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ture as that in Thomas et al. 's cladogram. I 
conclude that the 12S ribosomal RNA 
data constitute insufficient evidence to 
determine the phylogenetic relationships 
among these taxa, and in particular that 
the data do not exclude the possiblity that 
the thylacine is an outgroup to the Austra
lian lineages. 

Our more formal presentation of the 
Monte Carlo test and its application 
to other taxonomic data sets' supports 
the recent view that, for both animals' 
and plants', the degree of character con
vergence and reversal found in molec
ular data sets matches that of morpho
logical data. This property, together 
with the large number of phylogenetically 
uninformative characters found in 
most molecular data sets, suggests that 
the apparent wealth of molecular infor
mation for phylogenetics is frequently 
illusory. 
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THOMAS ET AL. REPLY-Faith's randomi
zation test, which is similar to one recently 
published by Archie', demonstrates the 
absence of any significant departure from 
randomness for the 12S ribosomal RNA 
gene sequences taken as a whole. But for 
testing if particular groups of taxa in a 
tree are monophyletic or not, the boot
strapping approach is more powerful'. For 
the particular question addressed in our 
paper1

, the latter test gives significant 
support for the thylacine-dasyurid clade. 
Other portions of the tree, such as the 
position of the bandicoot Echymipera, are 
not well supported by the 12S ribosomal 
RNA gene data when tested by boot
strapping. 

Furthermore, confidence in the exist
ence of the thylacine--dasyurid clade is 
enhanced by the quantitative immuno
logical results obtained with albumin" and 
by the finding that the ratio of transitions 
to transversions observed in the cyto
chrome b gene is higher for comparisons 
of Australian marsupial carnivores with 
each other and the thylacine than for all 
comparisons of these marsupials with 
others 1

• In an attempt to achieve even 
higher confidence, we intend to obtain 
more sequences from the thylacine and 
extant marsupials. 

As for Faith's view that molecular traits 
are not superior to morphological ones for 
building reliable genealogical trees, we 
refer readers to the case of the orang 
utan's position among hominoid primates. 
Despite more than a century of intensive 
morphological analysis, no statistically 
significant support emerged for any of the 
three following trees, in which: the orang 
utan is less akin than humans are to Afri-
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can apes; the orang utan is more akin to 
humans than African apes are; or the 
orang utan is more akin than humans are 
to African apes!(l.ll. Yet studies of DNA 
reveal 121 traits supporting tree A, 8 
supporting tree B and 10 supporting 
tree C - a highly significant result 11

• A 
possible reason for Faith's pessimistic 
view is that the cases to which he refers 
are for small proteins whose resolving 
power is inherently low when used to 
probe deep branches in genealogical 
trees. 
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Papain and 
related proteins 
Sm-Recent contributions to Scientific 
Correspondence 1

-
3 have addressed the 

structural similarity of the 111K antigen of 
the malaria parasite Plasmodium falci
parum to cysteine proteinases in the 

· amino-acid sequence region containing 
Cys 22 and Cys 25 in papain. The fact that 
Cys 585 of the 111K antigen is analogous 
to Cys 22 of papain'-' rather than to the 
catalytic site Cys 25 (ref. 1), for which the 
analogous residue is Ser 588, prompted 
Mottram et al. to suggest-' that the lllK 
antigen might represent an evolutionary 
intermediate between cysteine and serine 
proteinases. 

In considering the possibilities for vari
ation in the catalytic-site regions of cys
teine proteinases and structurally related 
proteins, our isolation of a protein in a 
metastable configuration from the latex of 
Carica papaya in which first, the sulphur 
atom of Cys 25 probably exists as a disul
phide with the sulphur atom of either Cys 
22 or Cys 63; and second, one or other 
of these residues contains a free thiol 
group, may be of interest. 

In papain, the side chains of Cys 25 and 

His 159 form an interactive system with 
nucleophilic character in weakly acidic 
solution modulated by binding inter
actions and electrostatic field effects'5 . 

The -s-/-Im+H ion-pair component of 
this interactive system is probably the 
catalytic device responsible for the 
nucleophilic and general acid attack on 
the scissile bond of a substrate'. The 
side chains of Cys 22 and Cys 63 form 
one of the three disulphide bonds of the 
papain molecule, and analogous features 
are known to exist in other cysteine 
proteinases. 

The reactivity of the thiol group of Cys 
25 in active papain towards the two
hydronic-state reactivity probe' 2,2'
dipyridyl disulphide (2-Py-S-S-2-Py) is 
abnormally high in acidic media and 
maximal at pH 3.8. The abnormal 
reactivity derives from the coexistence at 
pH 3-4 of significant concentrations of 
(Cys 25)-S-/(His 159)-Im+H ion pair 
and the highly electrophilic 2-Py-S-S-2-
Py+H cation'. 

In marked contrast, the thiol group of 
the metastable papaya latex protein 
('propapain') exhibits more normal reac
tivity characteristics typical of a 'bare' 
thiol group that is not part of a Cys-His 
interactive system, with maximal reac
tivity in alkaline media and negligible 
reactivity in acidic media'·'. Treatment 
with a low molecular mass mercaptan 
such as cysteine converts the inactive, 
thiol-containing, metastable protein into 
catalytically active papain, with retention 
of thiol stoichiometry and with marked 
change in thiol reactivity characteristics to 
those typical of cysteine proteinase 
catalytic sites'. 

The results of kinetic' and labelling' 
experiments support the view that the 
metastable protein is a structural isomer 
of papain containing a different disulphide 
bond (Cys 22-Cys 25 or Cys 25-Cys 63), 
and that its conversion to papain involves 
thiol-promoted thiol-disulphide inter
change to produce the free thiol group of 
Cys 25, which forms the catalytic-site ion 
pair with His 159. 
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