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for  a Serine Protease from Penicillium  cyclopium* 
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John Day,  Stanley Koszelak, Duilio Cascio, and Alexander McPherson 
From the Department of Biochemistry, University of California,  Riverside,  California 92521 

The major extracellular protein of Penicillium cyclo- 
pium has been isolated from its culture media and 
purified by ammonium sulfate fractionation, gel, and 
ion-exchange chromatography. We show  this secreted 
protein to be an endopeptidase. The molecular weight 
is approximately 32,000, the PI is  5.0, and the pH 
optimum using a variety of protein and synthetic sub- 
strates is around 7.0. Inhibition studies show that the 
protease is not inhibited by pepstatin nor  by p-chloro- 
mercuribenzoic acid, indicating, respectively, that it  is 
not an aspartyl protease nor a thiol protease. Complete 
inhibition is observed, however,  with phenylmethane- 
sulfonyl fluoride. Three crystal forms suitable for high 
resolution x-ray diffraction studies have been obtained 
from this purified protease with  reflections being ob- 
served to well beyond 3.0 A resolution. One form hav- 
ing a needle morphology is of the orthorhombic crystal 
class and has space roup PZIZIZ1. The unit cell dimen- 
sions  are a = 41.9 f, b = 43.2 A, and c = 111.5 A with 
1 molecule of the protease occurring in the asymmetric 
unit. The second form grown  at pH values  less than 6.0 
has a plate morphology, is of  orthorhombic space roup 
P212121, and has unit cell dimensions a = 59.12 1, b = 
62.33 A, and c = 70.62 A. The third form is polyhedral 
in habit, is also of space group P212121, and appears 
when the pH of the mother liquor is greater than 7.0. 
The cell dimensions of this  crystal form are a = 57.07 
A, b = 58.82 A, c = 70.79 A, and again there is 1 
molecule/asymmetric unit. Three-dimensional struc- 
tural analysis by x-ray diffraction is now underway. 
All crystal forms are somewhat denser than the norm 
having mass to volume ratios of 1.58, 2.00, and 1.85 
A3/dalton, respectively. 

Fungal cultures have traditionally provided a source of 
hydrolytic enzymes for laboratory study as well as  pharma- 
ceutical and  industrial uses. In  particular, the media are 
frequently rich in a variety of proteases generally of the acid 
or aspartyl class. In  the course of our studies on the crystal- 
lization of a variety of proteins for the purpose of x-ray 
diffraction analysis (l), we frequently observed contamination 
of crystallization samples by a  persistent fungus, and  this 
resulted in destruction of the protein under investigation. We 
subsequently isolated the fungus, grew it on agar plates,  and 
identified it  as a species of Penicillium. 

Samples of the penicillium were submitted to  the North 
Central Region Northern Regional Research Center, Agricul- 
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tional Institutes of Health. The costs of publication of this article 
were defrayed in part by the payment of page charges. This article 
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18 U.S.C. Section 1734  solely to indicate this fact. 

tural Research Service of the United States  Department of 
Agriculture at Peoria, IL for precise identification. The mold 
was determined by Dr. Donald Wicklow of that agency to be 
Penicillium  cyclopium, and  it is preserved in their collection 
as  NRRL 13143. 

From liquid cultures of the Penicillium we have isolated, 
purified, and crystallized the major extracellular protein pres- 
ent in exhausted media and have  shown it  to be a serine 
protease. The crystals, which appear in three different forms, 
have been subjected to preliminary diffraction analysis and 
shown to be suitable for high resolution structural analysis. 

MATERIALS  AND  METHODS 

Growth of the Penicillium-The fungus was isolated from contam- 
inated crystallization samples using a sterile inoculating needle. A 
single conidiophore was observed under a dissecting microscope and 
the conidia transferred aseptically to a Petri dish containing  a me- 
dium consisting of 1.5% agar supplemented with 1.0% Difco bacto- 
tryptone  nutrient.  Incubation was on the bench top at 23 “C for 
approximately 2-3 weeks. 

After confluent development on  the agar, an inoculating loop of 
spores was aseptically transferred to sterile l-liter units of liquid 
medium in 2800-ml Fernback flasks. The medium consisted of a 1.0% 
Difco bactotryptone solution supplemented wtih a 1 X Dulbecco’s 
phosphate-buffered saline salt solution. Incubation was on the bench 
top at 23 “C for approximately 2 weeks with occasional shaking. 

