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SUMMARY

Autoantibodies to the non-collagenous (NC1) domain oftB8V)-chain of type IV collagen are found

in sera from patients with anti-GBM nephritis. These antibodies have been shown to be pathogenic. In
this study the antibody specificity has been investigated in patients with Goodpasture’s syndrome and
from a patient with atypical anti-GBM antibodies, recognizing thiIV)-chain only. Overlapping
synthetic peptides, covering the complete NC1 domains ofel{&V)- and a3(IV)-chains were used in
sandwich ELISA and competitive ELISA. None of the Goodpasture sera showed reactivity to the
synthetic peptides. However, antibodies from the patient with atypical anti-GBM antibodies recognized
a 20 amino acid peptide from thel(IV)-chain. The reactive peptide was further narrowed down with
glycine substitution of the different amino acids. We have localized the epitope to the four last C-
terminal amino acids of the1(IV)-chain, with the sequence 1754-MRRT. The two arginine residues
were found to be essential for antibody binding. Threonine is important, while methionine is of less
importance. These four amino acids are also determined to be the smallest peptide that could inhibit the
binding of the autoantibodies to the natiwé (IV)-chain. This study shows that overlapping peptides

can be used to map linear epitopes. However, for conformational epitopes such as the Goodpasture
epitope, other methods must be used. It would be prognostically important to know the fine specificity of
anti-GBM antibodies, since the patient with antl{IV) antibodies had a mild disease, while the
Goodpasture patients with antB(IV) antibodies had a rapidly progressive disease.
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INTRODUCTION membranes, for example in the kidney, eye, cochlea, lung and
l%rain, whereas ther1(1V)- and a2(IV)-chains are present in all

Basement membranes, which provide a continuous layer betwe
P y e‘Qasement membranes [6]. Results show that ¢B¢lV)- and

the endothelial and the underlying connective tissue, comprise . - L
variety of macromolecules, e.g. type IV collagen, laminin entactinae(lv)'Chams also have a limited distribution in different base-
, ' ' ment membranes [5,7,8].

nd heparan sulph r lycan. T IV collagen is one of th A . . .
and heparan sulphate protoglycan. Type IV collagen is one of the Patients with the autoimmune disease Goodpasture’s syndrome

main structural components of basement membranes, and tlheave autoantibodies to type IV collagen. The disease is characterized
molecule is composed of three subunits, so catlé/)-chains. yp gen.

In the N-terminal and middle region the threglV)-chains are by_a rapidly prqgressive glomerulonephritis, lung haemorrh_age r:_lnd
intertwined to a triple helical structure, while in the C-terminal a Ilngar deposit of 19G a!ong the GBM [9]' The autoantigen is
region each chain is folded into a globular domain [1]. The localized to the NC1 domain of the3(IV)-chain [10,11]. However,
globular domain is called NC1 (non-collagenous). Normally in most patients there are also autoantibodies present to the other
type IV collagen is composed of two distina{I\V)-chains [2] " a(IV)-chains, including thex1(IV)-chain [12,13]. We have found a
the classicala1(IV) and a2(IV). However, in the GBM thrée patient with a mild form of glomerulonephritis even though he has a
additionala(IV)-chains have been identifie’d,3(IV) a4(1V) and high titr_e of anti-GBM antibo_dies. This patient_ was found to have
a5(IV) [3.4] and the gene for a sixtha6(IV), has recently antibodies to the NC1 domain of thel(IV)-chain, but not to the

been discovered [5]. It has been shown thaflV)- and a4(IV)- a3(IV)-chain [14] as the Goodpasture patients have. Furthermore,
: ?e autoantibodies were found to be more reactive with reduced and

chains co-localize and are only present in specialized basemeél kylateda1(IV)NC1 than nativev1(1V). The antibodies were of the

