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Susceptibility to Leishmania major l n fection in (+I-)* and wi ld- tw (+I+) mice we- 
detected by polymerase chain reaction In terleukin-4-Deficient Mice (PCR) amplification of tail DNA (Fig. 1 ~ ) .  

Nancy Noben-Trauth,* Pascale Kropf,* Ingrid Muller-l- 
The naiv; IL-4 mutant BALBlc mice did 
not display an overtly abnormal phenotype, 
and ly~phocyte  composition a id  function 

Interleukin-4 (IL-4), a pleiotropic cytokine, is a major regulator of the immune system and were comparable with wild-type littermates. 
is considered crucial for the development of T helper cell type 2 (TH2) responses. The Spleens from na'ive IL-4+/+ and IL-4-/- 
susceptibility of BALBlc mice to infection with Leishmania major has been associated with mice contained comparable numbers of 
a polarized TH2 response and an inability to down-modulate 11-4 production. The role of CD3+, CD4+, and CD8+ cells, and lym- 
IL-4 in vivo was examined directly by disrupting the IL-4 gene in BALBlc embryonic stem phocytes from IL-4-I- mice secreted similar 
cells. Despite the absence of IL-4, the genetically pure BALBlc mutant mice remained amounts of the TH2 cytokine IL-5, but re- 
susceptible to L. major infection, showed no signs of lesion healing or parasite clearance, duced amounts of IL-10 and no IL-4 after 
and did not switch to a TH1 phenotype. stimulation with monoclonal antibody 

(mAb) to CD3 (anti-CD3) in vitro (Fig. 
1B). In contrast, a defective TH2 cytokine 
response in other IL-4-targeted mice has 

Infection of mice with Leishmania major is ly derived BALB/c embryonic stem (ES) been reported (8). These discrepancies may 
widely used as a model to study the differ- cell line (6). Other IL-+deficient strains be due to differences in stimulation proto- 
ential development of CD4+ T helper cell (7, 8) contain genetic contributions from cols or the mouse strains used. 
subsets (TH1 and TH2) in vivo. Polarized the 129 inbred strain, which is resistant to The susceptibility of BALB/c mice to L. 
TH1 or TH2 responses mediate healing or L. major infection (9). The use of IL-4- major infection has been correlated with a 
progressive disease in genetically resistant deficient mice of mixed susceptible and re- strong IL-+dominated TH2 response that 
or susceptible strains of mice (1 ). Suscepti- sistant genetic backgrounds has led to con- concomitantly down-regulates the poten- 
bility to infection is correlated with the flicting interpretations of the role of IL-4 in tially protective IFN-y-dependent TH1 re- 
expansion of IL-4-producing T,2 cells, murine acquired immunodeficiency syn- sponse, resulting in a poor cell-mediated 
whereas the expansion of interferon y drome (AIDS) infection (10). The use of immune response and an inability to acti- 
(IFN-y)-producing TH1 cells in resistant the BALB/c ES cell line to generate genet- vate macrophages to kill the intracellular 
strains of mice results in control of the ically pure BALB/c mice was required be- parasites. Therefore, we expected the IL-4- 
infection (2, 3). Cytokines released by one cause the loci for susceptibility to leishman- deficient BALBIc mutant mice to control 
T helper cell subset cross-regulate the de- iasis (Scll), for IL-12p40 (1112b), and for infection; however, infection with L. major 
velopment of the other subset: TH2 cells inducible nitric oxide synthase (Nos2) are resulted in the development of pronounced 
suppress TH1 cells by secreting IL-4, where- linked to the IL-4 structural gene (114) on cutaneous lesions in all groups (-I-, +/-, 
as IFN-y inhibits TH2 cell expansion (4). chromosome 11 (1 1 ). and +I+) (Fig. 2A). Lesions began to open 
BALB/c mice are highly susceptible to L. BALB/c mice defective in IL-4 expres- and ulcerate in the fifth week after infec- 
major infection: They develop progressive sion were generated as described (6). IL-4 tion in all groups. At the same time, the 
cutaneous leishmaniasis and fail to control homozygous mutant (-I-), heterozygous lesions of control-infected, genetically re- 
the replication of the intracellular parasites. 
O n  the basis of ample published evidence Fig. ,. anal- A 
(3, 5), IL-4 is considered to be a crucial ysls of naj.ve Il-4-defi- 