Isolation of the Protein-The culture was filtered through a plug 
of glass wool and  the solid material discarded. The filtrate was 
dialyzed against saturated ammonium sulfate overnight at 4 “C. The 
precipitate was  recovered with a Sorvall centrifuge utilizing a GSA 
rotor at 10,000 rpm for 60 min. The  supernatant was discarded, and 
the precipitate redissolved in approximately 5 ml  of G75 buffer (see 
below). The dissolved material was then centrifuged at 15,000 rpm 
using a Sorvall SS34 rotor for 15 min. The solid debris was discarded, 
and  the  supernatant was applied to a small 1.0 X 1.0-cm  cellulose 
column to remove dextranase and cellulase activity, then directly 
applied to a 1.5 X 90-cm c column of Sephadex G-75 equilibrated 
with 20 mM Na borate, 150 mM NaCl, and 0.02% Na azide at pH 8.5. 
The elution profile, which  was quite reproducible, is shown in Fig. 1. 
In the final step of purification, the fractions comprising peak I1  were 
pooled and dialyzed uersus  50 mM phosphate at pH 3.9 in the presence 
of 0.02% sodium azide and  then applied to a carboxymethyl Sephadex 
(Pharmacia, C-50) column (1.5 X 30.0  cm in length) equilibrated with 
the same  buffer.  When the optical density at 280 nm reached back- 
ground, the column was eluted with a linear gradient of 0.0-0.30 M 
NaCl in the column buffer. The final peak (of four) to appear 
contained approximately 95% of the  total protease activity. The 
increase in specific activity from this last step was about 10-fold. 

Gel System and Analysis--SDS’-gel electrophoresis was carried out 
according to Laemmli (21, modified to use a 5-15% acrylamide gra- 
dient as  the gel  bed. The sample was prepared prior to  the run by 
immersing the sample, in the presence of SDS  and P-mercaptoetha- 
nol, in  a boiling water bath for 1 min. The gel  was then run at a 
constant current of 55 mA for 3 h. The gel  was stained overnight in 
0.2% Coomassie Blue,  50% methanol, and 10% acetic acid, and it was 

The abbreviations used are: SDS, sodium dodecyl sulfate; PAGE, 
polyacrylamide gel electrophoresis; PEG, polyethylene glycol; 
TEMED, N,N,N‘,N‘-tetramethylethylenediamine. 
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destained using an aqueous solution of 10% methanol and 10% acetic 
acid. The molecular mass standards used were:  bovine serum albumin, 
66,000;  egg albumin, 45,000; carbonic anhydrase, 29,000; and cyto- 
chrome c ,  12,000 daltons. 

Assay of Peptidase Activity-The procedure for assay of acid pro- 
tease activity was a modification of that described by Anson (3) and 
Ryle (4). Bovine hemoglobin substrate powder, Type I1 (2.5 g; Sigma) 
was dissolved in 100 ml  of distilled water and filtered through glass 
wool. With 80 ml  of the solution was  mixed 20 ml  of 150 mM acetic 
acid, pH 2.6. Each assay sample contained 1 ml of hemoglobin/HOAc 
solution and 0.1 ml  of enzyme solution. Incubation was for 10 min at 
25 "C, and digestion was terminated by addition of 2 ml  of 5% 
trichloroacetic acid. After 5-10 min, the samples were filtered through 
Whatman No. 2 paper (7.0-cm circles), and  the absorbance at 280 
nm  was compared with an appropriate blank. The blank for back- 
ground was prepared as above except the addition of 2 ml  of 5% 
trichloroacetic acid was made prior to initiation of the assay. 

For assay of neutral protease activity, the hemoglobin substrate 
powder  was dissolved to 2% w/v in 0.1% SDS at  pH values ranging 
from 5.0 to 9.0. The buffers employed were 0.1 M sodium citrate, 0.1 
M sodium phosphate, 0.1 M glycyl glycine, and 0.1 M sodium borate. 
The assays were otherwise carried out as above. Activity was also 
determined using as substrate casein dissolved in 0.1 M sodium 
phosphate at pH 7.0 at a  concentration of 1% w/v. Activity was 
routinely measured by monitoring the change in optical density at 
245  nm arising from the cleavage of the synthetic  trypsin  substrate 
Nu-tosyl-I-arginine methyl ester which  was  dissolved in 0.04 M Tris- 
HCl containing 0.01 M CaClz at  pH 8.1 to a  concentration of 0.001 
M. Comparisons were made by running  concurrent assays with com- 
mercial trypsin. 