Correspondence: Thomas Hellmark, Department of Nephrology, Lund9G3 SUbCh'flSSy V_Vith)\ !ight Chgins exclusively. This suggests a
University, S-221 85 Lund, Sweden. MoAb reacting with a linear epitope.
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There are several reports discussing specificity of Good-Table 1. All the peptides from thev1(1V)-chain are listed.
pasture antibodies and their epitopes. The epitope has been

localized to the NC1 domain of the3(IV)-chain, and it has Peptide Peptide Sequence

been shown to be a conformational epitope depending on intact number

intrachain disulphide bonds [15]. The epitope recognized by the

Goodpasture antibodies has further been studied with purified All FPGPPGPDGLPGSMGPPGTP

bovine or human antigens [12,13], with recombinant NC1 Al2 PPGTPSVDHGFLVTRHSQTI

domains of the differenta(IV)-chains [16], and recently two Al3 HSQTIDDPQCPSGTKILYHG

different studies have been published [17,18] in which synthetic Ald ILYHGYSLLYVQGNERAHGQ

peptides have been used to identify the epitope. It was shown AlS RAHGODLGTAGSCLRKFSTM

that the last 36 amino acids are part of the epitope [18]. In Alb KFSTMPFLFCNINNVCNFAS

summary, thea3(IV)-chain is the major antigen and probably Al7 CNFASRNDYSYWLSTPEPMP

contains one major epitope [12] Al8 PEPMPMSMAPITGENIRPFI

However, in these earlier studies using synthetic peptides Al9 IRPFISRCAVCEAPAMVMAV

only selected parts of the3(IV)-chain were used in the search Al110 MVMAVHSQTIQIPPCPSGWS

for the Goodpasture epitope. As we wanted to identify other ~ AL111 PSGWSSLWIGYSFVMHTSAG

parts of the epitope as well as to confirm the presence of reactivity 2112 HTSAGAEGSGQALASPGSCL

to the last 36 residues, we synthesized overlapping peptides 2113 PGSCLEEFRSAPFIECHGRG

covering the complete NC1 domains of th&(IV)- and a3(IV)- Alld CHGRGTCNYYANAYSFWLAT

chains. The reactivity of anti-GBM antibodies in sera from All5 FWLATIERSEMFKKPTPSTL

Goodpasture patients has been compared with serum from a 2116 TPSTLKAGELRTHVSRCQVC

patient with antie1(1V) antibodies. All7 LKAGELRTHVSRCQVCMRRT
Al17L LKAGELRTHVSRCQVCMRRT
All7cC LKAGELRTHVSRCQVCMRRT

PATIENTS AND METHODS AIN1  AGELRTHVSRCQVCMRRT

Antibodies A1N2 ELRTHVSRCQVCMRRT

Human autoantibodies were from serum of a patient with anti- A1N3 RTHVSRCQVCMRRT

a1(lV) antibodies [14], and sera from 10 selected patients with A1N4 HVSRCQVCMRRT

Goodpasture’s syndrome, previously characterized [12] as having ~ A1N5 SRCQVCMRRT

1% of their 1gG to thex3(1V)-chain, of which~10% were cross- A1NG6 CQVCMRRT

reactive with the othet(IV)-chains. Sera from five healthy blood A1N7 VCMRRT

donors were used as controls. A1NS8 MRRT

. . AlcCl AGELRTHVSRCQVCMR

Synthesis of peptides _ . Aalc2 AGELRTHVSRCQVC

Sixty-four peptides were synthesized from hum_an sequences, using 13 AGELRTHVSRCO

the Fmoc methpd, and cleaved f_rom the resin. The quality was A1lC4 AGELRTHVSR

controlled by high-performance liquid _chromatography (HPLQ) AlCS AGELRTHV

ano_l Fab mass spectro§copy. AII_ peptides were free C_-termmal A1CE AGELRT

amides and had free amino termini. The overlapping peptides from A1CT AGEL

theal(IV)-chain were 20 amino acids long, with an overlap of five

arr_wino acids, ext_:ept peptidg A117 tha_t has an c_)ve_rlap of 16_amino AlS] SRCOVCMRRG

acids. The p_eptlde_s used in the glycine s_ubstltutlon experiments A1S2 SRCOVCMRGT

were 10 amino acids !ong ant_j the peptides used to detect _the A1S3 SRCQVCMGRT

sh_ortest possn_ble reactive peptide rgnged from _18 to four amino AlS4 SRCOVCGRRT

acids. AI_I peptides from_thal(IV)-chaln are listed in Table 1 and A1SS SRCOVGMRRT

the peptlde_s frona:3(1V) in Table 2 Peptldes_ A31-A318 from the A1S6 SRCOGCMRRT

a3(_IV)-ch_a|n were 20 amino acids !ong Wlth an ovgrlap of five A1S7 SRCGVCMRRT

amino ac_lds. Pc_eptlde A3J4 is 36 amino acids long with an overlfip A1S8 SRGQVCMRRT

of _22 amino acids. I_Deptldes A3J5 a_nd A3J7_are 19 and 15 amino A1S9 SGCOVCMRRT

acids long, respectively, and contain one disulphide bond each. A1S10 GRCOVCMRRT

Peptides A117L, A117C, A3J4, A3J5 and A3J7 were extensively _ _ _ ‘ _
purified using HPLC. One 20 amino acid-long peptide from the C- Peptides A11-A117C are used in the epitope mapping experiment.

