
3. S. J. BaKerand E. P. Reddy, Oncogene 12,l (3996); 
M. Teway and V. M. Dxlt, Curr Opn Genet. Dev. 6, 
39 (1 996). 

4. H. Hsu, J Xlong, D. V Goeddel, Cell 81, 495 (1 995) 
5. H. Hsu, H B. Shu, M. G. Pan, D. V. Goeade,ibid.84, 

299 (1 996) 
6. M. P. Boldn eta/ . ,  J. Biol. Chem. 270, 7795 (1995); 

A. M. Chlnnaiyan, K. O'Rourke, M Tenmi, V. M. 
Dlxit, Cell 81, 505 (1 995i; A. M. Ch nnaiyan etal. ,  J. 
6/01 Chem. 271, 4961 (1 996). 

7.  M. Rothe, S. C. Wong, W. J. Henze, D. V. Goeddel, 
Cell 78, 681 ( I  994). 

8. H. M Hu. K. O'Rourke. M. S Boguski, V. M. Dlxit. J. 
Biol. Chem. 269, 30069 (1 994); G. Moslalos et a / ,  
Cell80,389 (1995); T Sato, S. r e ,  J. C. Reed, FEES 
Lett. 358, 113 (1995); G. Cheng etal,  Science 267, 
1494 ( I  995); C. H. Regner et a/. ,  J. Biol. Chem. 270, 
25715 (1 995); H. Nakano et a/. ,  /bid. 271, 14661 
(1996); Z. Cao, J. Xiong, M. Takeuch, T. Kurama, D. 
V. Goeddel, Nature 383, 443 (1996). 

9. M. Rothe, V. Sarma, V. M. Dixlt, D V. Goeddel, 
Science 269, 1424 (1 995). 

10. B. Z. Stanger, P. Ledef, T. H. Lee, E. Klm, B. Seed, 
Cell 81, 513 (19951, H. Hsu, J, Huang, H. B. Shi, V. 
Baichwal, D V Goeddel, Immunity 4, 387 (1 996). 

11. V. Adler, A. Polotskaya, F. Wagner, A. S . Kraft, 
J. Biol. Chem. 267, 17001 (19921, M. H I ~ I ,  A. Lln, T. 
Smeal, A. Minden, M. Karin, Genes De8,~. 7, 2135 
(1993); J M. Kyriakis et a/. ,  Nature 369, 156 (1994); 
B. Derljard et a/. , Cell 76, 1025 (1 994). 

12. Z. Xla, M. Dickens, J. Raingeaud, R. J. Davis, M. E. 
Greenbera. Sclence 270. 1326 (1995): S. Estus et 
al., J CG 6/01. 127, 171 7 (1 9941, J Ham et a/. ,  
Neuron 14, 927 (1 995). 