Crystallization and Preliminary Diffraction Studies-To obtain 
crystals of sufficient size and quality, the purifiedprotein was dialyzed 
against distilled water, distributed as 10-pl droplets in the nine wells 
of glass depression plates, and  then combined with 10 pl of an 
appropriate polyethylene glycol  4000 (PEG 4000) solution. Samples 
were equilibrated by vapor diffusion in sealed plastic boxes against 
reservoirs of 10-24% PEG 4000 as described by McPherson (1, 5). 
Crystallization was carried out at 25 "C and required from 1 to 2 
weeks. 

For diffraction study, the crystals were mounted in sealed quartz 
capillaries along with a small amount of mother liquor by conven- 
tional procedures. The crystals were aligned and photographed on a 
Buerger precession camera using p = 14" and exposure times of about 
18 h at 17  "C. None of the crystals  demonstrated observable decay so 
that multiple photographs were possible from a single crystal. The 
x-ray source was a GX20 Elliott  rotating anode generator operated 
at 40 kV and 40  mA with a focal spot size of  200 pz. The target was 
copper, and a nickel filter was  used. 

Amino  Acid  Analysis-Three mg  of protein was  hydrolyzed under 
vacuum at 115 "C for 24 h with 6 N HCI.  At the end of hydrolysis, 1.0 
ml  of  3.5 N NaOH was added to  the hydrolysate, and  this was then 
diluted to 5.0 ml with water. One-ml aliquots containing 0.1 mg of 
protein were applied to a Beckman 121 automated  amino acid ana- 
lyzer. Results shown are the average of three determinations. 

Isoelectric Point Determinations-The isoelectric point of the pro- 
tein was determined by two procedures. In the first case the protein 
was electrofocused by loading 5 mg  of protein in 3 ml  of HzO on a 
110-ml LKB isoelectric focusing column using a mixture of ampho- 
lines ranging in pH from 3.5 to 10.0 in a sucrose gradient. The 
focusing was continued for 30 h at 1500 V  after which time 1.5-ml 
fractions were collected, their  pH measured, and the A z M  determined 
to locate the position of the proteins. 

The isoelectric point was also determined using acrylamide gel 
electrofocusing. A 6.7% acrylamide gel matrix  containing 10% glyc- 
erol was used. A 1% broad range, pH 3-10, ampholyte plus a 1% 
narrow range, pH 4-6, ampholyte giving a final ampholyte concen- 
tration of 2% was used for the  pH gradient. The concentration of 
TEMED was 0.05% and  that of ammonium persulfate was  0.04%. 

The gel was prefocused for 10 min at 20 watts. The samples were 
applied and focused at  20 watts  constant power until the voltage 
reached 1000 V. Focusing was continued at 1000 V constant voltage 
until  current dropped to 3 mA. 

The gel  was fixed overnight in a 20% trichloroacetic acid solution 
and  stained for 12 h in a solution of 27% isopropanol, 10% acetic 
acid, 0.04% Commassie Blue R-250, and 0.5% CuS04.  The gel  was 
then destained for several days in 12% isopropanol, 7% acetic acid, 
and 0.5% CuS04.  The PI  standards  (Sigma) used were: trypsin  inhib- 

itor, PI 4.55; 0-lactoglobulin, PI 5.13; carbonic anhydrase (bovine red 
blood cells), PI 5.83; and carbonic anhydrase  (human red blood cells), 
pH 6.57. 

RESULTS 

The  ammonium  sulfate-precipitable  portion of the P. cyclo- 
pium culture  filtrate was separated  into  three  fractions  on 
Sephadex G-75 that we refer to here as  peaks  I, 11, and 111, 
according to  Fig. 1. These  three pooled fractions were exam- 
ined by SDS-PAGE  as was the  material applied to  the column 
along with  a series of molecular  weight standards.  Fraction I 
contains a variety of higher  molecular weight components 
including at least several proteins at around M, 60,000-75,000. 
Peak 111, which contains  the lower molecular weight compo- 
nents of the  mixture  is very yellow in color and is composed 
of a vast collection of small  proteins.  Neither peak  I nor  peak 
I11 yielded any  crystals or protease  activity  under  the condi- 
tions  tested.  In Fig. 1, the  elution profile of protease  activity 
is also  seen. The peak of this  activity coincides  with the 
second protein peak to  elute from  G-75. 