B 
-1- +/- +/+ 
r = - ~ -  - c~tokine for the development of TH2 re- cient BALB/C mice. (A) 1315+ - 1 = 4000 300 

sponses and the susceptibility of BALB/c PCR screening of IL-4- E s. E 
mice to infection with L. major; thus, it is targeted mice. Offspring I P 200 2 
thought that the inability of BALBIc mice from IL-4 heterozygous 
to control L. major infection is due to their matings were screened 175- - - ,  2 100 

: 
-- - 

failure to down-regulate IL-4 production the presence Of the 

during infection (3). IL-+deficient targeted by PCR 
amplification of tail genomic DNA (26). Num- 6000 

BALB1c mice were therefore 
hers at left indicate base pairs, (B) Lympho- = 2000 

E 5 
the function of IL-4 during the course of L. cyte composition in w,d.lpe (+,+, and IL.4 a, 4000 . E 
major infection. targeted BALB/c mice (-/-) and cytokine se- ; 2. 

1000 p The IL-4 mutant mice used in the cretion of na'ive cells after polyclonal stimula- 2000 
present study were generated from a recent- tion. Na'ive spleen cells from both groups of iZ 

mice were analyzed for CD3, CD4, and CD8 
0 0 
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sistant C57BL/6 mice started to decline 
(12) .  T h e  development of nonhealing le- 
sions in all groups of IL-4-deficient mutant 
mice indicates that IL-4 is not the exclusive 
determining factor in the nonhealing dis- 
ease in BALB/c mice. Furthermore, the ab- 
sence of IL-4 did not result in a more effi- 
cient killing of the obligate intracellular par- 
asites because u~lcontrolled replication of L. 
major occurred in all BALB/c groups (Fig. 
2B). Thus, the  data obtained in mice with a 
genetic deletion of IL-4 fail to support a 
simple causal relation between IL-4 and sus- 
ceptibility to L, major infection in BALB/c 
mice. This contrasts with findings s h o ~ v i ~ ~ g  
that depletion of IL-4 with neutralizi~lg 
rnhb  to IL-4 (1  1B11) induces healing of the  
lesions and the  development of a TH1 re- 
sponse in BALBlc mice. Comparison of L. 
mujor infection in the two types of IL-4- 
deficient BALB/c mice confirmed that IL-4 
depletion by anti-IL-4 strongly reduced the 
lesion size and the parasite burden (1  1 X 106 
compared with 7 X lo3 L. major parasites 
per lesion) (Fig. 2C) ,  whereas injection of 
the same dose of neutralizing anti-IL-4 into 
IL-4-I- mice neither reduced the lesion size 
nor the parasite multiplication (2.5 X 106 
compared with 4.6 x 10"arasites per le- 
sion) (Fig. 2C). 

Cytokines control the  class of immuno- 
globulin (Ig) expressed by B cells, and the  
role of IL-4 in the  i l ~ d ~ c t i o n  of Ig class 
switch recombination is generally accepted. 
This raises the question of whether Ig class 
switching to IgGl  and IgE is impaired in 
vivo in -1- mice. T h e  absence of IL-4 in 
BALB/c mice clearly resulted in reduced 
serum concentrations of IgGl  and IgE in 
infected mutant mice (Fig. 3 A ) .  These data 
co~lfirm the  importance of IL-4 for these Ig 
class switches in vivo (7, 8 ,  13).  Alterna- 
tive pathways for IgE class switching can he 
triggered in IL-4-deficient mice (1 4); how- 
ever, the strong reduction of IgGl  and IgE 
in L, major-infected -1- mice indicates 
that these activities of IL-4 are not  com- 
pletely compensated for by other cytokines 
in vivo. 

