
and ~~noccup ied  states with the  wave- f~~nc-  
tion overlap of the  tip and sample. A nar- 
row local density of states at the tip may 
also explain why these electron scattering 
pa t tuns  could be imaged in a topographic, 
rather than spectroscopic, mode. 
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Antagonistic Interactions Between Wingless and 
Decapentaplegic Responsible for Dorsal-Ventral 

Pattern in the Drosophila Leg 
William J. Brook and Stephen M. Cohen* 

Subdivision of the limb primordia of Drosophila into anterior and posterior compart- 
ments triggers cell interactions that pattern the legs and wings. A comparable com- 
partment-based mechanism is used to pattern the dorsal-ventral axis of the wing. 
Evidence is presented here for a mechanism based on cell interaction, rather than on 
compartment formation, that distinguishes dorsal from ventral in the leg. Mutual 
repression by Wingless and Decapentaplegic signaling systems generates a stable 
regulatory circuit by which each gene maintains its own expression in a spatially 
restricted domain. Compartment-independent patterning mechanisms may be used 
by other organisms during development. 

Short-range interactions between cells in 
adjacent compartments control growth and 
patterning in developing limbs [reviewed in 
(1 )]. T h e  secreted protein Hedgehog ( H H )  
1s expressed by cells of the posterior c o n -  
partlnent of the wing i~naginal disc and 
i n d ~ ~ c e s  expression of another secreted sig- 
nali11g lnolecule Decapentaplegic (DPP) in 
nearby anterior cells (2-5). DPP serves as a 
long-range signal that relays infor~nation 
from the anterior-posterior ( A P )  interac- 
tion to pattern the wing in a symmetric 
manner (4-8). A similar signal-relay system 
is used in the  leg disc, hut the situation is 
complicated by the fact that HH induces 
DPP expression in dorsal anterior cells 
while Wirgless ( W G )  and lower levels of 
DPP are induced in ventral anterior cells 
( 2 ,  9 )  (Fig. 1,  A and B). T h e  different 
interpretation of the HH signal in dorsal 

and ventral lee reelons reflect5 an  underlv- 
%, %, 

ing subdivision of the  leg disc into dorsal 
and ventral auadrants, in which DPP and 
WG play central roles in patterni~lg the leg 
( 1 ,  10).  T h e  distinction between dorsal and 
ventral fates in the  leg is rnade differentlv u 

from that in the developing wing. Expres- 
sion of the  selector gene allterous specifies 
the dorsal colnpartment of the wing ( I  I ,  
12).  Evidence for a comparable subdivisio~i 
of the lee into dorsal and ventral lineage 
compartments is not  cornpelli~lg (1 3) ,  rais- 
ing the  question of whether this distinction 
depends o n  a selector gene. 

WG activity specifies ventral cell fate in 
the leg. In larvae mutant for tug or for genes 
in the WG signal transduction pathway, 
ventral structures are lost and are replaced by 
a symmetric duplication of dorsal structures 
(1 0, 14-1 8). Furthermore, ectopic expres- 
sion of WG or activation of the WG signal 

European Molecular Biology Laboratory, Meyerhofstr transduction pathway in cells o n  the dorsal 
691 17 Hedeberg, Germany. side of the leg respecifies dorsal cells to ven- 

*To whom correspondence should be addressed, E-mail: tral fate and causes dorsal-ventral (D-V) axis 
scohen@emb-heldeberg.de duplication (9 ,  19-22). WG is expressed in a 

when Imaged w~ th  e~ther bare metal or C,,-ad- 
sorbed tps .  

15 D. Tomanek et a / . ,  Phys. Rev. B 35, 7790 (1987); S 
Gwo and C K Shh. ~ b ~ d .  47. 13059 (1 993) 

16 An adsorbate located In a hollow slte on graph~te 
would not give rise to an electron scatter~ng pattern 
because the scattered waves emanatng from each 
nearest 5-s te  atom would dffer n phase by 2~/3 
and would sum to zero (2). 

17 T. R. Ohno etal .  Phys. Rev. B 44, 13747 (1991). 
18 In f t e r~ng  a experlmenta Images we used a o w -  

pass f t e r  and a mages were acqured n an ambl- 
ent atmosphere. 