When  examined by SDS-PAGE,  this  fraction was seen  to 
be comprised of two major components,  and  these  are  seen  in 
Fig. 2. When electrophoresed on  nondenaturing gels or when 
characterized by both column and gel isoelectric focusing, 
only one  component, seen in Fig. 3, was observed. In  addition, 
when all of the  crystal forms,  described below, were carefully 
washed and subjected to  SDS-PAGE, each of them showed 
identically the  same  two-component  pattern,  in  the  same 
proportions,  as  that  seen for the column fraction  containing 
the  peak of protease activity. Our  inability  to  separate  these 
two components using a variety of techniques including isoe- 
lectric  focusing and ion-exchange chromatography suggests 
to us that  the lower molecular weight band probably repre- 
sents a  major  proteolytic fragment of the M ,  32,000 protein. 
This  smaller version of the  protein  is probably a nicked  form 
of the larger that  remains  associated  with  the  small  fragment 
under  normal  circumstances  and  retains  the  properties of the 
native  protein.  In  the  presence of SDS, dissociation  occurs 
and  the large fragment is discriminated.  This was verified in 
an  experiment  in which  isoelectric-focused protein was reap- 
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FIG. 2. SDS-PAGE results for  the crystals of  protease ob- 

tained  from  peak I1 of  Sephadex G-75. The crystals were care- 
fully washed before electrophoresis. The doublet pattern of bands was 
characteristic of all crystals. 
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FIG. 3. Isoelectrofocusing results for  the crystalline pro- 
tease on  an acrylamide gel. In track one is the protease and on 
track two are the isoelectrofocusing standards with their PIS so 
indicated. 

plied to a reduced SDS-PAGE gel. Again, the two-band pat- 
tern was observed. The phenomenon has also been observed 
in concanavalin B (6). 

The crystalline protease, which constitutes about 30% or 
more of the  total extracellular  protein recovered from the 
culture  filtrate, was assayed with a variety of substrates  and 
over a broad pH range. Because of the work of Hoffmann et 
al. (7) and Hsu et al. (8) who isolated, characterized, crystal- 
lized, and solved the  structure of an acid protease which is 
the major extracellular  protease of Penicillium janthinellum 
(known as penicillopepsin), we first examined the likelihood 
that  the crystalline  protease was also an aspartyl protease. 
Although we found some small proteolytic activity for the 
enzyme using the hemoglobin substrate at  pH 2.6, it was very 

by the addition of pepstatin, even in large amounts. Nor did 
the presence of pepstatin in our crystallization trials effect 
the growth of our  crystals in any way. The acid protease from 
P. janthinellum on  the  other hand is inhibited by pepstatin, 
and pepstatin forms a complex with that protein which crys- 
tallizes differently than  the native enzyme. In addition, the 
isoelectric point of the protease here was found to be 5.0 while 
that for penicillopepsin is below 3.0. The amino acid compo- 
sition of our  crystalline enzyme, seen in  Table I, is also very 
different than  that for the acid protease (9). Thus, we are 
reasonably convinced that our crystalline enzyme is not an 
acid protease like that from P. janthinellum. 

When assayed at  neutral pH using the hemoglobin sub- 
strate in 0.1% SDS or with casein in standard buffer at  pH 
7.0 not  containing  SDS,  a  dramatic increase in activity was 
observed which exceeded that of comparable amounts of tryp- 
sin. This activity was again not inhibited by pepstatin nor 
was it affected by addition ofp-chloromercuribenzoate. It was, 
however, totally lost upon addition of small stoichiometric 
excesses of phenylmethanesulfonyl fluoride which is a known 
inhibitor of serine proteases. The enzyme was also assayed at  
pH 8.1 using Ne-tosyl-1-arginine methyl ester as substrate, 
and again an appreciable level of activity, approximately 1- 
1.3 times that of purified trypsin, was  observed.  Also,  once 
again, total inhibition was observed in  the presence of phen- 
ylmethanesulfonyl fluoride. 