terminal end of the5(1V/)-chain, with the sequence -LKAGDLR- Peptides A1IN1-A1S10 are from the sequence of peptide A117 where the
TRISRCQVCMKRT, was also ’s nthesized antibody reactivity was found. The line under peptide A117C indicate a
, Y : disulphide bond.

Purification of bovinex(1V)-chains ELISA

Bovine o(IV)NC1 domains were obtained as previously describedPolystyrene microtitre plates (Nunc Immunoplate, Roskilde, Den-
[12,19]. Some of the NC1 hexamer was reduced and alkylated witlmark) were coated with 1@ of the bovinea(IV)-chains, diluted
DTT (1,4 dithiothreitol) and iodoacetamide [20]. to 02 ug/ml in 50 mv Tris—HCI pH 74, 6m guanidine—HCI. The
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Table 2. All the peptides from thex3(IV)-chain are listed. 1.25 —
Peptide Peptide Sequence PN
number > \ a T Ammmee ol
1-00 = \ e R S
A31 PCGPRGKPGKDGKPGTPGPA - ’ AN 0--=-"" ‘*R\“‘*‘-:;jﬂ\\
A32 TPGPAGEKGNKGSKGEPGPA g \ a o
A33 EPGPAGSDGLPGLKGKRGDS .75 \\
A34 KRGDSGSPATWTTRGFVFTR 3 \
A35 FVFTRHSQTTAIPSCPEGTV g \ \ ]
A36 PEGTVPLYSGFSFLFVQGNQ < - \\ 5
A37  VQGNQRAHGQDLGTLGSCLQ 20.50 \
A38 GSCLQRFTTMPFLFCNVNDV 2 L
A39 NVNDVCNFASRNDYSYWLST 2 \ \
A310 YWLSTPALMPMNMAPITGRA . A
A311 ITGRALEPYISRCTVCEGPA 0-25 - \-\.__,__..+.;\¢§
A312 CEGPAIAIAVHSQTTDIPPC N
A313 DIPPCPHGWISLWKGFSFIM
A314 FSFIMFTSAGSEGTGQALAS 0.00 N T N
A315 QALASPGSCLEEFRASPFLE 0.000 _ 0.001 0.01 01 ] 10 100

A317 SNSYSFWLASLNPERMFRKP
A318 MFRKPIPSTVKAGELEKIIS
A3J4  LNPERMFRKPIPSTVKAGELEKIISRCQVCMKKRH Fig. 1. A competitive ELISA where bovine NC1 hexamers are used as
A3J5 ASPFLECHGRGTCNYYSNS antigen. The Goodpasture antibodies and the atypical anti-GBM antibodies
A3J7 FLFCNVNDVCNFASR were inhibited with native, denaturated and reduced and alkylated NC1
Peptides A3J5 and A3J7 contain one disulphide bond, each indicateHexamers from bovine kidneys. The Goodpasture antibodies prefer a
with a line. Peptide A3J4 is previously reported [18] to contain reactivity denaturated antigen, whereas the atypical anti-GBM antibodies prefer a
with Goodpasture antibodies. reduced antigend, Goodpasture sera inhibited with native antiglh;
Goodpasture sera inhibited with denatured antigenGoodpasture sera
inhibited with reduced and ankylated antigef; atypical anti-GBM
plates were incubated overnight at room temperature. The peptidéd!tibodies inhibited with native antigea, atypical anti-GBM antibodies
were dissolved in JEtOH and transferred to the microtitre plate !nhlbltgd with denatured antige, aprlcaI anti-GBM antibodies inhib-
(05 ng/well) and dried out overnight as previously described [21]. ited with reduced and ankylated antigen.
The plates were then washed three times wifl'b0 NaCl, 005%
(v/v) Tween 20. Human sera (1@0, diluted 1:200 in PBS
(25mv KH.PO,, 8mv NapHPQ,, 0-12m NaCl, 25mv KCl,