13. M. Verhe,i et a/. ,  Nature 380, 75 (I 996); B. W. Zanke 
eta/ . ,  Curr Biol. 6, 606 (1 906). 

14. HA-p46SAPKy-pCDNA3 is a cytomegalov~rus (CMV) 
promoter-based expresson vector encoding a hem- 
aggutnn (HA)-tagged version of a 46-kD splice var- 
ant of SAPKy (1 1). TRAF expression vectors have 
been aescrbecl (3, 9). 293 cells were transfected by 
ca1cum phosphate coprecpitation with 8 k g  of pas- 
micl DNA Forty-eight hours after transfectlon, cells 
were ysea in RIPA buffer contaning 0.5 mM dltho- 
threlto (DTT), 20 mM p-glycerophosphate, 1 mM so- 
aium orthovanadate, 10 mM sodium fuorae, l mM 
phenylmethylsulfonyl fluoride, leupeptin (20 kg:ml), 
and aprotinin (20 kglml). Lysates were cleared by 
centr~fugat~on, and protein concentration was mea- 
sured by use of a commerc~al Braclford protein assay 
(Promega). Equal amounts of each ysate (usually 500 
kg) were Incubated on Ice w th  2 k g  of antbody to HA 
(12CA5, Boehringer) for 2 hours, Immune complexes 
were collected by proteln A-agarose for 25 min, 
washea three times wlth RIPA buffer contalning 20 
mM p-glycerophosphate, 1 mM sodium orthovana- 
date, and 0.5 mM DTT, and then washed once with 
kinase reaction buffer (KRB) 120 mM Hepes (pH 7.5), 
20 mM MgCl,, 20 mM p-glycerophosphate, 2 mM 
DTT, 100 k M  sodium orthovanaclate. 0.5 mM soa-  
um fluoride] Samples were finally resuspended with 
40 k l  of KRB containing 20 k M  adenosine 5 ' -  
trphosphate (ATP:, 2 5 KC; of [y3'PjATP, ana 2 k g  
of GST-c-Jun(1-141) and Incubated at 30°C for 20 
m n .  Reactonswerestopped byaadst~onof3x Laem- 
I sample buffer, samples were h o e d  ancl loaded on 
12.5% SDS-polyacrylamiae gels. After flxing and 
a ~ ~ i n g ,  gels were autoraaographed at -70°C. Ra- 
doactvity was quanttatecl with a Phosphorlmager. 
The amount of HA-SAPKy In each sample was ana- 
lyzed by protein immunobot on ~mmunoprec~p~tates 
of 150-kg samples. Only experments wlth compa- 
rable amounts of HA-SAPKy In each sample were 
taken into consicleraton. 

15. N. Yamauch et a/. . Cancer Res. 49. 1671 (1 989); R 
J. Zlmmermann. A. Chan. S. A. Leadon, ibid., p. 
1644; K. Schuze-Osthoff et a/. , J. Biol. Chem. 267. 
5317 (1992): K. Schulze-Osthoff, R. Baeyaert, V. 
Vanaevoorae, G. Haegerman. W. Fiers. EMBOJ. 12. 
3095 (19931, V. Goossens, J. Grooten, K DeVos, W. 
Fiers, Proc. h'atl Acad. SCI U.S.A. 92, 81 15 (1 995); 
P. Mehen, C.  Kretz-Remy, X. Prevle, A. P. Arrigo, 
EidBO J. 15, 2695 (1 996). 

16. R. Schreck, P. Rieber, P. A. Bauere, EMBO J 10, 
2247 (1 991). 

17. V. Adler, A Schaffer, J. K m ,  L. Dolan, Z. Ronai, 
J. 6/01. Chem. 270, 26071 (1995). 

18. M Yan etal. .  Nature 372. 798 i1994i: I .  Sanchez et , , 
a/.,  /bid , p. 794. 

19. G. N a t o  eta/ . ,  unpublished results. 
20. M. Muzio et a/. ,  Cell 85, 81 7 (1 996); M. P. Bocln, T. 

M .  Goncharov, Y. V. Goltsev, D. Walach, ibid., p. 
803; T. Fernandes-Anemri e ta / . ,  Proc, rblatl Acad. 
SCI. U.S.A. 93, 7464 (1 996) 

21. A. A. Beg and D. Baltimore, Science 274, 782 
(1996); C:Y. Wang, M. W. Mayo, A S. Badwin Jr., 
ibid., p. 784; D. J. Van Antwerp, S. J. Martin, T. Kafrl, 
D. R. Green, I .  M. Verma, ibid., p 787 

22. M. Hirano et a/. .  J. Blol. Chem. 271. 13234 i l996i:  C 
F. Meyer, X. Wang, C. Chang, D J. Tempeton,T H 
Tan, ib~d,  p. 8971 

23 I. Berberch et a/. ,  EidBO J. 14, 5338 (I 996). 
24 Z. G. Liu etal. , Cell 87, 565 (1 996) 
25. The P-galactosiaase expression vector pCDNA- 

