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The K88ab adhesin operon of Escherichia coli encodes for a fimbrial protein (the K88ab adhesin) which is
involved in colonization of the porcine intestine. We characterized a structural gene (gene A) which is part of
the K88ab adhesin operon and codes for an as yet unidentified polypeptide (pA). A mutation in gene A resulted
in accumulation of K88ab adhesin subunits inside the cell. The nucleotide sequence of gen A was determined,
and the deduced amino acid sequence suggested that pA is synthesized as a precursor containing a typical N-
terminal signal peptide. The molecular weight of pA was calculated to be ca. 17,600. Gene A is preceded by a
sequence showing homology with the consensus promoter. Fimbrial subunits from a number of E. coli strains
have significant homology at their N- and C-termini. pA also contained some of these conserved sequences and
showed a number of other similarities with fimbrial subunits. Therefore, it seems likely that the K88ab adhesin
operon codes for a fimbrial subunit (pA) distinct from the K88ab adhesin subunit.

The specific adherence of pathogenic bacteria to mamma-
lian cells is an essential step in the development of bacterial
disease. The bacterial surface structures responsible for
adherence have been named adhesins or colonization fac-
tors.

The K88ab adhesin, found on particular enterotoxigenic
Escherichia coli strains, has been implicated in the coloniza-
tion of the porcine small intestine (1, 10). It is composed of
protein subunits that form extracellular filamentous struc-
tures called fimbriae or pili (20).

The genetic determinant for the K88ab adhesin has been
isolated by molecular cloning (13). The resulting recombi-
nant plasmid, pFM205, appeared to code for five polypep-
tides with molecular weights of 17,000 (p17), 26,000 (p26, the
K88ab adhesin subunit), 27,000 (p27), 27,500 (p27.5), and
81,000 (p81) (14, 16). The subcellular location of these
polypeptides has been determined previously (23), and it
appeared that p17, p27, and p27.5 are located in the periplas-
mic space, whereas p81 is found in the outer membrane. The
K88ab adhesin subunit is located on the cell surface and is
probably attached to the outer membrane. Polypeptides p17,
p27, and p81 have been implicated in the biosynthesis of the
K88ab adhesin and are involved in modification, transloca-
tion, assembly, and anchorage of K88ab adhesin subunits
(15, 16). The function of p27.5 in the biosynthesis of the
K88ab adhesin has yet to be determined.

Proximal to the gene encoding p81 is located a region of
ca. 1,000 base pairs which codes for an additional structural
gene (designated gene A) involved in the biosynthesis of the
K88ab adhesin (F. R. Mooi, Ph.D. thesis, Vrije Universiteit,
Amsterdam, The Netherlands, 1982). On the basis of genetic
studies, a similar conclusion has been reached for the K88ac
operon (11).

This report describes the localization of gene A on the
cloned K88ab DNA, its nucleotide sequence, and the effects
of mutations in gene A on K88ab adhesin production. The
possible function of the product of gene A (pA) is discussed
on the basis of its deduced amino acid sequence.

* Corresponding author.
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MATERIALS AND METHODS

Bacterial strains and culture conditions. E. coli K-12 strain
PC2028 (recAl71) was used as the host for the plasmids
studied. Cells containing derivatives of pBR322 (3) or
pMC661 (4) were cultured in nutrient broth (Oxoid Ltd,
Basingstoke, Hants, England) in the presence of ampicillin
(500 p.g/ml) or kanamycin (20 ng/ml), respectively.

Plasmids. The physical and genetic maps of the plasmids
used in this study are shown in Fig. 1. The construction and
characterization of pFM20S, pFM77, and pFM216 have been
described previously (13, 14). Plasmid pFM205 contains a
6,700-base-pair DNA fragment derived from the wild-type
K88ab plasmid pRI8801, which has been inserted between
the HindIII and EcoRI sites of pPBR322. Plasmids pFM77 and
pFM216 are deletion derivatives of pFM205.

In pFM299, a small 37-base-pair BstEIl fragment was
deleted. This plasmid was constructed by partially digesting
pFM205 with BstEIl and isolating the linear full-length
pFM205 molecules. Subsequently, the single-stranded ex-
tensions of the linear molecules were filled in with the
Klenow fragment of DNA polymerase I, and the DNA was
recircularized with T4 DNA ligase. The purpose of this
procedure was to introduce small insertions at the various
BstEIl sites. However, it appeared that pFM299 was derived
from a molecule cleaved at two closely spaced BstEII sites.

