour virus; STLV-1, simian T-cell leukemia virus; IBV, infectious bronchitis virus; MPMV, Mason- 
Pfizer monkey virus; SRV-1 and -2, simian acquired immunodeficiency virus syndrome (SAIDS, designated 
SRV); RSV, Rous sarcoma virus; HIV, human immunodeficiency virus; and SIV, simian immunodeficiency 
virus. References to viral sequences are given in Jacks et al. 15 and Hatfield et al. 28 

other RNA structures have been 
reviewed recently22.23. Examples of 
stem-loop structures are shown in Fig. 3. 

Location of the stem-loop structure 
relative to the frameshift site is also 
important since altering the distance 
between these two elements by as few 
as three nucleotides in either direction 
inhibits frameshifting2L Furthermore, 
the stem-loop structures are thermo- 
dynamically highly stable and their 
involvement in frameshifting is statis- 
tically relevant relative to other such 
configurations which may occur within 
several hundred nucleotides upstream 
or downstream of the frameshift 
site 24. It seems, therefore, that the 
ribosomal frameshift event requires a 
carefully positioned downstream stem- 
loop structure for efficient frameshifting 
which may function to pause trans- 
lation long enough for the shift to occur. 

HTLV-lpro-pol: ! 
P r o  L e u  As 
CCU UUA AACCA GAA 

P r o  G I u  

RSVgag-pol: ! 
T h r  A s n  Le 
ACA AAU UUAUA GGG 

l i e  G l y  

RSVgag.polmu~nt: 
T h r  A s n  Ph~ 
ACA AAU UUuUA GGG 

L e u  G I ¥  

Figure 2 
Sequence of the transframe protein at 
the frameshift site. Underlined letters 
show the frameshift signals; normal let- 
ters, the 0 reading frame; letters in ital- 
ics, the -1 reading frame; an arrow indi- 
cates the frameshift site and u signifies 
the site of the mutation. 

188 

Alignment of the different reading frames 
Mutations in the 3' base at the end of 

the heptanucleotide signal involving 
UUU or UUA codons do not inhibit 
frameshifting]s.~6. Since the sequence of 
the transframe peptide shows that the 
shift has to occur at the codon of which 
this is the third base, this suggests that 
the alignment must occur by doublet 
decoding. However, as sound as this 
argument may seem, the sequence of a 
transframe peptide generated from a 
frameshift signal containing a mutation 
in the 3' base demonstrates that the 
alignment occurs by overlapping 
reading. A single base change at the 3' 
end of the frameshift signal results in 
two new amino acids in the transframe 
protein. That is, alteration of the RSV 
UUAUA sequence, which codes for 
leucine (UUA) in the 0 frame and 
isoleucine (AUA) in the -1 frame, to 
UUUUA (where U represents the altered 
base which occurs at the 3' end of the 
frameshift signal) results in the 
occurrence of phenylalanine (UUU) and 
leucine (UUA) in the transframe 
proteinls (see Fig. 2). This observation 
demonstrates that the base at the 3' 
end of the frameshift signal must be 
read twice; once in the 0 frame and 
once in the -1 frame 8. Thus, alignment 
of the different reading frames occurs 
by overlapping reading of the 3' 
nucleotide at the end of the frameshift 
signal (Fig. 2). 

The simultaneous-slippage model of 
~meshlftlng 

The frameshift event involves trans- 
location of the aminoacyl-tRNA and the 
peptidyl-tRNA (which are present in the 
ribosomal A- and P-sites, respectively) 
by one nucleotide in the 5' direction. 
We do not know precisely the means by 

which the frameshift is carried out, but 
the simultaneous-slippage model pro- 
posed by Jacks et al.,s provides the 
best explanation of the frameshift event 
at present. In this model, the peptidyl- 
tRNA located in the P-site and the 
aminoacyl-tRNA located in the A-site 
are proposed to slip simultaneously by 
one base in the 5' direction resulting 
in both tRNAs misreading the 3' base 
or reading two out of three bases in the 
corresponding mRNA. The slippage 
prepares the ribosome to read the -1 
frame. In the next step, normal trans- 
fer of the growing polypeptide to the 
aminoacyl-tRNA and its translocation 
to the P-site would bring the first co- 
don in the -1 frame to the A-site. The 
-1 reading is then consummated with 
normal decoding of the A-site and 
transfer of the nascent peptide to the in- 
coming aminoacyl-tRNA. 