HisacZ is from nvltrogen. HeLa cells (2.5 x 10" 
per plate) were seeded on a 35-mm plate. Three 
hours later cells were transfected by calcium phos- 
phate coprecipitaton wlth 6 k g  of total plasma 
DNA. Forty-eight hours after transfectlon, the cells 

were treated wlth hrTNF-a (1 000 U im l ,  Genzyme) 
~ 4 t h  or m/ithout ActD (50 nglml). After 12 hours the 
cells were flxed In 3% formadheyde-bufferea sa- 
n e  ana staned overnght wlth phosphate-buffered 
s a n e  containing X-Gal (0.4 mglml), 4 mM potassi- 
um ferricyanide, 4 mM potassium ferrocyande, 
and 4 mM MgCl,. Blue cells were visualzed by 
phase contrast microscopy; rouncl blue cells show- 
ing Intense blue staining and loss of adherence 
were conslderecl as apoptotic. Results are ex- 
pressed as the percentage of apoptotic blue cels 
among the total number of blue cells counted. 

26. We thank D V. Goeddel (TuIarlK, South San 
Francisco) for mTRAFI -pRK, mTRAF2-pRK, 
mTRAF2(87-501)-pRK, mFADD(80-205)-pRK, 
and mTRADD-pRK and for critcaly reading the 
manuscript. M. Karin 1s gratefully acknom/edged for 
provldlng GST-Jun(1-223) (SerE3 75+Ala) Sup- 
ported by the Assoclazione taliana Rlcerca sul 
Cancro (ARC), by the Cons igo Nazonae dele 
Rlcerche (ACRO Project), ancl by Fondazione An- 
drea Cesapino. 

29 August 1996; accepted 26 November 1996 

Regulation of Cell Cycle Synchronization 
by decapentaplegic During Drosophila 

Eye Development 
Andrea Penton, Scott B. Selleck, F. Michael Hoffmann* 

In the developing Drosophila eye, differentiation is coordinated with synchronized pro- 
gression through the cell cycle. Signaling mediated by the transforming growth factor- 
p-related gene decapentaplegic (dpp) was required for the synchronization of the cell 
cycle but not for cell fate specification. DPP may affect cell cycle synchronization by 
promoting cell cycle progression through the G,-M phases. This synchronization is 
critical for the precise assembly of the eye. 

T h e  Drosophiln eye has served as a model 
system for examining the molecular mech- 
anisms that govern the patterning and as- 
sembly of a cornulex tissue. The adult eve 
de\reldps from 'an epithelial monola\.kr 
known as the eye imaginal disc. Differenti- 
ation begins in the posterior end of the disc 
and progresses anteriorly, marked hy an in- 
dentation in the disc epithelium called the 
rnorphogenetic furrow (MF). Within the 
MF, unpatterned cells are induced to differ- 
entiate into the highlv ordered arrav of 

- 2  

retinal cells and nonneural accessory =ells 
that produce the 750 ommatidia of the 
adult eye ( 1 ,  2) .  Differentiated cells poste- 
rior to the MF express the signaling mole- 
cule hedgehog (HH),  which directs the an- 
terior advancement of the furrow ( 3 , 4 )  and 
induces the expression of DPP within the 
furrow. DPP mediates cell fate determina- 
tion in the developing wing and leg in 
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response to HH (5, 6). 
During the initial stages of sensory unit 

assembly in the MF, precursor cells exhibit 
synchronization of the cell division cycle (2, 
7). Anterior to the MF, cells divide random- 
ly, but iust ahead and within the h?F, cell , , 
divisions occur more coordinately. The first 
evidence of cell cvcle svnchronization is in- 
creased amounts df cyclin B (a) ,  a mitotic 
cyclin required for entry into mitosis (9). As 
cells enter late G2, cyclin B levels peak and 
cvclin B then degrades at the metaohase- - 
anaphase transition 111 mitosis. Loss of cyclin 
B and the appearance of mitotic figures mark 
coordination in the M phase (Fig. I ,  A 
through C).  After completion of mitosis, 
cells arrest in G, in the MF and transcription 
of dpp is activated (Fig. 1C). 