The cloning vector pMC661 (4) contains a Hpal site
located downstream from the inducible araBAD promoter.
Transcription of fragments inserted into the Hpal site of
pMC661 can be controlled by addition or removal of L-
arabinose. Plasmid pFM265 was constructed by inserting a
6,700-base-pair Sau3Al fragment from pFM205 into the
Hpal site of pMC661. To do this, the 5'-end single-stranded
extensions generated by Sau3Al were converted to blunt
ends with T4 DNA polymerase. Subsequently, the Sau3Al
fragment was covalently joined to Hpal-cleaved pMC661
with T4 DNA ligase.

Plasmid pFM266 arose from a fortuitous deletion event. It
is identical to pFM265, except for a deletion between the
Sau3Al-a and Hincll sites.

Plasmid pFM268 was constructed by inserting a 5,000-
base-pair HindIII-EcoRl K88ab DNA fragment from
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FIG. 1. Genetic and physical maps of plasmids. Thin lines represent K88ab DNA; deletions present in derivatives of pFM205 are indicated

with open spaces; shaded boxes and thick black lines represent pBR322 and pMC661 DNA, res

ctively; locations of K88ab genes are

indicated with boxes abave pFM205; numbers above the boxes refer to the molecular weights (X 1OE)eof the corresponding polypeptides; the
black part of the box indicates the part of the gene encoding the signal peptide; lines with arrows show the direction and approximate starting
points of transcription. Restriction enzyme recognition sites between parentheses indicate sites on the K88ab DNA that were lost due to the
cloning procedure. Only the relevant restriction enzyme recognition sites are shown. Abbreviations: P,, pBR322 promoter (21); P,,,, araBAD

promoter; bp, base pair.

pFM205 into the Hpal site of pMC661. Essentially the same
procedure was used as described for pFM265.

DNA sequence analysis. DNA sequence analysis was car-
ried out as described by Sanger et al. (19) by using bacterio-
phage M13 as the source for single-stranded DNA (18). Both
strands were sequences at least once.

Preparation of cell extracts. Cell extracts were prepared by
disrupting cells by ultrasonic treatment and subsequently
removing whole cells and large cell fragments by centrifuga-
tion.

Determination of the amount of K88ab antigen. Since the
immunological assay used does not discriminate between the
functional K88ab adhesin and its precursors, protein react-
ing with antibodies directed against the K88ab adhesin will

be referred to as K88ab antigen. The amount of K88ab
antigen in cell extracts and on whole cells was determined by
an enzyme-linked immunosorbent assay (13). The microtiter
plates used were read with a micro-enzyme-linked immuno-
sorbent assay reader (Organon Technika).

RESULTS

Mapping of gene A and characterization of gene A mutants.
Plasmid pFM266 (Fig. 1) consists of a 5,700-base-pair K88ab
DNA fragment derived from pFM20S and fused to the
inducible araBAD promoter of pMC661. Cells containing
pFM266 did not produce a detectable amount of K88ab
antigen, whether or not the araBAD promoter was dere-
pressed (Table 1). Production of K88ab antigen could be



484 MOOI ET AL.

TABLE 1. Characteristics of plasmids containing a deletion in

gene A¢
K88ab antigen detected:
Plasmid” (l?nl In cell
v:': eﬁ: extracts
pFM205 ++ ++
pFM266 - -
pFM216 - -
pFM266 + pFM216 + +
pFM265 ++ ++
pFM77 - ND
pFM266 + pFM77 - ND
pFM299 - +
pFM268 - -
pFM299 + pFM268 ++ ++

“ E. coli PC2028, containing the plasmids indicated, was grown at 37°C for
16 h. To cultures of strains containing pFM266, pFM265, or pFM268, L-
arabinose was added to 0.2% (wt/vol) at an optical density at 660 nm of 0.3 to
derepress the araBAD promoter. The amount of K88ab antigen was deter-
mined by an enzyme-linked immunosorbent assay. Symbols: ++, K88ab
antigen detected at high levels; +, K88ab antigen detected at reduced levels;
—, no K88ab antigen detected; ND, not done.

b Physical and genetic maps of plasmids are shown in Fig. 1.

restored by complementation with pFM216 (Fig. 1; Table 1),
a derivative of pFM205 in which the genes encoding p81,
p27, pl7, and p26 (the K88ab adhesin subunit) have been
partially or completely deleted. This indicated the K88ab~
phenotype of cells containing pFM266 was not due to a
mutation in one of these genes. Thus, the HindIII-Hincll
K88ab DNA fragment of pFM205, which is absent from
pFM266, contains the gene for an as yet unidentified poly-
peptide involved in thé biosynthesis of the K88ab adhesin
(gene A).