19. We thank P. Nordander and H. Rohrer for helpful 
dscuss~ons on the m a g ~ n g  mechan~sm. J W Ra- 
bala~s for valuable nput  on generating defects on 
graph~te, and H. A. M~zes for ns~gh t fu  comments 
and for provdng the f~gures from h s  o r ~ g n a  paper 
(2). Supported by the Natona Scence Foundaton 
(NSF), the Texas Advanced Technology Program. 
and the Robert A. Welch Foundaton. N.J H. IS a 
rec~pent of an NSF Young Investigator Award. 

1 A p r ~  1996, accepted 17 July 1996 

wedge of anterior cells adjacent to the A-P 
compartment boundary o n  the ventral side 
of the leg imaginal disc (Fig. I A )  (14,  16). 
ilpp is expressed in a stripe of anterior cells 
adjacent to the A-P boundary, but at higher 
levels in dorsal cells, which do not express 
WG (Fig. IB) (23, 24). W e  found that the 
pattern of dpp expression is altered in u f 3 /  
u~g"-' leg discs, which have reduced WG 
activity (25) (Fig. ID) .  Expression of a d p p -  
lacZ reporter gene is increased o n  the ventral 
side, resulting in a sy~nmetric pattern of ex- 
pression at a level equivalent to that o n  the 
dorsal side. Consistent with this pattern of 
DPP expression, larvae hon~ozygous for the 
wgC"' mutation develop legs that have dor- 
sal-dorsal sylninetry (10, 14). These results 
suggest that one f~lnction of WG in specify- 
ing ventral cell fate is to reduce the levels of 
dpp expression in ventral cells. 

DPP activity is required to specify dorsal 
cell fate in the leg. In  weak dpp mutants, 
dorsal structures are replaced by symmetri- 
cally duplicated ventral structures (1 0) .  W e  
found that reducing DPP activity in dppci6/ 
d p p L U 2  leg discs (26) alters the pattern of 
WG expression from its norlnal ventral do- 
main into a n  expanded dolllain along the 
dorsal ,A-P boundary (Fig. 1, ,A and C) (27).  
T h e  domain of ectopic WG expression cor- 
responds to the region of the disc that is 
transformed to ventral fate in this mutant 
(1 0) .  Thus, one f ~ ~ n c t i o n  of DPP is to repress 
WG expression in dorsal cells. This sugges- 
tion is supported by the recent observation 
that clones of cells mutant for Md, a com- 
ponent of the DPP signal transduction path- 
way, express WG when such clones are lo- 
cated o n  the dorsal side of the antenna1 disc 
near the ,A-P colnpartlnent boundary (28).  

Taken together, these results suggest that 
a n  i~nportant aspect of D-V fate specification 
involves mutual repression by the WG and 
DPP signaling systems. T o  f~lrther test this 
model, we aslced whether ectopic expression 
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of WG or DPP using the yeast Gal4 system 
(29) would affect expression of the other 
gene. Transgenic flies carrying a P element 
containing a wild-type wg cDNA under the 
control of a Gal4 resDonse element (UAS- - .  
wg) (30) were crossed to flies carrying the 
dpp-GAL4 P element, which express the 
Gal4 protein in the dpp pattern (22). Ex- 
pressing WG in the dpp domain reduces 
dorsal expression of the dpp-lac2 reporter to a 
level equivalent to that on the ventral side 
of the leg (Fig. IF). We noted that repres- 
sion of dpp by ectopic WG allows the 
expression of the endogenous wg gene in 
dorsal cells, as monitored by expression of 
a wg-lac2 reporter gene (Fig. 1E). This is 
analogous to the effect on WG expression 
caused by mutants with reduced dpp activ- 
ity (Fig. 1C) and confirms that one func- 
tion of DPP is to repress wg transcription 
in dorsal cells. Further confirmation was 

obtained by overexpression of DPP in its 
normal domain in larvae of genotype dpp- 
GAL41UAS-dpp. Overexpression of DPP re- 
presses WG expression in the ventral leg 
(Fig. lG),  indicating that the lower level 
of DPP normally found on the ventral side of 
the disc is not sufficient to repress WG but 
that increasing the concentration of DPP 
can do so. Reducing WG expression in ven- 
tral cells by overexpression of DPP leads to 
increased expression of the endogenous dpp 
gene, analogous to the effect of reducing 
WG activity in wg mutant discs (Fig. ID). 