If the slippage model is correct, we 
would expect that the codon: anticodon 
interactions of tRNAs in the ribosomal 
A- and P-sites would not be altered 
significantly by the shift from the 0 
frame (the frame in which the tRNAs 
were decoded) to the -1 reading frame 
(the frame in which the tRNAs now 
have a new set of codons). Otherwise, 
the ribosome:codon:anticodon complex 
may be destabilized and fall apart. 
Within the heptanucleotide signal, the 
base in the 3' position of the upstream 
codon in the 0 frame (i.e. U, A or G) is 
identical to the bases in the first two 
positions of the downstream codon (i.e. 
UU, AA or GG, respectively; see 
columns A-C, Fig. 4). Thus, the shift to 
the new reading frame maintains similar 
codon:anticodon interactions provided 
the isoacceptors in the A- and P-sites 
misread the base in the 3' position of 
the codon or read only two out of three 
bases. It should be noted that two out 
of three base reading cannot be 
distinguished from misreading the 3' 
base of the codon in many cases. There 
is a direct relationship between pro- 
motion of frameshifting and misreading 
or reading two out of three bases, 
since the same tRNAs are involved 
in both processes (i.e. tRNAs that pro- 
mote frameshifting must then, after the 
frameshift event, misread the 3' base 
of the corresponding new set of codons). 
Interestingly, tRNAs which lack a 
modified base in their anticodon loop 
are known to promote frameshifting2s 
and, for that matter, misreading26.2L 
A recent analysis of the tRNA in HIV 
infected cells showed that most of the 
Phe-tRNA lacked the highly modified 
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G-C 
G-C 
A - T  
G -C  

HTLV-1 gag-pro G-C 
G-C 
G-C 
G-C 
G-C 
G~C 

5'. . . . .  C . AC~A~AAAAA~UCCAUA CA . . . . .  3 '  

HTLV-1 pro-pol  

5'. . . . .  C C ~ U ~ A G A A C  

U U  
C G 

A G 
C U 

A C 
A C 

C G 
G G 

U - A  
U - A  
C-G 
C-G 
G-C 
G-C 
A_U C 
C-G 
C-G 
U - A  
C-G 
C-G 
G-C 

AG . . . . .  3' 

BLV gag.pro 

5'. . . . .  u ~ A A A C ~ _ A A U A ~ A  

A C 
U G C C 
U C U C 

C-G G U 
AG_C A A 

G-  C MMTV gag-pro C - G 
G-C G-C 
G-C G-C 
G-C G-C 
G-C G-C 

AA . . . . .  3' 5', . . . .  U ~ U U G U A A A  GC . . . . .  3' 

Rgure 3 
The predicted RNA stem-loop structures which occur just downstream of the ribosomal 
frameshift sites in HTLV-114 and of the gag-pro ribosomal frameshift sites in BLV 19 and 
MMTV 12. The frameshift sites are boxed and the termination codons are underlined. 

Wye base in its anticodon loop, while 
in bovine leukemia virus (BLV) and 
HTLV-I infected cells most of the Asn- 
tRNA lacked the highly modified Q 
base in its anticodon loop 28. This study 
showed a correlation between the 
occurrence of hypomodified tRNAs in 
retroviral infected cells and their util- 
ization in translating codons within 
the respective frameshift signals. The 
lack of a hypermodified base in the 
anticodon loop of tRNA would create 
more space in and around the 
frameshift site and greater flexibility of 
movement of the tRNA anticodon would 
be expected in the absence of a highly 
modified base. Thus, decoding of a 
hypomodified tRNA at the frameshift 
site may be a requirement for 
promoting frameshifting28. 