Compared with pFM266, pFM265 contains a slightly larg-
er K88ab DNA fragment derived from pFM205 (Fig. 1). It
was constructed by fusing a 6,500-base-pair Sau3Al-EcoRI
K88ab DNA fragment to the araBAD promoter of pMC661.
Cells containing pFM265 produced large amounts of extra-
cellular K88ab' antigen when the araBAD promoter was
derepressed (Table 1), indicating that it contained all the
structural genes necessary for export and assembly of the
K88ab adhesin subunits. This implied that gene A was
located to the right of the Sau3Al-a site of pFM205 (Fig. 1).

The mutation in pFM266 could not be complemented with
pFM77 (Fig. 1; Table 1), a derivative of pFM205 containing a
deletion between the Smal-a and Smal-c sites. Apparently,
gene A is not expressed by pFM77. This indicates that gene
A is located to the right of the Smal-a site or, alternatively,
spans this site.

To discern between these two possibilities, we analyzed a
derivative of pFM205 (designated pFM299; Fig. 1), which
contained a small deletion at the Smal-a site. As was
observed for pFM266, the K88ab antigen was not detected
on whole cells containing pFM299 (Table 1). However, in
contrast to pFM266, K88ab antigen was detected in cell
extracts (Table 1). Apparently, the deletion in pFM299
resulted in accumulation of K88ab adhesin subunits inside
the cell. Production of extracellular K88ab antigen could be
restored by complementation with pFM268 (Fig. 1; Table 1).
These findings suggest that the Smal-a site is located within
gene A. Moreover, pA is apparently necessary for export of
K88ab adhesin subunits.

It is not clear why intracellular accumulation of K88ab
adhesin subunits was not observed in cells containing
pFM266. Possibly, accumulation occurred at a level too low
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to detect. We have constructed several other pA™ mutants
(data not shown), which all accumulated the K88ab adhesin
subunits intracellularly in detectable amounts. Therefore,
the behavior of pFM266 seems to be anomalous in this
respect.

Nucleotide sequence of gene A. Attempts to detect pA have
failed thus far; therefore, to obtain more information about
this palypeptide, we determined the nucleotide sequence of
gene A.

Analyses of deletion mutants suggest that gene A was
located to the right of the Sau3Al-a site of pFM205 and
spanned the Smal-a site (Fig. 1). The nucleotide sequence of
this region revealed a significant open reading frame which
fulfilled these criteria (Fig. 2). Because this open reading
frame codes for a polypeptide which shows a number of
striking similarities with polypeptides encoded by other
adhesin operons (see below), we concluded that it represents
gene A.

Gene A contains 181 amino acid codons and is terminated
by two TAG stop codons. The 5’ end of gene A codes for a
typical signal peptide. The most likely cleavage site for
signal peptidase was determined by the method of Von
Heijne (24) and is shown in Fig. 2. The tentative mature
protein (pA) contains 160 amino acids and is expected to
have a molecular weight of ca. 17,600. The presence of a
signal peptide indicates that pA has an extracytoplasmic
location.

Eight base pairs removed from the 3’ end of gene A, the
start of another open reading frame, is observed (Fig. 2).
This open reading frame continues for at least 220 codons
(data not shown) and presumably represents the 5’ end of the
gene encoding p81.

Gene A is preceded by a sequence which shows a limited
degree of homology with the Shine-Dalgarno sequence (8).
Further upstream, a sequence is observed which complies
with the promoter consensus sequence (9). Approximately
200 base pairs away from this putative K88ab promoter, at
the 5’ end of the cloned K88ab DNA, a region of dyad
symmetry was observed. The potential stem and loop struc-
ture that can be formed by the transcript of this region is
shown in Fig. 3. Such structures have been shown to be
involved in [rho]-dependent termination of transcription
an.