Concentration of inhibitor (ng/ml)

alkylated antigen, whereas the atypical anti-GBM antibodies

- - . increased their reactivity when the antigen was reduced and
0-05% (w/v) NaN) containing @2% (w/v) bovine serum albumin Ikylated. In a competitive ELISA we were able to calculate

(BSA) pH 73, were added to each well. The plates were incubate he reactivity to the different antigens. Fifty percent inhibition of

at room temperature for 1 h and after washing, alkaline phosphe\-he Goodpasture antibodies was reached wiy.g/ml of the
tase-conjugated swine anti-human IgG (Orion Diagnostica AB,

: . . “denaturated anti NC1 h boiled for 5min inQu-
Trosa, Sweden) diluted 1:500 in PBS-BSA was added and mcu-ena urated antigen ( examers botled for 5min wn

bated for 1 hp-nitrophenyl phosphate (1 mg/ml: Sigma Chemical HCI and then diluted), while 60 times more had to be used of the
- ’ ti ti that is 5@g/ml. Wh ing th i
Co., St Louis, MO) in substrate bufferldiethanolamine, 8 mw native antigen, that 13 /m en using the reduced antigen

we could not inhibit the reaction to 50%. However, to reach 20%
MgClz pH 98) was used as substrate and colour development w Mhibition we needed over 2000 times more of the reduced and

_measu_red spectrophotometrically at 405 ngn. All assays were ma @kylated antigen compared with the denaturated antigen (Fig. 1).
in duplicates and when standard errors >5% were found the Samp,&ntibody to the al(IV)-chain increased its reactivity by 100

was reanalysed. times compared with the denaturated antigen, when the antigen

was r )
Competitive ELISA as reduced

The plates were treated as described above, but the human sera
were diluted 1:500 in PBS buffer pH¥ and preincubated over- Epitope mapping of the3(IV)-chain
night at 4C in a preincubation plate (Nunc lowbinding) with the All the peptides from thex3(IV)-chain (see Table 2) were coated

different inhibitors in concentrations from@®25 to 25Q.g/ml. in ELISA plates and tested against patients’ sera. All the Good-
Bound antibodies were detected with alkaline phosphatase-compasture sera reacted with peptide A3J7 and peptide A312 (data not
jugated secondary antibodies as described above. shown). There was no significant difference between antibodies

from normal healthy blood donors, the patient with antidlV)
RESULTS gntibodies and patients with_ Goodpasture antibc_x_nlies_. The reactiv-

ity must therefore be explained as a non-specific binding to the
Antibody specificity peptides. Furthermore, the peptides could not inhibit antibodies
The conformational nature of the epitopes was investigated byrom binding to thea3(IV)-chain in a competitive ELISA. Since
testing Goodpasture antibodies and antibodies from the patiemieptide A3J4 is reported to contain a reactive epitope, this peptide
with atypical anti-GBM antibodies for reactivity against native, was resynthesized together with peptide A312 and tested. No
denaturated and reduced and alkylated NC1 hexamers in a sangkactivity could be found. Thus no specific interaction to any of
wich ELISA. The Goodpasture antibodies did bind the native andhe peptides from thex3(IV)-chain could be found with this
denaturated antigen, but no reaction was found to the reduced arechnique.
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251 Fig. 3. The result from the direct ELISA in which the shortest reactive
200k o fragment of peptide A117 was determined. Peptides AIN1-A1N8, peptide
’ o A117 and bovinex1(lV) were bound to the ELISA plate and bound anti-
«a1(1V) antibodies were measured spectrophotometricallyGoodpasture
15 serum; M, atypical anti-GBM patient, healthy blood donor.
1.0+
0.5 Identification of the crucial amino acid residues
o o In order to determine the shortest peptide that still could bind the
00l2 29?2992 729 9919297199 || atypical anti-GBM antibody, eight new peptides, AIN1-A1N8
— N M T WO OM™~N0OOO —NMT W O~ . .
TZIITIITITIECCCccCEC = (Table 1) from the sequence of peptide A117, were synthesized.
CLCLCLCILCILCCLCCYy Each new peptide lacks two N-terminal amino acids. The peptides

Antigen A117, AIN1-A1N8 and bovinel1(IV) were bound to a microtitre
] ] ) ] plate, and in sandwich ELISA we found that the shortest peptide

Fig. 2.Human sera are tested with all the 17 Qverlapplng peptides from th‘ihat bound the ant-1(1V) antibodies was peptide ALNS, that is
al1(IV)-chain and_ bovinen1(IV) used as antigens in dlrect_ ELISA_. (a) composed of 10 amino acids (Fig.3). On the other hand, in
Goodpasture patients. (b) Healthy blood donors. (c) Atypical anti-GBM - -
antibody. .cor.npetltlve. EI_.ISA even thg shortest .pepFlde, A1N§, was able to

inhibit the binding of the antiz1(1V) antibodies to bovine1(IV).