Within the frameshift signals 
analysed to date, one exception to the 
occurrence of the same base in the 3' 
position and first two 5' positions of the 
upstream codons is the presence of an 
Asp codon (GAU) in the pro-pol 
frameshift signal of MMTV. A shift to the 
-1 reading frame would result in Asp- 
tRNA decoding GGA (a glycine codon) 
(column D, Fig. 4). Thus it would seem 
that, following the shift to the -1 
reading frame, mismatching between 
the middle and third positions of the 
codon, and the first and second 
positions of the corresponding Asp- 
tRNA anticodon are permitted provided 

the simultaneous-slippage model is 
correct. 

Conclusions 
Our knowledge of the frameshift 

event in vertebrate viruses has 
increased substantially since it was first 

Anticodon: 

- 1  frame: 
0 frame: 

- 1  frame: 
0 frame: 

- 1  frame: 
0 frame: 

demonstrated by Jacks and Varmus7 to 
be utilized in RSV as a means of aligning 
different reading frames. We now know 
that frameshifting in the -1 direction 
occurs by overlapping reading at the 3' 
terminal base within the frameshift 
signal. It is also apparent that a 
stem-loop structure, which occurs 
immediately downstream of the 
frameshift signal and which may also 
exist as a pseudoknot, is required for 
efficient frameshifting. 

There are several areas in retroviral 
frameshifting of which further study is 
required. We need to know more about 
the status of the tRNAs involved in this 
process. We also need to know more 
about how the frameshift occurs and 
the reason it occurs at only a moderate 
to low level. We need to know more 
about the role of the ribosome in this 
process and if a specific protein may be 
required to bring about frameshifting. 
Additionally, it is important to know if 
ribosomal frameshifting in the +1 
direction also occurs in higher eu- 
karyotes. A central question to resolve, 
however, is whether frameshifting 
in the -1 direction is a requirement of 
the host cell. If frameshifting is not 
required by the host, then the frame- 
shift event should provide a target 
for inhibiting expression of viruses 
utilizing this regulatory mechanism of 
gene expression in translation. 

A B C D 
Ribosomal 

sites: P A P A P A P A 

A A A  U IGGAIUUUtA 
A A C  A G I G A U I U U A I  

U U U  
U U A  

c !uuu uuu 
UlUUU UUA 

A AAA AAA 
A AAA AAC 

C 

u u u  
u UUA 

AAA 
A AAU 

GGG 
G GGA 

A A A  
A A C  

Rgure 4 
Bases read at the ribosomal A- and P-sites within the frameshift signal after the shift of the 
reading frame. The sequences shown represent a summary of the ribosomal frameshift 
signals determined in vertebrate viruses (see Fig. 1 and Refs 15 and 28). They are 
arranged in four classes (columns A-D) depending on the codon:anticodon interaction after 
the frameshift event as follows: Shift from the 0 to the -1 frame results in misreading, or 
reading two out of three bases (see text) in both the ribosomal A- and P-sites (A), just the 
A-site (B), or just the P-site (C); in column D, a shift to the -1 frame results in reading only 
one base in the P-site and two bases in the A-site by the standard Watson-Crick base pair- 
ings. Squip~ly lines show the nascent polypeptides attached to tRNAs in the P-sites; AA, 
the amino acid attached to tRNA in the A-site, and the dashed line, mismatching in 
codon:anticodon interactions between standard Watson-Crick base pairs. 
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15th International Congress of B!ochemistry: 
4-9 August 1991, Jerusalem Convention Centre, Israel 

This meeting will feature symposia and colloquia (in up to eight parallel sessions) 
covering the following major topics: 