Cells respond to DPP through two type I 
receptors, thick zteins (tliz') or saxobhone (sax), 
and a type I1 receptor, punt (put) (10). Re- 
sponses to DPP are also attenuated hy muta- 
tions in the putative transcription factor 
schnuni (shn) (1 1 ) .  We examined whether 
DPP was necessary for cell fate soecification 
or cell cycle synchronization by ietermining 
whether cells defective for tku, sax, or shn 
showed abnormalities in cell division or dif- 
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ferentiation. Clones mutant for a null allele 
of eku that were anterior or posterior to the 
furrow had amounts of cyclin B that were 
indistinguishable from those in sut~~unding 
normal cells (Fig. 1, G through I). In con- 
trast, tkv clones that s~anned the MF main- 
tained cyclin B expression in the anterior 
part of the furrow even though the smound- 
ing cells arrested in G1 had no detectable 
cyclin B (Fig. 1, D through I). Clones defec- 
tive for sax and shn also showed disruption of 
cyclin B expression when the clone encom- 
passed the anterior half of the furrow (Fig. 2, 
A through F). Clones spanning the MF re- 
veal that cvclin B was finallv lost in the 
posterior region of the furrow', despite the 
absence of DPP sienaline. These clones had 

. condensed chrom&mei indicative of early 
stages in mitosis at the interface between the 
cyclin B-expressing and nonexpressing cells 
(Fig. 3, A and B). 

The expression of cyclii B in the mutant 
cells in the furrow could be interpreted as 
evidence that DPP inhibits progression 
through G1 in the furrow. In this case, cells in 
the clone might be expected to progress 
through GI and S and reenter G2, where they 
would again exhibit cyclin B expression. Fail- 
ure to arrest in G1 should produce a clone 
with patchy expression of cyclin B in the 
anterior half of the furrow as the asynchro- 
nously dividing cells continue through the 
cell cycle. However, cyclin B expression was 
continuous in the anterior part of the furrow 
in tku and sax clones in which we examined 
serial optical sections (Fig. 1, D through I, and 
Fig. 2, A through C). Furthermore, mitotic 
figures were not observed in clones in the 
anterior half of the MF, which suggests that 
the cells in the clones were not asynchronous- 
ly progressing through M and into a new cell 
cycle. The phenotype observed in the clones 
is similar to defects caused by mutations in the 
gene division a b n d y  delayed (dally), which 
is required for G2-M progression ahead of the 
furrow (8). Mutations in daUy and dpp display 
genetic interactions in development of-the 
eye, antennae, and genitalia, which suggests 
that dally augments dpp function (1 2). Regu- 
lation of cell division in the G7-M transition 

G 

occurs at several stages in Drosophila develop- 
ment, including in embryonic divisions (1 3), 
in the wing disc (14), and in the eye disc (4). 
The behavior of DPP-receptor mutant clones 
supports a role for DPP in controlling progres- 
sion through G2-M as a means of synchroniz- 
ing the divisions that accompany differentia- 
tion in the eye disc. 

We next examined whether this defect in 
synchronization affected patterning or differ- 
entiation of cells. For exam~le. mutations in . , 
roughex (w) prevent arrest in G,, cause cells 
to enter the S phase prematurely, and result 
in disruptions in cell cycle synchronization 
and differentiation (7). The assembly of om- 

Fyl. 1. Inappropriate ex- 
pression of cyclin B in the 
MF by cells lacking the 
dpp receptor tkv. Confo- 
cal images of third instar 
eye discs stained with an- 
tibody to cyclin B (anti-cy- 
clin B) and propidium io- 
dide (A and B), anti+-ga- 
lactosidase (anti+- 
and propidium iodide (C), 
or a n t i i l i n  B and anti- 
Myc (D through I) are 
shown (18). In this figure 
and subsequent figures, 
anterior is to the I& and 
posterior is to the right. 
The MF is visible in cross 
section (A) or in tangential 
sections [brackets in (B) 
through (I) and in Figs. 2 
and 31 as an indentation in 
the epithelium. The first 
mitotic domain is located 
anterior to the furrow, and 
cydin B staining (red) 