To  assess the extent of D-V fate trans- 
formation in discs where WG or DPP were 
ectopically expressed, we examined the 
expression of two downstream target 
genes: optomotor-blind (umb) and HJ5. The 
omb gene encodes a predicted T-box pro- 
tein (31) that is expressed on the dorsal 
side of the leg disc (Fig. 2E). The domain 

Wild type r.ca" ,:q ' UAS lnfg oppGAL4 UAS-dop dppGAL4 

Fig. 1. WG and DPP repress each other's expression. All discs are oriented so that anterior is to the left 
and dorsal is to the top of the panel. (A) WG protein expression in a mature wild-type leg disc visualized 
by antibody staining. Mouse monoclonal antibody 4E6 was raised to a fragment of WG protein (47). WG 
expression is restricted to a ventral anterior wedge of cells and appears graded, with highest levels of 
expression in the center of the domain. (B) dpp-IacZ reporter gene expression visualized by X-Gal 
staining in a mature wild-type leg disc, dpp-lacZ expression is restricted to a relatively narrow stripe of 
anterior cells and is higher in the dorsal side of the disc, where WG is not expressed [compare with.(A)]. 
The dpp-IacZ domain is a relatively narrow stripe, whereas the WG domain is wedge-shaped. This 
difference is also apparent when a wg-IacZ reporter gene is assayed [compare with (E); see also (76)l. 
(C) Ectopic expression of WG protein on the dorsal side of a dppd6/dppd12 mutant leg disc. Expression 
is limited to the central region of the disc, which corresponds to the tarsal segments of the leg. In this 
mutant combination, the dorsal tarsal segments are transformed to ventral identity (70). (D) Ectopic 
expression of dpp-lad in wgU3/wga3 mutant leg discs. The level of dpp-IacZ expression in the ventral 
leg is equivalent to that on the dorsal side. In this mutant combination, ventral leg segments are 
transformed to dorsal identity (10, 76). WG protein is present at reduced levels, but in a normal spatial 
pattern in wga3 homozygous leg discs, suggesting that wgU3 is a hypomorphic allele for the leg (32). (E) 
Ectopic expression of WG in the dpp domain in UAS-wg/dppGAL4 leg discs activates the endogenous 
wg gene along the dorsal A-P boundary. Expression of the endogenous gene was distinguished from 
expression of the transgene with the use of a wg-ladenhancer-trap. (F) Ectopic expression'of WG in the 
dpp domain in UAS-wg/dppGAL4 leg discs represses dpp-IacZ reporter gene expression on the dorsal 
side, resulting in a level and pattern of expression resembling normal ventral expression. The resulting 
adult legs show ventral-ventral symmetry (see Fig. 4). Ectopic expression of DPP in the dpp domain [see 
(B)] of UAS-dpp/dppGAL4 leg discs represses WG expression (G) and activates dpp-IacZ to dorsal-like 
levels in ventral cells along the A-P boundary (H). UAS-dpp is described in (42). 

of omb expression is essentially coincident 
with the region of high dpp expression in 
the dorsal side of the leg (Fig. 2F) and 
depends on dpp activity (32). omb is also 
regulated by DPP in the wing (7, 8, 33). 
H15 is an enhancer-trap that expresses 
lac2 in the ventral side of the disc (Fig. 
2A) (34). HJ5 expression is centered on 
the WG domain but is broader (Fig. 2B), 
suggesting that H15 is a target for regula- 
tion by WG. H15 is activated by ectopic 
WG expression (Fig. 2C) and in clones 
lacking the activity of shaggylzeste-white3 
kinase, a negative regulator of the WG 
pathway (22). shaggylzeste-white3 mutant 
cells assume ventral fate regardless of their 
location in the leg disc (21); thus, HJ5 
expression is correlated with ventral fate. 
HJ5 encodes a predicted T-box protein 
closely related to OMB (34). 

Both omb and HJ5 serve as molecular 
markers to assess the positive readout of WG 
and DPP signaling. We found that when 
WG is ectopically expressed in dorsal cells, 
H15 is ectopically expressed (Fig. 2C) and 
omb is repressed (Fig. 2G), indicating that 
the discs have ventral-ventral symmetry. Ec- 
topic DPP expression has the reciprocal ef- 
fect. Ventral expression of HJ5 is repressed 
(Fig. 2D) and is replaced by omb expression 
(Fig. 2H), indicating that the discs have 
dorsal-dorsal symmetry. These results indi- 
cate that WG and DPP specify ventral and 
dorsal fate through the activation of region- 
specific target genes in addition to repress- 
ing each other's expression. 