T h e  analysis of the  L, major-specific cy- 
tokine production revealed neither a signif- 
icant increase in antigen-induced IFN-y se- 
cretion nor a consistent reduction of TH2 
cytokines during the  course of infection of 
+/+ and -1- mice. Lymph node (LN)  
cells from L. major-infected IL-qfl- 
BALB/c mice co~lsistently produced 58 to 
82% less IL-4 than those from infected 
IL-4-!- mice. A similar tendency was ob- 
served in the spleen cells (12).  LN cells 
from anti-IL-&treated, infected wild-type 
mice displayed 59 days after infection a n  
IFN-y response 3.1 times that in -/- mice 
and drastically reduced IL-4 concentrations 
(Fig. 3B). T h e  unaltered concentrations of 
IL-10 (2500 pg/ml in -1- mice and 2150 
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Fig. 2. L-4-deficient BALB/c mice remain C 

susceptible to L. major infection: They fail 8 .- 
ln 

to resolve the cutaneous lesion, are unable 100 g 
.- 

to restrict the multiplication of the intracel- U) - 
lular parasites in vivo, and their susceptibil- al 

ity is not overcome by administration of 50 2 
IL-4 mAb. (A) Groups of IL-4+'+ (open cir- 8 
cles), I L - 4 + /  (hatched squares), and IL- d 
4-/- (black squares) BALB/c mice (n = 7 0  S 
to 12) were infected. and lesion develop- 3 ? 3 -t 
ment was monitored (28). (B) At different .- =! .- .- 4 

" " " .- 
times after infection, two m~ce  from each + 

group were used to determine the number u I I I 
of living L. major in the infected footpads by 
a parasite limiting-dilution assay (28). There was no significant difference in the parasite load between the 
three groups (P = 0.5591, analysis of variance). The development of lesions and the parasite load were 
determined in three experiments, data from one course of infection are shown. IL-4+11 open bars; 
L-4-'- hatched bars; IL-4-/- black bars. (C) A total of 10 mg of IL-4 mAb (1 181 1) was injected 
intraperitonealy on day 2 and day 1 before infection of BALB/c wild-type and L - 4 - I -  mice with L. major 
promastigotes, and the effect of this treatment on the parasite load (left panel) and on the lesion size (right 
panel) in the four different groups of mice was determined 59 days after infection. 

4 IgG1 IgG2a 

8  4 8  4 8  
Weeks afler infection 

Fig. 3. Serum antibody concentrations and the cytokine profile in L. major-infected wild-type and 
L-4-deficient BALB/c mice during the course of cutaneous leishmaniasis, and direct comparison of the 
effects of anti-L-4 on cytokine secretion. (A) Serum antibody concentrations were determined in L. 
major-infected wild-type (open bars) and IL-4-deficient BALB/c (black bars) mice (29). (B) Mice were 
treated as described in Fig. 2C, and the effects of anti-IL-4 administration on cytokine secretion by 
poplitea lymph node (LN) cells from L. major-infected BALB/c wild-type and I L - 4 - :  mice were deter- 
mined 59 days after infection (29). T,2 cytokine release by LN and spleen cells from anti-IL-4-treated and 
untreated mice was due to CD4- T cells, because treatment with CD4 mAb and complement abrogated 
the response (12). 

pg/ml in +/+ mice treated with anti-IL-4) 
at 59 days after infection indicate that an- 
tigen-specific T,2 cytokine secretion is not  
impaired in the  absence of IL-4. IL-10 and 
transforming growth factor-p (TGF-P)  can 
down-regulate T H 1  effector functions and 
cell-mediated immunity (5, 15), thereby 
interfering with the  efficient activation of 
the nitric oxide pathway, which is necessary 
for parasite elimination (1 6). 

Direct analysis of cytokine transcripts by 
reverse transcriptase PCR of LN R N A  from 

mice 4 and 8 weeks after infection con- 
firmed the lack of IL-4 mRNA and showed 
n o  compensatory increases in IL-13 tran- 
scripts in the mutant mice (Fig. 4A) .  Small 
amounts of IL-5 transcripts were detected 
only in the  day 27 IL-4-!+ LN cells after 
longer exposure of the  autoradiogram. Anti- 
IL-+treated BALB/c mice did show a sig- 
nificant reduction in IL-4 transcriats rela- 
tive to  the  untreated mouse a t  8 weeks after 
infection. Amounts of IL-10, IFN-y, IL- 
1 2 ~ 4 0 ,  TNF-a ,  and TGF-P1 mRNA were 
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A B Fig. 4. (A) Cytokine 
+i+ -I- +I+ P 3 4 5 6  mRNA proflle ~n L ma- 

lor-~nfected wild-type, 
IL-4-defic~ent, and ant+ 
IL-4-treated BALB/c 

11-13 mlce LN dralnlng the 
+/- slte of lnfectton from ~ndl- 

IL-5 v~dual IL-4"+, IL-4+'-. 
IL-4-'-, and anti-lL-4- 
treated mice (indicated 
by asterisk) (see Fig. 2C) 