-- 

ends abruptly as &ls'finish mitosis and enter G, in the MF (A and B). Cyclin B staining resumes msterior to 
the furrow in domain 2 (A and B). Propidium iodide (gray) la& the nuclei, and mitotic figures that'are apically 
localized are seen as intensely stained nuclei located anterior to the MF in domain 1 Ileft arrowhead in (C)] or 
posterior to the MF in domain 2 [arrowheads in (A) through (C)] but never in the furrow. In (C), anti+-Gal 
staining of the dpp reporter line BS3.0 shows that DPP (arrow) is localized in the MF between domains 1 and 
2 (all arrowheads). Two independent tkv done5 are shown in (D) through (F) and (G) through (I). In (D) and (G), 
the dones are i den t i i  by loss (arrow) of anti-Myc staining (green), tkv mutant dones spanned the MF and 
inappropriately expressed cyclin B [white arrowhsad in (Q and (H)] in the anterior part of the furrow. (F) shows 
the merge of (D) and (E) and (I) shows the merge of (G) and (H). Cyclin B expression anterior (yellow arrowheadj 
or posterior (yellow arrow) to the furrow was unaltered in tkv clones (H and I). 

mutant for sax or shn. 
Discs were labeled with 
anti-Myc (A and D; green) 
and anti-cyclin B (B and 
E; red) as in Fig. 1 (18). 
(C) and (F) are merges 
of (A) and ( 4  and PI 
and (0, respectively. A 
sax clone [arrows in (A) 
and (C)] spanned the MF 
and inappropriately ex- 
pressed cyclin B in the 
anterior part of the furrow 
[arrowheads in (B) and 
(C)]. Three shnlB clones 
[arrows in (D) and (F)] 
were located within the 
MF. Cyclin B was visible 
as an island within the MF 
in 0 and (F) (mow- 
heads). Only the most 
anteriorly located cells of 
the two upper clones ex- 
pressed cyclin B; the bottom clone, which was slightly more posterior, had no cyclin B expression. 

matidia and the synchronization of the cell indicator of events that accompany omma- 
cycle within the furrow are accompanied by tidial assembly. Clones at the anterior edge 
changes in the position of nuclei within the of the furrow had cells with mislocalized 
epithelium (1, 15). We examined the psi- nuclei; they failed to reach the apical surface 
tion of nuclei in dcu, sax, and shn clones as an where mitosis normally takes place in do- 
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Fig. 3. Mitotic figures and mislocalized nuclei in tkv and shn clones. Third instar discs were triple-labeled 
with anti-Myc, anti-cyclin B, and propidium iodide as in Figs. 1 and 2 or with anti-Myc and anti-ATONAL. 
Clones are indicated by dashed yellow lines in (A) through (D), (G) and (H), and (J) and (K). Nuclei were 
mislocalized in tkv clones as cells began to enter the MF and were not visible in apical sections [arrow in 
(A) and (B)] . Mitotic figures were discernible in the MF within and slightly posterior to the ectopic cyclin 
B expression [arrowhead in (A) and (B)]. In tkv clones that were posterior to the MF, nuclei were 
underrepresented in apical sections (C) and overrepresented in basal sections (D). In shn clones [arrow 
in (E)] within the MF, condensed mitotic chromosomes were discernible in some regions that expressed 
ectopic cyclin B [arrowheads in (F) and (G)], but most of the remaining nuclei were not visible in apical 
focal planes [(G) and (H)]. In tkv clones (I), atonal expression was still present in the presumptive R8 cell 
(J and K), although apical sections revealed that the nuclei were mislocalized. 