DISCUSSION

Genetic studies have revealed that in addition to the five
structural genes identified previously (14, 16), a sixth struc-
tural gene (gene A) is located on the cloned K88ab DNA
contained in pFM205. The product of gene A (pA) appears to
be necessary for export of K88ab adhesin subunits, since in
most pA~ mutants analyzed, the subunits accumulated
inside the cell. We have shown that mutations in K88ab
genes generally result in accumulation of K88ab adhesin
subunits in the periplasmic space (15). Therefore, it seems
likely that the K88ab adhesin subunits detected in pA~
mutants are also located in the periplasmic space.

Attempts to detect pA in normal cells or minicells to date
have failed (data not shown). Since pA does not contain
methionine, we used *H-labeled amino acids in our attempts
to detect pA in minicells. Moreover, to exclude the possibili-
ty that pA was obscured by another K88ab polypeptide on
sodium dodecyl sulfate-polyacrylamide gels (for example,
pl7), we also analyzed plasmids with deletions in one or
more K88ab genes in minicells; this was to no avail. The fact
that pA has not been detected cannot be due to a low level of
transcription of gene A, because the K88ab genes are
transcribed from a strong pBR322 promoter (P1) (21) in
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AMAGCTTTTGECCE66CAG6AGTTGOBCCGE66AAGAAAAATTCTGECTECTTGECAGAGATATCBCCE
10 20 30 40 50 60
Hindill
ATTCGCAGTGEAAAAAGTBCTTTATGECGCTBEAGABATTATCTGEBETTCTEE6ATACGEABCGEC
70 80 90 100 10 120
AAAGAGGTTTGETGECGECG6ATACGATGTETCETCAAGTTATTTTTCTATAGCGECTGG666CEE
130 140 150 160 170 180
Saul3Al-a
ATATCG6CACGTAAACAGAGT T6ET6TATTICIECTEECACCT[TATTATEICABGATCCGEGGECAAT
190 200 210 220 230 240
MET LYS LYS ALA PHE LEU LEU ALA CYS VAL PHE PHE LEU
BATTTTTTTGACQ_GACCH“ILAATGA&&‘AAGCATTCTTATTQGCATGTGTTITI’TTYC
250 260 270 280 290 300
10
THR  6LY 6LY 6LY VAL SER HIS ALA ALA VAL 6LN LYS THR ILE PHE SER ALA ASP VAL VAL
TCACTG66666C6666TTTCTCACBCTGEC66TTCAGAAAACCATATTICAGTGECTEACETEEG
310 320 330 340 350 360
20 30
ALA SER VAL CYS HIS VAL VAL VAL ASP ALA ASP SER THR 6LY ASN SER GLY ARG LEU THR
T66CCTC6E6ETCTGETCATETGE6TO66TGE6ATEC66ACAECACCEE6CAACAGTEECCBEECTGA
370 380 390 400 410 420
40 50
PHE 6LY THR TYR AR6 LYS SER THR 6LY ALA SER VAL PRO PRO ARG ASP PHE THR VAL ARG
C6TTC666ACTTACCBETAAGTCCACEGEG6G66CATCTETACCGEGCCGECETHEACTTCACGEETEC
430 440 450 460 470 480
60 70
LEU TYR 6LU SER GLY ALA THR VAL 6LN 6LY CYS SER ALA PHE LEU ALA 6LY GLN VAL ALA
6TCT6TATGAGTCCG6CH6CCACGEETTCAGGBGETTECTCTGECETTTCTITGECCG66G6CAGETCESG
490 500 S10 520 530 540
80 90
THR LEU ASP PHE 6LY ASN PRO G6LY GLN LEU ASP ALA ALA GLY VAL VAL THR ARG GLY ALA
CCACCCTGG6ATTTTGEG6TAACCCGGEG6ACAACTGEGACBCTECC66LE6TEOETCACCCGECEG6TE
350 560 570 580 590 600
Smal-s
100 110
6LY ASP 6LY ILE ARG VAL ASP VAL ARG ALA VAL ASP ALA G6LN ALA ASP TYR ARG GLY ARG
CC66TG6ATGE6ETATTCG6CG6TG6E6ATETACGEG6CTGETTEATECACAGECTGEATTATCGECGEG6AC
610 620 630 640 650 660
120 130
LEU THR GLN ASP ASN HIS SER VAL LYS TYR PRO VAL ASP PHE ALA ALA LYS GLY G6LN PHE
6 TCTG6ACGCAGGEATAACCATTICCBETEAAATATCCGEGETEEATTTITGECCECTAAGGGBCCAGT
670 680 690 700 710 720
140 180
ARG PHE ARG ALA GLN PRO VAL PHE PRO ALA ASP " VAL LYS ALA GLY 6LU TYR SER GLY ALA
TTCGETTTTCG6TBCECABCCGEETGETTTICCEGECTEATGETOEAANGGECEEE6AGAGTATTCCGEGEGE
730 740 750 760 770 780
160
LEU THR PHE VAL VAL THR TYR GLN sss  ss