In this study, the use of a UAS-wg con- 
struct expressing the wild-type WG protein 
allowed us to respecify dorsal cells to ventral 
fate. This result contrasts with a previous 
report in which equivalent ectopic expres- 
sion of a temperature-sensitive mutant form 
of WG failed to respecify dorsal cell fate or 
to ectopically activate HJ5 in the dorsal- 
most cells of the imaginal disc [ U A S - W ~ ' ~ " ~  
(22)]. This observation taken together with 
our data indicates that, even at the permis- 
sive temperature, wg'L"4 mutant protein 
does not have normal WG activity, despite 
the high levels of WG antigen produced. 
The difference between WG and WGJL1J4 
suggests that low levels of WG activity are 
not sufficient to specify ventral fate in the 
presence of DPP (and by inference, to re- 
press DPP expression). We confirmed this 
suggestion using an ActSC>wg transgene to 
produce a uniform low level of WG expres- 
sion ( 19). This low level of wild-type WG is 
sufficient to induce D-V axis bifurcation but 
is at the limit of detection by antibody stain- 
ing ( 19). ActSC>wg expression directs HJ5 
expression throughout the leg disc except in 
cells close to the dorsal A-P boundary, 
where DPP is expressed (Fig. 3, A and B). 
To ask if the spatial limitation on HJ5 
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Fig. 2. Ectopic expression of DPP and WG results in re- 
ciprocal fate transformations in the D-V axis. All discs are 
oriented so that anterior is to the left and dorsal is to the top 
of the panel. (A) H15-lad is expressed in the ventral leg 
disc (33). (B) Double immunofluorescent labeling shows 
that the H75-lacZ domain is centered on the domain of 
highest WG expression. H15-lad [antiip-galactosidase 
(antiip-Gal): green]; anti-WG (red). (C) Expression of H15- 
l a d  on the dorsal side of a UAS-wg/dppGAL4 disc. Ex- 
pression is symmetric on dorsal and ventral sides. Note 
also that this disc shows partial axis bifurcation in the tar- 
sus. (D) H75 lacZ expression is repressed in ventral cells 
when DPP is overexpressed in UAS-dpp/dppGAL4 discs. 
(E) omb-lacZ is expressed in dorsal cells (33). (F) Double 
immunofluorescent labeling shows that the omb domain is 
essentially coincident with the domain of dpp-lacZ expres- 
sion. omb expression (green) was detected with an omb- 
GAL4 enhancer-trap insertion to direct expression of a 
UAS-GFP transgene, as described in (8). dpp-ladexpres- 
sion (red) was detected by anti-p-Gal. Although omb ex- 
pression is dpp-dependent in the leg, omb is not activated 
nonautonomously in a broad domain as in the wing (7, 8). 
(G) omb expression is repressed on the dorsal disc of a UAS 
bifurcation in the tarsus. Partial axis bifurcation was observed 
of a UAS-dpp/dppGAL4 disc. 

-wg/dppGAL4 disc. The tarsus is slightly elongated along the D-V axis, reflecting a partial 
in half of the discs treated in this way. (H) Ectopic omb expression directed on the ventral 

Fig. 3. DPP antagonizes and DPP cannot affect each other's expres- 
the ability of WG to direct sion in this experiment because both are 
H75 expression. All under Gal4 control. 
discs are oriented so Our results suggest that the distinction 
that anterior is to the left 
and dorsal is to the top of 

between dorsal and ventral fates i s  main- 

the panel. (A and B) 
"' tained through mutual repression by DPP 

H 1Ci-lacZ expression and WG. Expression of WG and DPP in 

(blue). The elevated level their normal domains depends o n  the HH 
of Patched (PTC) ex- signal (2). However, ectopic HH expression 
pression (brown) marks can direct WG in all  ventral anterior cells 
the position of the A-P and DPP in all  dorsal anterior cells (2). This 
compartment boundary finding indicates that cells that are not  
(43). A wild-type leg disc 