Fig. 4. Defects in cell cycle progression and om- - 

matidial assembly caused by lack of DPP signal- 
ing. (A) hh is expressed in differentiated cells and 
activates dpp transcription in the MF. DPP may 
diffuse anteriorly and induce cells to enter M 
ahead of the furrow, possibly by modulating the - 
transcription or activity of a gene involved in G,-M 
progression. rux prevents cells in G, from enter- 
ing the S phase prematurely (7). (B) Tangential 
section of an adult eye that contained a tkv clone, 
identified by the lackof pigment cells (19). Normal 
ommatidia have eight photoreceptor cells, which 
contain rhabdomeres or rhodopsin-rich apical 
surfaces, seven of which are visible in each clus- 
ter in this section. The clone occurs in the middle 
of the eye along the dorsal-ventral midline or 
equator. In the clone, several ommatidia are 
missing photoreceptor cells (arrowheads). One 
ommatidia that consists of mostly wild-type tis- 
sue also contains abnormalities (arrow). 

0 1  

main 1 (Fig. 3, A and B). Nuclei were also 
mislocalized when the clone was within the 
MF and posterior to it (Fig. 3, C through H). 
Nuclei were underrepresented in apical sec- 
tions where mitotic figures are normally 
present (Fig. 3, A through C and G and H) 
and were overrepresented in basal sections 
(Fig. 3D). Although nuclei were mislocalized 
in these clones, cell fate specification was 
mostly unaffected, as revealed by the expres- 
sion of the HH-inducible gene atonal, a pro- 
neural gene required for retinal precursor cell 
8 (R8) determination (Fig. 3, I through K) 
(16), and of the antigen recognized by 
monoclonal antibody 22C10 (17). Because 
atonal expression was maintained in tko, 
clones, hh must not act through dpp to in- 
duce its expression, and thus dpp only medi- 
ates a subset of hh functions in the MF (Fig. 
4A). Tangential sections through adult eyes 
confirmed that some ommatidia were disor- 
ganized in tko, clones and lacked the full 
number of photoreceptor cells (Fig. dB). 
Therefore, DPP signaling in the MF appears 
to be required for cell cycle synchronization 
and the assembly of ommatidia but not for 
the specification of cell fate. 
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adult eyes were lnaoe as oescrbed [N. L. Brown. C. 
A. Sattler, D R. Markey. S B Carro . Detc1ounic;l; 
11 3. 12L5 (1 991 )] Ten clones vrere score- from SIX 

sectoneo eyes Seventy-o,ie onn ia toa ~ v t i  some 01. 
a ret~na cells mutant for ?k/ i a o  a normal conf~gura- 
ton of seven ret na  cells Th-ieen mutant oniniatioa 
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The interleukin-1 p (IL-1 P) converting enzyme (ICE) processes the inactive IL-10 pre- 
cursor to the proinflammatory cytokine. ICE was also shown to cleave the precursor of 
interferon-y inducing factor (IGIF) at the authentic processing site with high efficiency, 
thereby activating IGlF and facilitating its export. Lipopolysaccharide-activated ICE- 
deficient (ICE-I-) Kupffer cells synthesized the IGlF precursor but failed to process it into 
the active form. Interferon-y and IGlF were diminished in the sera of ICE-/- mice exposed 
to Propionibacterium acnes and lipopolysaccharide. The lack of multiple proinflamma- 
tory cytokines in ICE-/- mice may account for their protection from septic shock. 

ICE is a ll~einher of the growmg family of 
ICE-like c\-steine proteases (caspases) 1~1th a 
substrate specif~cit\- for aspartate (1 ) .  ICE 
(caspase-1) was idel~tlfied on the basis of its 
proteolytic activity for clear.ing the inactl-\-e 
IL-1 P precursor into the 17-kD ll1atui-e cyto- 
kine (2).  ICE-deficient mice are inlpaired in 
their production of lllature IL-lP (3),  which 
establishes the physiolog~cal role of ICE in 
the processilig and export of IL-1P. I11 con- 
trast to IL-1 p ~ i e f l c i e n t  mice (4) ,  ICE-: Illice 
also have less IL- la ,  tumor liecrosis factor-a 
(TNF-a ) ,  and IL-6 and are resistant to septic 
shock induced by el~dotoxill (3 ) )  which sug- 
gests that ICE may liar-e additiollal fill~ctiolls 
in the regulatioli of the immune system. 