CG6CTEACTTTTGETTETC
790 800

ACTTATCAGTAGTAGBGESE
810

FIG. 2. Nucleotide sequence of gene A. The deduced amino acid sequence is numbered from the tentative N-terminus of the mature
protein. The vertical arrow indicates the presumed cleavage site for signal peptidase. Nucleotides complementary to the 3’ end of 16S rRNA
are underlined. Possible —35 and —10 promoter regions are boxed. Dots indicate homology with the promoter consensus sequerice.
Horizontal arrows indicate a region with dyad symmetry. The putative initiation codon of the gene encoding p81 is boxed. Restriction enzyme

recognition sites referred to in the text are indicated.

pFM205 (Fig. 1). Therefore, it seems likely that pA is
synthesized in low amounts because its gene is translated
inefficiently. This is also suggested by nucleotide sequence
data (Fig. 2), which reveal that gene A is preceded by a
region exhibiting only weak complementarity to the 3’ end of
the 16S rRNA (8). In this context, it should be noted that
although the K88ab genes are located within a single tran-
scriptional unit (manuscript in preparation), the genes for
p26 and p27 are expressed at much higher levels than the
genes for p17 and p81 (16); this also suggests that differential
expression of K88ab genes occurs at the level of translation.

Two lines of evidence indicate the presence of a weak
promoter upstream from gene A. First, ca. 40 base pairs
away from the start of codon of gene A, sequences are
observed showing homology with —35 and —10 consensus
sequences of E. coli promoters (9). The distance between the
—35 and —10 regions is 3 base pairs shorter than normally
found in strong promoters, suggesting that the putative
K88ab promoter does not initiate transcription efficiently.
Second, a low amount of K88ab adhesin is still produced
when the pBR322 promoter P, is deleted from pFM205 (data
not shown). The putative K88ab promoter is preceded by a
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FIG. 3. Possible secondary structure formed by the K88ab
mRNA. The numbers of the bases correspond to those in Fig. 2. AG
was calculated by the method of Tinoco et al. (22).

terminator-like structure (Fig. 2 and 3). It is unlikely that this
structure greatly affects transcription from P, because the
K88ab genes are highly expressed in pFM205 (13).

A clue about the function of gene A could be obtained by
comparing the genetic organizations of the K99 (5) and Pap
(M. Norgren, S. Normark, D. Lark, P. O’Hanley,
G. Schoolnik, S. Falkow, C. Svanborg-Edén, M. Baga, and
B. E. Uhlin, EMBOJ., in press) adhesin operons with the
K88ab adhesin operon (16; Fig. 1). This comparison revealed
that gene A is located at a position in which the structural
gene for the fimbrial subunit is located in the K99 and Pap
adhesin operons, suggesting that pA is a fimbrial subunit.
Further indications for this assumption could be obtained by
comparing the amino acid sequences of the K99 (B. Roosen-
daal, W. Gaastra, and F. K. de Graaf, FEMS Lett., in press)
and Pap (2) fimbrial subunits with the amino acid sequence
of pA (Fig. 2). It appeared that pA and the K99 and Pap
subunits are composed of approximately the same number of
amino acid residues (160, 159, and 163, respectively). More-
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over, all three polypeptides contain two cysteine residues at
approximately the same position (16 and 63 for pA, 16 and 57
for the K99 fimbrial subunit, and 22 and 61 for the Pap
fimbrial subunit). Finally, homology was observed at the N-
and C-termini of these polypeptides (Fig. 4). Homology was
also observed with the N- and C-termini of the K88ab
adhesin (7) and CFAI (12) subunits (Fig. 4).