C57Bu6 were analyzed for IL-4, 
~ C Y I  IFN-y 

IL-13. 1L-5. IL-10, IFN-y. 

w- 
- IL-12p40, TNF-a, and 

A IL-12p40 TGF-PI transcripts by reverse-transcriptase PCR. The - left panel shows transcripts from LN removed 27 days 
.**m 

k -  - - TNF-a after infection, and the right panel is from LN removed 59 

- days aftefinfection (30). Concentrations of input comple- 

m-4~ TGF-pi mentary DNAs (cDNAs) were equalized by comparing the --- -- band intensities of p,-microglobulin amplification prod- 

(IbMII, 
ucts. The integrity of the PCR was controlled by parallel 
amplification of the plasmid pMus3 (P), which contains 
priming sites for each of the target cytokines. Products 

are between 200 to 300 base pairs (bp) for the cDNA amplification and 440 bp for pMus3. (B) TGF-PI 
transcripts from spleens of day 27-infected IL-4+", IL-4+'-, and IL -4 - '  BALB/c and wild-type 
C57BU6 mice were compared by quantitative PCR by titrating amounts of plasmid pMus3 in competition 
with a constant input of cDNA. The upper band is pMus3 in fourfold dilutions (3 to  6) ranging from 240 pg 
(dilution 3) to 3.75 pg (dilution 6), in competition with a constant input of 60  ng of cDNA. At equivalence, 
pMus3 and cDNA products reveal bands of equal intensities. 

comparable among control, IL-4 mutant, 
and anti-IL-4-treated mice. With a sensi- 
tive quantitative PCR technique, amounts 
of TGF-P1 transcripts were also comparable 
among the IL-4 mutants and the genetically 
resistant C57BL/6 mice (Fig. 4B). Neither 
the pattern of Leishmania-induced cyto- 
kine secretion nor the direct analysis of 
cytokine transcripts showed a shift to a 
TH1 cytokine profile in IL-4 mutant mice. 

Des~ite significant correlations between 
c 3  

TH2 responses and disease progression (3,  
17); the exact role of IL-4 in vivo is unclear; 
indeed, both disease-promoting as well as 
protective functions have been reported. 
Expression of an IL-4 transgene in resistant 
mice rendered them susceptible (9). Injec- 
tion of anti-IL-4 in the beginning of infec- 
tion allowed healing and development of 
protective immunity in susceptible BALB/c 
mice ( 18). Even established TH2 responses 
in infected BALB/c mice could be switched 
to a TH1 response by a combination of IL-4 
neutralization and reduction of the parasite 
burden (19). Iniection of IL-4 around the . ,  . 
lesion surprisingly inhibited the develop- 
ment of established L. maim infections and 
rendered BALB/c mice resistant to reinfec- 
tion (20), and administration of IL-4 in 
ongoing lesions starting at 5 weeks after 
infection decreased lesion size and parasite 
numbers (2 1 ). Infusion of exogenous IL-4 
did not, however, establish TH2 responses 
in genetically resistant mice (22). Further- 
more, chimeric mouse studies recently 
showed that neither IL-4 production nor 
the onset of a TH2 cytokine profile is suffi- 
cient to promote disease (23). In both ge- 

netically susceptible BALB/c and resistant 
C57BL/6 mice the cytokine mRNA 
amounts are very similar early in infection 
(3). The genetic background of the inbred 
strains of mice can determine differences in 
T cell signaling pathways (24), and T cells 
transgenic for the DO1 1.10 T cell receptor 
derived from a BALB/c background secret- 
ed less IFN-y and more IL-4 than those 
derived from a B10.D2 background (25). 

The initial cvtokine milieu is thought to - 
be important for the differentiation of T 
helper precursors. The biological effects of 
cytokines are transmitted by signaling 
through membrane-bound receptors, but 
the precise signaling mechanisms underly- 
ing the development of different T helper 
phenotypes in resistant and susceptible 
mice after L. major infection are not fully 
understood. 