Area I: The geaome 
Chromatin and nucleosome structure 
DNA replication and repair in prokaryotes 
DNA replication and repair in eukaryotes 
Gene rearrangement and amplification 
Genome organization and evolution 
Mapping of the human genome 

Area I1: Control of geae expression 
Regulation of gene expression 
RNA splicing, RNA enzymes and post-transcriptional 

processing 
Gene regulation in development 
Regulation of protein synthesis 

Area Ill: Oncolpmas, eacogeaasis and trophic factors 
Molecular mechanisms of oncogenesis 
Nuclear oncogeoes and tumor markers 
Growth factors and their receptors 

Area IV: Plant molecular biochemistry 
Mutagenesis and transposable elements of plant cells 
Plant gene regulation and expression 

Area V: Protein stn~tm and function 
Crystallographic protein structure determination 
Glycoprotein sugar chains in biological recognition 
Non-crystallographic protein structure determination and 

imaging 
Metaloproteins and metaloenzymes 
Glycolipids 

Area Vl: Enzymes, metabolic rel~latlon and tumover 
Protein dynamics and enzyme engineering 
Pharmacologically active peptides and protein protease 

inhibitors 
Protein turnover 
Multienzyme complexes 
Cytochrome P450 and drug metabolizing enzymes 

Area VII: Biomembranea and cytornatrlx 
Structure and function of cell surface receptors 
Cellular dynamics and their cytomatrix 
Control mechanism in phospholipid metabolism 
Membrane biogenesis, organization and function 
The extracenular matrix 
Covalent attachment by lipids to proteins 

Area VIii: Hocmeas 
Bioactive peptides 
Molecular basis of transmembrane signalling 
G proteins and second messengers 
Hormonal regulation of gene expression 

Area IX: Immunity fTOm molecules to cells 
T-cell receptors and antigen recognition 
Cytokines and lymphokines 
Cell stimulation via Fc receptor 

Area X: Bieanergetics 
Energy transduction in photosynthesis 
Mechanism of ion pumps 
Molecular biology of transport 
Structural and genetic adaption to extreme environment 

Area Xl: Motecu~ basis of disease 
Molecular biology of host pathogen interactions 
Genetic diseases and prospects of gene therapy 
Viral inlection and anti-viral drugs 

Area Xll: Nemcbomistry 
Neurochemical approaches to neuropsychiatric disorders 
Neurotransmitters and their release 
Receptors, ion channels and cellular function 
Molecular and cellular basis of neuronal plasticity 
Excitotoxicity of amino acids 
Nerve transplantation and regeneration 

Area Xlll: Biotechnology 
Applications of protein engineering in hiotechnology 
Biotechnology of plants 
Production and use of enzymes in biotechnology 
Food biotechnology and nutrition 

Area XIV: Biochemical education 

Plenary lectures will be given by P. Berg, Nobel Laureate (Stanford); T. L. Bluodell (London); A. Clarke (Melbourne); Y. Nishizuka (Kobe); B. Stackmann (Heidelberg) and R. T. N. Tijan 
(Berkeley). 
This meeting offers an unrivalled opportunity to hear leaders in the field and to participate in an international exchange of ideas and information, in a unique setting. Ample space has been 
reserved for poster sessions, and a commercial exhibition of scientific instruments, materials and books will als 9 be held. Registration fee: US$ 340.00 (early)AIS$ 390.00 (late). 
The First Circular and further information can be obtained from: ISth rUB Congress, PO Box 5006, Tel Aviv 61500, Israel. Tel: 972 3 654571. Fax: 972 3 655674. The Second Circular will be 
available in the fall of 1990. 
The following satellite meetings will take place at  a variety of locations: 1--3 A u p m t  Advances in regulation of ca rbohydra te  metabolism. I~3 August  Symposium 
on plant bioenergetics and  Ion translocation.  11-13 Aeqpst  The 3rd International Jerusalem Symposium of extracellular matrix macromomcmes.  
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