When the fractions comprising peak I1 were screened for 
crystal formation, that is with 5-25% PEG 4000 at a variety 
of pH values and  at both 4 and 25 "C, the crystals seen in 
Figs. 4,5, and 6 were obtained. When an evaluation was made 
of the crystallization behavior as a  function of pH, it was 
found that crystals were obtained from fraction I1 continu- 
ously between pH 4 and 8 with the needle crystals  appearing 
at  around pH 4.0, the plate form between 5.0 and 6.5, and  the 
polyhedral form above pH 7.0. All crystal forms grew in from 
3 days to 3 weeks at  room temperature, and all failed to grow 
at 4 "C. Extensive trials were made over a broad pH range 
using ammonium sulfate as  the precipitant and in the pres- 
ence of a number of different metal ions. No crystals were 
obtained in  the presence of ammonium sulfate. Metal ions 
appeared to have no effect. EDTA seemed to enhance the 
growth of all crystals. 

TABLE I 
Amino acid  composition of the serine protease from P. cyclopium 

Amino acid Ratio 

mol 

Number of 
residue residues 

ASP 4.763 35 
Thr 2.668  20 
Ser 4.244 31 
Glu 1.795 13 
Pro 1.492 11 
G ~ Y  4.314  32 
Ala 5.115  38 
Val 2.386 18 
CYS 1.039 8 
Met 1.596 12 
Ile 1.643 12 
Leu 1.862 14 
TYr 1.054 8 
Phe 1.009  7 
Trp ND" 
His 0.680  5 
LYS 1.670  12 
Arg 1.251  9 
Total amino acids 285 

little. In addition, the activity we observed was not diminished a Not determined. 
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FIG. 5. 
These  are 

Crystals of the plate morphology of the protease. 
grown from PEG 4000 a t  pH values between 5 and 7. 

The rod, or needle-shaped crystals are, because of their 
morphology,  somewhat  more  difficult to work with, and they 
are fairly small in  size. The maximum cross-section edge is 
only about 50 pm. Nevertheless, these crystals, seen in Fig.  4, 
diffract quite well, exhibit no indications of disorder, are 
mechanically sturdy, and show little degradation when  ex- 
posed to x-rays.  Precession photographs were  made of the 
zero  level  of reciprocal  space  for all major  zones of the crystal. 
The reflections fall on a rectangular reciprocal lattice net 
having mirror-mirror symmetry in all major  zones, establish- 
ing the crystal class as orthorhombic. The systematic absences 
were observed to be h00 # 2n, OkO # 2n and 001 # 2n. There 
were no systematic absences with respect to higher  levels of 
reciprocal space, and  thus  the space group of the crystals is 
P212121. The  unit cell dimensions were  measured to be a = 
41.9 A, b = 43.2 A, and c = 111.5 A. The h01 photograph is 
shown  in  Fig. 7. In  still photographs, reflections have  been 
observed to beyond 3.0 A. 

The volume of the unit cell  is V = 201,824 A3. If the 
constituent protein has a molecular  weight of  30,000-32,000, 
which  is that of the major component of the mother liquor, 

FIG. 7. An hOZ zone precession photograph of the zero level 
of reciprocal space, p = 12 O ,  from a crystal of the needle habit 
seen in Fig. 4. The exposure time was about 12 h at 17 "C. 

and  the asymmetric unit of the crystal is  comprised of 1 
molecule, then  the volume to mass ratio is V,,, = 1.58-1.68 
A3/dalton. 

A second crystal form of the protease was obtained from 
PEG 4000 at pH 5.0-6.5 and is shown  in Fig. 5. The crystals 
are diamond shaped on the major  face  with  dimensions  up to 
0.8 mm but  a thickness generally  no greater than about 0.3 
mm. The crystals have properties similar to those of the 
needle crystals above  in that they diffract to  a resolution well 
beyond 3.0 A, show  no  disorder  or  tendency to deteriorate 
with x-ray exposure, and are mechanically stable. 

X-ray diffraction photographs analyzed as above  show this 
crystal also to be  of orthorhombi?  space group.  P212121 but to 
have  cell dimensions a = 59.12 A, b = 62.33 A, c = 70.62 A. 
The h01 photograph from one of these crystals is shown  in 
Fig. 8. 