The concentration of the peptides to reach 20% and 50% inhibition

is calculated and shown in Table 3. Note that reactivity increased
Epitope mapping of the1(IV)-chain when the peptide became shorter, except for the shortest peptide.
All 17 overlapping peptides from thel(IV)-chain were coated in  Still, the intact reduced protein reacted 200 times better, in molar
ELISA plates and tested against patients’ antibodies. In sera from thequivalents, than the most reactive peptide, ALN7. This indicates
patient with antier’1(1V) antibodies, all reactivity was found against that the antibodies only need the four last residues to bind.
peptide number A117 (Fig. 2c). No reactivity to the other peptides  We tried to shorten the peptide A117 from the C-terminal end,
was found, neither by sera from healthy blood donors (Fig. 2b) nopeptides A1C1-A1C7 (Table 1), but all reactivity disappeared in
from patients with Goodpasture’s syndrome (Fig. 2a). Reactivity taboth sandwich and competitive ELISA when the two most C-
the peptide A117 could be inhibited with thel(IV) and peptide terminal amino acids where removed (peptide A1C1) (data not
Al117. Reactivity to the bovinel(IV)NC1 was inhibited by the shown).
purified a1(1V)-chain and peptide A117, indicating that peptide We next synthesized 10 peptides to identify critical amino
A117 contains the linear epitope to which the patient has autoantiacids, A1S1-A1S10 (Table 1), of the 10 last amino acids of peptide
bodies. However, to avoid false-positive results arising from impu-A117. We choose 10 amino acid-long peptides, to be able to detect
rities or unwanted polymerizations, we synthesized two additionathe reactivity in sandwich ELISA, as the 10 amino acid-long
peptides. The firstis called A117 L and is identical to peptide A117peptide AIN5 was the shortest peptide that was recognized in
except that the cysteine residues are blocked. The second is call¢ie sandwich ELISA. In each peptide, one amino acid was
A117C and this peptide is a cyclic peptide, with a disulphide bondsubstituted with a glycine residue. The peptides were tested
between the two cysteine residues. The peptides A117 L and A117Gsing sandwich ELISA (Fig.4) and competitive ELISA. The
were extensively purified by HPLC. Both peptides and the originalresults further support the results that the four last amino acids
peptide A117 reacted with the antibodies. contain the epitope, and that none of the other residues is of any

© 1996 Blackwell Science LtdZlinical and Experimental Immunolog$05504-510
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Table 3. The concentrations of the peptides ALN1-A1N8, A117 and bovineTable 4. The concentrations of the peptides A1S1-A1S10, AIN5 and
«a1(1V) that are needed to reach 50% and 20% inhibition of the binding ofbovine «1(1V) that are needed to reach 50% and 20% inhibition of the
the atypical anti-GBM antibodies to bovinel(lV) in a competitive binding of the atypical anti-GBM antibodies to bovinel(lV) in a

ELISA, are calculated and the values are presenteg (n competitive ELISA
Fifty percent inhibition Twenty percent inhibition Fifty percent inhibition Twenty percent inhibition
Peptide () (nm) Peptide () (nm)
Al17 6000 200 AIN5 250 20
AIN1 4400 550 A1S1 2000 400
AIN2 3800 430 Al1S2 — —
AIN3 1200 180 Al1S3 — —
A1IN4 1000 130 AlS4 300 50
AIN5 280 20 Al1S5 290 40
A1N6 250 40 Al1S6 80 15
AIN7 170 30 AlS7 270 40
AIN8 2200 750 A1S8 20 4
al(IV) chain 08 015 Al1S9 300 50
A1S10 300 45
al(lV) chain 08 01

significance. The concentration of peptide to reach 20% and 50%

inhibition in the competitive ELISA is calculated and shown in recognition as well as the threonine, whereas the methionine is less
Table 4. When the threonine was substituted in peptide A1S1 thénportant for antibody recognition.