The pleiotropic nature of IL-4 and the 
redundancy of the cytokines require caution 
in interpreting results obtained with cyto- 
kine-deficient mice. Regardless of the 
mechanism involved. it is clear that IL-4 
alone is not responsible for the susceptibil- 
itv of BALBlc mice to infection with L. 
k jo r .  The hiPothesis that susceptibility to 
disease is due to a preferential expansion of 
IL-4-producing TH2 cells must be revised 
on the basis of the data presented here. 
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IL-4, and 40 pglml for IL-10. 
28. Mlce were Infected s~~bcutaneously in one hlnd foot- 

pad w~ th  2 x 10" L, malor LV 39 promastigotes 
(MRHO/SU/59/P strain). Lesion development was 
monitored w~ th  a d~a l  gauge callper (Schneltaster, 
Kropln, Germany) and expressed as lesion size = 
thickness of the Infected footpad minus the unin- 
fected contralateral footpad. For the determ~nat~on 
of livlng parasites [R. G. T~tus, M. Marchand, T. 
Boon J. A. Louls, Parasite lmmunol. 7 545 (1 985)], 
footpad tissues froln infected mice were homoge- 
nzed, and ser~al 10-fold dllut~ons were distributed ~n 
wells of m~crotiter plates contaning rabb~t blood agar 
slants. After 10 to 14 days of Incubation at 26"C, the 
wells contanng growing promastigotes were identi- 
fied by mlcroscoplc examinat~on. The frequency of 
llving parasites recovered froln Infected footpads 
was determined by minimum x2 analys~s app~ed  to a 
Posson dstribut~on. 

29. M c e  were infected as described in Fig 2. Sera were 
collected at different times after Infection, and the 
seruln concentratlon of the nd~cated g isotypes 

were determned by ELlSA according to standard 
protocols. The detect~on liln~t for lgGl and IgG2a 
were 0.5 ng lm  (Southern Biotechnology) and the 
detecton Imit for IgE was 30 nglml (PharMingen). 
Popl~tea LN cells (1 X 1 O7 per mlil~ter) were stmu- 
ated w ~ t h  4 x l o S  v e  L. major promastigotes as 
antigen in 24-well plates for the determinat~on of 
antgen-specific cytokine production. Nonst~mulated 
and anti-CD3-stimulated (1 p.glml) cells were used 
as controls (72). 

30 Popliteal LN from lnd~v~dual L - 4  control mutant, 
and anti-L-4 (1 1 B11)-treated mice were removed 
on days 27 and 59 of infection, flash frozen in I q u d  
nitrogen, and homogenized, and total RNA was 
extracted in Ultraspec (Biotecx). The RNA was 
treated with DNase I (Gbco. BRL), and 5 p.g was 
reverse-transcribed w ~ t h  lnurlne Moloney eukelnia 
vrus reverse transcrptase and ol~go(dT)., prlmers 
(Superscrpt II ampflcation systeln Gibco, BRL) 
For p,-microglobul~n ampl~fication, 5 ng of cDNA 
per reactlon was used and 60 ng was used to 
amplify cytokine transcripts. The cycling cond~t~ons 

were 20 s at 94% 30 s at 56'C, and 30 s at 72'C 
for 35 cycles. 1 kCi  of [a-"Pldeoxycytidine 
tr~phosphate was Included per reactlon. Half of the 
PCR products were run through a 256 agarose gel. 
Band intensities were quantitated w ~ t h  a FUIIX BIO- 
Imaging Analyzer BAS1 00 equipped w t h  MacBase 
software 
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Role of a Peptide Tagging System in Degradation of peptide tag were degraded n i t h  half-lives of 
<5 min, whereas proteins with the  control Proteins Synthesized from Damaged Messenger RNA had half-lives > I  h o u r  W h e n  the  

Kenneth C. Keiler, Patrick R. H. Waller, Robert T. Sauer* 

Variants of A repressor and cytochrome b,,, translated from messenger RNAs without 
stop codons were modified by carboxyl terminal addition of an ssrA-encoded peptide tag 
and subsequently degraded by carboxyl terminal-specific proteases present in both the 
cytoplasm and periplasm of Escherichia coli. The tag appears to be added to the carboxyl 
terminus of the nascent polypeptide chain by cotranslational switching of the ribosome 
from the damaged messenger RNA to ssrA RNA. 