The volume of the  unit cell of these crystals is V = 256,056 
A3. If a single protein molecule of  32,000 daltons is assumed 
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substrates in the  neutral  pH  range  and  the complete inhibition 
by phenylmethanesulfonyl fluoride indicates  to  us  the likeli- 
hood that  our  crystalline  protease  is of the  serine class. Its 
failure  to be inhibited by p-chloromercuribenzoaie would ar- 
gue against  its being a sulfhydryl protease.  This is consistent 
with the  observations of others  that species of Penicillium do 
elaborate  serine  proteases  that  can be recovered from culture 
filtrates  (10). We are  currently seeking to  further  characterize 
this  protease by expanding  the  range of possible substrates 
and  inhibitors.  In  this way we may better  delineate  its speci- 
ficity and mechanism. 

We have shown that  the  protease from  Penicillium, which 
has long plagued our  crystallization  efforts directed at  other 
proteins,  can itself be crystallized in forms suitable for high 
resolution  diffraction  analysis.  We  have obtained  three dif- 
ferent  crystalline  unit cells, and all seem adequate for analysis. 

The  crystals of the  protease from P. cyclopium, aside from 
their value as a means  toward  the  protein  structure,  are  not 
without some interest themselves.  Assuming  a  molecular 
weight of 32,000 as indicated by SDS-PAGE,  the volume to 

FIG. X. An Okl zone precession photograph of the zero level 
of reciprocal space, = 14 O ,  from a  crystal of the plate habit 
seen in Fig. 5. The exposure  time  was  about 18 h at 17 "C. 

as  the  asymmetric  unit,  then  the volume to mass  ratio  is V,,, 
= 2.00 A"/dalton. 

The  third  crystal  form, having  polyhedral habit  and growing 
at   pH values  above 7.0, is  shown  in Fig. 6. The x-ray dif- 
fraction  photographs  demonstrate  the  space group of these 
crystals  also  to be P2121210 with cell dimensions of a = 57.07, 
b = 58.32, and c = 70.79 A. There is again 1 molecule of the 
protease  as  the  asymmetric  unit of the  crystal which has a 
unit cell volume of 237,631 A'. The V,,, for these  crystals is 
1.85 A:'/dalton. These  crystals  are probably the  most  repro- 
ducible and  stable of the  three forms, though  the  plate  crystals 
yield somewhat higher  resolution  diffraction patterns. 

No correlation  appears  to  exist between the  diffraction 
patterns from the needle crystals  and  the  latter two crystal 
forms. There  are  similarities between corresponding zones of 
the  patterns from the  latter two crystal  forms,  but  the differ- 
ences  are  substantial.  Three-dimensional x-ray diffraction 
data have been collected to 5.0 A  resolution on  both  the  plate 
and polyhedral form,  and  the  best  attempts  to cross-scale the 
two have yielded conventional R factors of no  better  than 
0.36 on IF/. The two crystal forms, therefore,  appear  to be 
more than  variations  on  one  another. 

DISCUSSION 

Because of the PI of 5.0, the  amino acid  composition, the 
low activity of the enzyme a t  low pH,  and  its  insensitivity  to 
pepstatin, we conclude that  the major extracellular  protease 
of P. cyclopium is not  an  aspartyl protease. This is in contrast 
to the case  with P.  janthinellum where an acid protease is the 
principal  secreted protease.  Our  physical  evidence along with 

mass ratios, V,, for the  three  crystal  forms  reported here are 
1.58,2.00, and 1.85 A"/dalton. These  are  rather low compared 
to  other known protein  crystals ( l l ) ,   and  that  of 1.58 for the 
needle crystals is among  the lowest observed for any protein. 
The low solvent  content  and close well ordered  packing pres- 
ent  in  these  crystals is reflected  in the diffraction patterns. 
Even very small  crystals  diffract  strongly  to high resolution 
and  make it seem likely that a full three-dimensional analysis 
will be successful. We are  currently seeking useful isomor- 
phous heavy atom derivatives that will allow us to proceed. 
We might  note  that  although a number of serine proteases 
from  a variety of sources  have been investigated by x-ray 
diffraction  analysis,  only  one from a  fungal  source has been 
solved. The  structure of proteinase K from Tritirachium 
album has been solved (12),  but  this  protease  has  character- 
istics dissimilar  to  the  one  reported here. 
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