reactivity decreased 10 times compared with the original 10 amino  In spite of the large homology beween th#(1V) and a3(1V),
acid-long peptide, AIN5. Moreover, if one of the two arginine the antie1(IV) antibody did not react with the peptide covering the
residues in the C-terminal end, that is peptides A1S2 and A1S3ame area on the3(IV)-chain (A3J4). Since homology to the
was substituted all reactivity was lost. Surprisingly, reactivity to a5(1V)-chain is even larger, we also synthesized a peptide of the
peptides A1S6 and A1S8, where a valanine and a cysteine residulgst 20 C-terminal amino acids from th&(1V)-chain. The epitope
respectively, is substituted, increased despite the fact that these tweas found to be -MRRT and in the5(1V) sequence the corre-
peptides had a lower reactivity in the sandwich ELISA. It strongly sponding residues are -MKRT. The antibodies reacted almost as
indicates that the two arginine residues are essential for antibodsnuch with the o5(1V) peptide as with theal(IV) peptide in
sandwich ELISA. In competitive ELISA the small difference
was confirmed, and only about 15% of reactivity was lost.

In short, we characterized the epitope for the arit{{V)
antibodies from a patient with an atypical anti-GBM nephritis.
The antibodies recognized an epitope that is composed of the four
last amino acids in the C-terminal end of thel(IV)-chain.
Furthermore, we could not localize the epitope for the anti-
«3(lV) antibodies, using synthetic peptides. This further supports
the theory that the Goodpasture epitope is conformational and that
intact disulphide bonds are essential.

1.00 —
0-75 -

0-50 -

DISCUSSION

Anti-GBM antibodies are found in patients with rapidly progres-
sive glomerulonephritis. However, there are differences in clinical
features such as progression rate of the renal disease and severity of
pulmonary involvement. There have earlier been indications that
the fine specificity of the antibodies could have prognostic value.
With this background we wanted to identify epitopes involved in
anti-GBM nephritis.

The Goodpasture antibodies recognize an epitope that is
situated on then3(IV)-chain that depends on intact disulphide
bonds. Therefore, it is not surprising that Goodpasture antibodies
Fig. 4. Direct ELISA with the ALIN5, containing the 10 C-terminal amino did nqt Show. reactivity to the synthetic peptides. In .an earl!er
acids, and the peptides A1S1-A1S10 in which each one of the amino amd@ves“gatlon it was proposed that the last 36 C-terminal amino
is substituted with a glycin residue. Bovirel(IV)-chain was used as 2acids of thea3(IV)-chain [18], identical to our peptide A3J4, are

positive control[J, Goodpasture serurill, atypical anti-GBM patient, involved in the Goodpasture epitope. However, in this study we
healthy blood donor. could not confirm this.

Absorbance (405 nm)

0-25 —
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Bovine a1(lV)
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The atypical anti-GBM epitope is localized to the last four C- a mild and stable glomerulonephritis. The difference in the
terminal amino acids on thel(lV)-chain with the sequence - progression rate of the disease between these two patients could
MRRT. There is a large homology between th#&(IV) sequence be ascribed to the specificity of the antibodies. The harmlessness of
and the sequences of th&(IV)- and a5(1V)-chains. The last C- the antia1(IV) antibody is probably because these antibodies do
terminal amino acids on thex3(IV)-chain are -CMKKRH  not bind very easily to the GBM, since first, they prefer a more
and on thea5(IV)-chain -CMKRT. The region from all three denaturated molecule, and second, there isdé$8/) in the GBM
chains is positively charged at neutral pH, and the fact that thehana3(IV). Nevertheless, the1(1V)-chain is found in all base-
antibodies do not react with the peptide from tf#&(IV)-chainisa  ment membranes, and when tissue damage appears the epitope will
good control that we are not measuring a false reactivity, due to thbe exposed and the antit(lV) antibody could recognize the
positive charge. The C-terminal end of th&(IV)-chain differs  epitope and initiate an inflammatory response.
from thea1(IV)-chain by only one single amino acid—an arginine
is substituted with a lysine—and since both arginine and lysine
have basic side chains that fill approximately the same space, it is ACKNOWLEDGMENTS
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