A l t h o u g h  many intracellular proteases 
have been identified ( l ) ,  the  deterrnina~lts 
that render certain uroteins the  targets of 

u 

particular proteases are g e ~ l e r a l l ~  not  
known. Studies of r e c o n ~ b i ~ l a ~ l t  interleu- 
kin-6 (IL-6) purified from inclusion bodies 
of Escherichia coli revealed that some IL-6 
molecules are modified hv COOH-terminal 
truncation at different positions in the  se- 
quence and addition of an  ll-residue pep- 
tide tag (AANDENYALAA) (2 )  a t  the 
truncation point (3). T h e  last 10 residues of 
this peptide tag are encoded by the  ssrA 
gene of E .  coli, and tagging of IL-6 does not 
occur in ssrA- cells. T h e  ssrA transcript is a 
stable 362-nucleotide R N A  molecule that  

T o  test this hvnothesis. aJe constructed , L 
genes e ~ ~ c o d i ~ l g  variants of the  NH2- te rm-  
nal domain (residues 1 to  93)  of A reuressor 
(a  cVtoplasrnic protein) and cytochrome 
bj6, ( a  periplaslnic protein) in \vhich the  
ssrA peptide tag sequence (AANDENYA- 
LAA)  was encoded a t  the D N A  lel~el as a 
COOH-terminal tail (7). Variants of each . , 

protein were also constructed with a control 
tag (AANDENYALDD), because both Tsp 
and its ~ ~ t o p l a s i n i c  counterpart do  not  
cleave proteins with charged residues a t  the  
COOH-terminus 15. 6) .  In  oulse-chase ex- 
periments (Fig. 1, A arid ~ ) , ' t l l e  A repressor 
and cytochrome b,,, proteins with the ssrA 

ssrA peptide-tagged cytochrome bjb2 pro- 
tein was exoressed in a n  E ,  coli strain de- 
leted for the  tsp gene, its half-life increased 
to >1 hour (Fig. 1C) .  As expected, degra- 
dation of the  ssrA peptide-tagged A repres- 
sor protein in  the cytoplasm was not affect- 
ed in the  rsp- strain (Table 1) .  Thus, the  
presence of the  ssrA peptide tag at the  
COOH-termini of these proteins resulted in 
rapid intracellular degradation in both the  
cytoplasmic and periplasmic compartments 
of the  cell. In  the  periplasm, this rapid 
degradation required the  presence of Tsp. 
Incubation of the  purified variant cyto- 
chrome oroteins with Tsu in vitro 18) re- . , 

sulted in  cleavage of the  ssrA peptide- 
tagged variant but not of the  control pep- 
tide-tagged variant (Fig. ID) ,  thus support- 
ing a direct role for Tsp in the periplasmic 
degradation of ssrA peptide-tagged sub- 
strates 111 \,i\,o (9) .  

Figure 1E shows a model that addresses 
the mecha~lisms by \vhich the ssrA-encoded 
tag sequence may be added to the  COOH- 
terminus of a orotein and bv a ~ h l c h  sueclflc 
proteins in th; cell may he chosen fo; mod- 
ification by peptide tagglng, as well as the 

exhibits some tRNA-like properties and 
can be charged lvitll alalline (4). Table 1. Half-lives of the X repressor and cytochrome b,,, constructs n tsp- ssrA+ (X90), t s p  ssrA+ 

C O O H - ~ ~ ~ ~ ~ ~ ~ ~  of the ssrA-ell- (KSI 0001, and tsp- s s r A  (X90 ssrA1 : :cat)  stra~ns. ND, not determined. 

coded peptide tag (YALAA) are similar to  a 
COOH-terminal tail sequence ( W V A A A )  Half-life (min) 

recognized by Tsp (5), a periplasmic endo- Protein construct tsp + tsp- tsp + 

protease, and by a cytoplastnic protease that ssrA + ssrA + ssrA- 
also deerades oroteins in a tail-denendent 

u 

manner (6) .  Thus, we reasoned that tagging h 'epressor('-93)-wNDENYALN 

with the ssrA-encoded peptide might target : ~ ~ : ~ : : ~ ~ : I % ~ ~ I ~ ~ , " ~ ~ ~ ~ , " ~ ~ ~  
proteins for degradation by COOH-termi- CM b7-n-wNDENYALAA 
nal-specific proteases. ck ~ZAANDENYALDD 

. due 
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'The half-life IS that of the full-length protein, a metastable proteol\+ic interlnedate 1s produced that IS degraded with a 
'To whom correspondence should be addressed. half-life of -15 min. 
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