IGIF, an -18-kD polypeptlde that stimu- 
lates production of interferon-y (IFN-y) by T 
cells (j), is synt11esi:ed as a polypeptlde pre- 
cursor (proIGIF) devoid of a conventional 
slgnal seclLlelice (6) .  The  precursor of IGIF is 
cleaved after Asp3' (6 ) )  which suggests that 
an aspartate-speclf~c protease may be in- 
volved. Two farnilles of vroteases with sub- 
strate specificity for aspartate have been iden- 
tified: these include the ICE familv ofc\;steine , , 

Froteases and granzyme B, a serlne protease 
involved in cytotox~c lymphocyte-medlat- 
ed cell killing and actlvatlon of ICE-like 
cvstelne rroteases 17, 8). Therefore, we 
in\-estigated whether one or n o r e  of the  
ICE-family proteases or grallzyllle B illay be 
involved in the processing of proIGIF and . . 
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idues that inactivate ICE and TX (11) 
blocked cleavage. C~expressioli with CPP32 
(caspase-3), a protease involved in pro- 
grammed cell death (apoptosis) (12), resulted 
in the cleavage of proIGIF Into a -14-kD 
polypept~de, ~vhereas CLIH-1 (caspase-i), a 
l io~l~olog of CPP32 (13), did not appreciably 
cleave proIGIF. Thus, ICE and TX could 
cleave proIGIF mto a polypeptide similar to 
the naturally occurrmg IGIF. 

We exalnlned the cleavage of proIGIF by 
these proteases in vitro with the use of puri- 
fled recombinant (His),-tagged proIGIF as 
a substrate (14).  ICE cleaved the 24-kD pro- 
IGIF into tnio polypeptides of -18 and -6 
kD (Fig. 1B). The  18-kD polypeptide comi- 
grated with recombiiiant mature IGIF upon 
SDS-polyacrylamide gel electroplioresis 
(PAGE) and coiitailied the same amllio acld 
residues (Asii-Phe-Gly-Arg-Leu) at its NH,- 
terminus as did the na t~~ra l ly  occurriiig mu- 
rille IGIF, indlcatliig that ICE cleaved pro- 
IGIF at the authentic processi~ig site (Asp3'- 
Asn3") (6) .  This cleavage was speclflc with a 
catalytic efficiel~cy (ki,JK ,,,, where K,,, 1s the 
blichaelis constant) of 1.4 X 19' hl-' s-' 
(K,,, = C.6 i C.l ~ b l :  kcat = 8.6 i C.3 s-l) 
(15) and was inhibited by the specific ICE 
inhlbltors Ac-Tyr-Val-Ala-Asp-aldehde (2 )  
and Cbz-Val-Ala-Asp-[(2,6-d~c11lorobe~i- 
:oyl)oxy]metliyl ketone (16) .  Recoillbiilant 
(His),-tagged hullla11 proIGIF was also 
cleaved by ICE with a siillilar specificity. 
Although proIGIF had no detectable IFN-y- 
~nducing activity, ICE-cleaved proIGIF nas 
acti1.e in inducing I ' d -y  production in T 
helper type 1 (T,,l) cells (Fig. 1C)  (17).  TX 
also cleaved proIGIF into polypeptides of 
similar size; however, its catalytic efficiency 
was about two orders of nlagl~itude lon-er than 
that of ICE. In a illalmer collsistellt with the 
observation from the C O S  cell experiments, 
CPP32 cleaved proIGIF at a different site 
(hsE."~Ile7')  and the resulting polypeptides 
had little IFN-y-inducing activity, whereas 
CMH-1 and granzyme B did not cleave €101- 
GIF. Thus, both 111 C O S  cells and 111 1-itro, 
ICE can process the inactive IGIF precursor 
at the authentic maturatioli site to generate 
the biologically actlve form of IGIF. 
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