lo 
likely to be within range of the WG or DPP 

is shown in (A), and a leg signals have a different capacity to respond 
disc in which WG is ex- 
pressed at low levels in to HH, depending o n  whether they are 

all cells (43) is shown in dorsal or ventral, and suggests that dorsal 

(B). Note that H15 ex- and ventral cells are preprogrammed to re- 
pression is expanded WG spond differently to HH. A possible expla- 
into the dorsal side of the + nation for this apparent preprogramming 
disc but is excluded from might be subdivision into compartments by 
a stripe centered on the a selector gene; however, clonal analysis 
A-P boundary (arrow), does not  provide strong support for a D-V 
corresponding to the re- compartmental subdivision o f  the leg (13). 
gion where DPP is ex- - 
pressed. (C and D) T o  address the genetic basis for the pre- 

Misexpression of WG under control of the GAL30A driver. WG protein is ectopically expressed in a patch programmed we asked how the 

of dorsal cells in the femur (arrow), and in the dorsal 5th tarsal segment (arrowhead). WG expression is express DPP Or WG in a 

shown in (C), and WG expression plus H15-lad is shown in (D). Note that H15-lacZ is expressed in cell is determined. Clones of cells mutant 
dorsal cells in the tarsus and near the patch of WG expression in the dorsal femur. HIS-lacz expression for pka behave as though they have received 
is stronger in cells located on the side of the WG patch away from the A-P boundary. (E and F) the HH signal (35-38). pka mutant cells 
Misexpression of WG and DPP together under GAL30A control. The pattern of ectopic WG expression express dpp in the dorsal leg and wg in the 
in (E) is the same as that in (C), but expression of the endogenous gene has been partly repressed by the ventral leg. Clones of cells in the dorsal leg 
ectopic DPP. Note that very low levels of WG are sufficient to activate H15-IacZexpression [see (B); the antenna that are simultaneously mutant 
level of WG produced by the Act5C>wg transgene is almost undetectable by antibody staining]. for p~ and dpp  can express WG ( F ~ ~ .  4). 
Though reduced, the level of ventral WG is still sufficient to direct H15-lacZ expression. In (F), co- This result suggests that the ability of a misexpression of DPP and WG prevents WG from activating H15-lad expression (43). 

dorsal cell to express dpp determines wheth- 
er i t  wi l l  respond to the HH signal by 

expression in these two experiments is due H15 is expressed in nearby cells (Fig. 3, C expressing dpp or wg. A similar conclusion is 
to DPP activity, we tested whether DPP and D). Simultaneous misexpression of DPP suggested by the finding that clones mutant 
could block the ability of WG to activate and WG blocks the ability of WG to acti- for wg and pka and located in the ventral 
H15 when both proteins are expressed to- vate H15, even though WG is abundantly anterior leg occasionally produce bifurca- 
gether. When WG is misexpressed alone, expressed (Fig. 3, E and F). Note that WG tions (36). This differs from single-mutant 

SCIENCE VOL. 273 6 SEPTEMBER 1996 1375 

axis 
side 



Fig. 4. WG can be ex- 
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Purification and Molecular Cloning 
of Plxl , a Cdc25-Regulatory Kinase 

from Xenopus Egg Extracts 
Akiko Kumagai and William G. Dunphy 

Cdc2, the cyclin-dependent kinase that controls mitosis, is negatively regulated by 
phosphorylation on its threonine-14 and tyrosine-1 5 residues. Cdc25, the phosphatase 
that dephosphorylates both of these residues, undergoes activation and phosphorylation 
by multiple kinases at mitosis. Plxl, a kinase that associates with and phosphorylates 
the amino-terminal domain of Cdc25, was purified extensively from Xenopus egg ex- 
tracts. Cloning of its complementary DNA revealed that Plxl is related to the Polo family 
of protein kinases. Recombinant Plxl phosphorylated Cdc25 and stimulated its activity 
in a purified system. Cdc25 phosphorylated by Plxl reacted strongly with MPM-2, a 
monoclonal antibody to mitotic phosphoproteins. These studies indicate that Plxl may 
participate in control of mitotic progression. 