Homology at the N-terminus was found within the first 20
to 30 amino acid residues. It was somewhat complex and
only evident after proper alignment (Fig. 4A). Homology at
the C-terminus was more pronounced and found within the
last 20 amino acid residues (Fig. 4B). The resemblance in
primary structure at the N- and C-termini of the polypeptides
investigated might suggest that these sequences are involved
in common steps in the biogenesis of these surface proteins.
It is conceivable that they determine the quaternary struc-
ture of the proteins or represent topogenic sequences (i.€.,
sequences that direct the polypeptides to their ultimate
location). Nonhomologous regions might be involved in
more specific functions such as interaction with host recep-
tors.

In summary, it may be stated that pA has many character-
istics in common with fimbrial subunits. Thus, the K88ab
adhesin operon might code for two extracellular polypep-
tides, the K88ab adhesin subunit and pA. This raises ques-
tions concerning the function and morphology of the struc-
tures composed of these polypeptides. It is possible that
both polypeptides are part of the same structure, with the
K88ab adhesin subunit probably representing the major
component. For example, pA might function as a link
between the K88ab adhesin and the putative anchorage
protein p81 (15). This would explain the low amount of pA
(and p81) synthesized relative to p26, because only a few of
these molecules are necessary to anchor one K88ab fimbria
(composed of 100 or more p26 molecules) to the cell.
Alternatively, the two polypeptides might form separate
structures on the cell surface, the synthesis of which is,
however, interdependent.

Norgren et al. (in press) have obtained evidence that the
Pap adhesin is encoded by a region on the Pap operon which

A

K88ab (pA) ALA|VAL GLN LYS THR ILE| IPHE SER ALAIASPIVAL VALlALA SER [VAL CYSIHIS VAL VAL VAL
CFAI vAL|GLU| Lys [ASN]ILE THR THR ALA SER VAL ASP |PRO VALIILE ASP JLEUILEU GLNI
K88ab (p26) TRP MET|THR [GLY ASP] PHE ASN GLY SER VAL ASP|ILE GLY GLY[SER ILE THR|ALA

Pap ALA PRO THR ILE PRO GLN GLY|GLN GLY |LYS VAL|THR PHE ASN GLY THR VAL VAL ASP ALA|PRO|CYS SER ILE SER GLNI

K99 ASN THR|GLY THR ILE|ASN|PHE ASN GLY[iYS ILE THR SERIALA THR|CYS THR ILE|GLU PRO

B

K88ab (p26) GLNrAL—AIVAL THRF';X; SER THR|GLN TRP SER ALAIPROILEU ASNIVAL ALA|ILE THR TYR|TYR
Pap GLY ALA ALA VAL THR|GLU|GLY [ALA]PHE SER ALA VAL ALA ASN PHEIﬂ. LEU THR TYR GLN
CFAI GLY[THR] ALA [PROJTHR ALA GLY ASN TYR SER GLY VAL _SE_RVAL [MET]JTHR|LEU GLY SER
K88ab (pA) PROLAL_A’ ASP|VAL LYS ALA GLY|[GLU|TYR SER GLY|ALA[LEU THR PHE VAL VAL THR TYR GLN

K99 ASN GLY GLJE‘LYS ALA GLy|vaL|pHE THR[THR sEr[aLa sEr puE[LEU|VAL THR TYR'E-E—TJ

FIG. 4. Comparison of amino- (A) and carboxy- (B) terminal amino acid sequences of pA and a number of fimbrial subunits. Identical or
functionally identical amino acids are boxed. The following amino acids were assumed to be functionally identical: (glu, asp), (gln, asn), (ser,
thr), (leu, ile), (phe, trp, tyr). The amino acid sequences of the K88ab adhesin (p26). the K99, the Pap (pA), and the CFAI fimbrial subunits
were obtained from references 7, Roosendaal et al., in press, 2, and 12, respectively.
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is distinct from the fimbrial subunit gene papA, suggesting
that the Pap operon also codes for two surface proteins. The
Pap adhesin might be homologous to the K88ab adhesin and
the Pap fimbrial subunit to pA. Thus, colonization of some
host surfaces by E. coli might require at least two extracellu-
lar proteins. Depending on the host surface to be colonized,
the contribution and also the relative amounts of the two
proteins may vary.

10.
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