I n  dividing eukaryotic cells, the entry into 
mitosis is governed by M phase-promoting 
factor (MPF). MPF, which consists of the 
Cdc2 protein kinase and cyclin B, acts by 
phosphorylating substrates that are essential 
for the execution of mitotic processes (1 ). 
Before mitosis, the activity of Cdc2-cyclin 
B is suppressed through phosphorylation of 
its Thr14 and Tyr15 residues by the Wee1 
and Mytl kinases (2). Cdc25, a dual-spec- 
ificity phosphatase that dephosphorylates 
both Thr14 and Tyr15, has a pivotal role in 
the cell cycle by activating Cdc2 at the 
G2-M boundary (3, 4). In higher eu- 
karyotes, there are at least three members of 
the Cdc25 family (A, B, and C )  that appear 
to act at different points in the cell cycle 
(5), but presently the role of Cdc25C in the 
G2-M transition is best understood. 

In Xenopus, Cdc25C (Xcdc25) under- 
goes extensive phosphorylation of its NH2- 
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terminal regulatory domain at mitosis (3, 
4). This phosphorylation strongly stimu- 
lates the Cdc2-specific phosphatase activity 
of Cdc25 and conceivablv could have addi- 
tional roles in its localization or stability. 
The NH2-terminal region of Xcdc25, like 
that of Cdc25 proteins in other species, is 
rich in Ser-Pro and Thr-Pro motifs, which 
constitute part of the consensus recognition 
site for Cdc2 and other cell cycle-regulated 
kinases (1 ). Although Cdc2 appears to par- 
ticipate in the regulation of Xcdc25, there is 
at least one other mitotic kinase that phos- 
phorylates Xcdc25 (6, 7). In principle, this 
kinase or kinases could act uDstream of 
Cdc2 to trigger its activation. Alternative- 
Iv. it could act downstream of Cdc2 and 
thereby facilitate the progression through 
and eventual exit from mitosis. 

One clue about the identity of this 
Xcdc25-specific kinase is that the phospho- 
rylated form of Xcdc25 found at mitosis 
interacts strongly with the MPM-2 anti- 
body (8). The MPM-2 antibody binds to a 

phosphopeptide epitope present in various 
mitotic phosphoproteins, including other 
regulators of mitosis such as Weel, Mytl, 
NimA, and the anaphase-promoting com- 
plex (2, 9). Thus, one or more kinases that 
phosphorylate the MPM-2 epitope are most 
likely to participate in mitotic control (10). 

A major Xcdc25-specific kinase distinct 
from Cdc2-cvclin B (7) associated with . . 
exogenously added recombinant Xcdc25 in 
M-phase egg extracts from Xenopw. This 
kinase bound well to a histidine-tagged fu- 
sion protein containing the NH,-terminal 
domain of Xcdc25 (His6-Xcdc25-N, resi- 
dues 1 to 264) (1 1). We used a His6- 
Xcdc25-N affinity column and several con- 
ventional chromatographic steps (Superdex 
200, phosphocellulose, and Mono Q) to 
enrich this Cdc25-specific kinase activity 
approximately 2500-fold (Table 1) (12). 
Upon separation of this highly enriched 
fraction in a sucrose density gradient, a 
67-kD polypeptide (p67) comigrated closely 
with the kinase activity (Fig. 1) (13). We 
isolated several micrograms of p67 and se- 
quenced four of its tryptic peptides (14). 
Polvmerase chain reaction (PCR)   rimers . L 

designed for two of these pep;ides were used 
to amplify an 850-base pair (bp) segment 
of the cDNA encoding p67 (15). This frag- 
ment was used to isolate a full-length 2.4 kb 
cDNA encoding an open reading frame 
that contains all four tryptic peptide se- 
quences (Fig. 2) (1 6). The complete amino 
acid sequence indicates that p67 is a typical 
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Fig. 1. Purification of a mitotic kinase that phos- 
phorylates the NH,-terminal domain of Xcdc25. 
(A) A cytosol fraction from an M-phase egg extract 
that had been eluted from a His6-Xcdc25-N aga- 
rose column (lane a) was subjected to chromatog- 
raphy on Superdex 200 (lane b), phosphocellu- 
lose (lane c), and Mono Q (lane d). The Mono Q 
fraction was separated in a sucrose gradient. 
Fractions from the columns and sucrose gradient 
(lanes 1 through 12, bottom to top) were subject- 
ed to SDS gel electrophoresis and silver staining. 
(8) Xcdc25-specific kinase activity of the sucrose 
gradient fractions. 
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