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FRAGMENT OF A PROLINE-RICH POLYPEPTIDE FROM
OVINE COLOSTRUM: AMINO ACID SEQUENCE AND
IMMUNOREGULATORY PROPERTIES*
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Abstract—It has been previously found that a proline-rich polvpeptids (PRP
colestrum hus o regulatory eflfect on the immune respense. To study the relut
structure of PRP and its immuno ncdulatory properties, the polvpeptide was dige
Products of the proteolvsic were separated by 22! filtration and three T ns wore
PRP-2 and PRP-3, The activity of the was compared with the activity of th

T c
[t was found that PRP-| was mnactive, whereas PRP-2 and PRP-2 sho ed an ac
of the immune response assured by meuzsurement of PFC. and by studyi 5
hypersensitivi formation of autologous rosalle sensitivity of thy s
hydrecortisone. The activi y of PRP-2 and PRP-3 wa: compiirable to the activity of PRP, RP-3
fraction of low mol wt was further punfied und a pure nonapeptide of mol. wi 1000 {PRP-3b) was
isclated. The amino acid sequence of PRP-3b was: Val—Giu—Ser—Tyr "&~—Pro—Leu~—Phe—Pro,
The nonapeptide showad the full spectrum of biologicul activities of PRP. Compurison of terminal amino
inal fragment of PRP. The amino

Pt

23 O L

rming cell. and

L

acid suggesled thut PRP-3b was acither the NH.- | H-terminai |
acid scquence of the nonapeptide indicated

nomoedulators.

INTRODUCTION

cur studies on ovine colostral immuno-
. 1t was found that [2G2 immunogiobulin
apay on DEAE-cellulase we

chromato

d with a proline-rich polypeptide (PRP).S 3 ano.

1
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biological role of PRP showe
hie permeability of skin vessel
[t also conrain

acids. A relatively low content of

1933).
formation on the relationski
- s strpe af p I ARTICTF
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Ce tor Jézel Lisowski, Department of presented in this paper showed the-
nochemistry,  Insidtute  of Immuaslogy d i
entai Therzpy, Polish Academy ol Sciences.
sKa, 534112 Wreelaw, Poland,
i Pebreviations; ARFC, au diogous rosctie-ferming cells:
i 3 chioride, S-dimethylaminoraphthalene-1- sequence of the [ragment was determined.

Ayl chioride; BSA. bovine serum aibu i B,

prepyi fluorophosphate: DTH, delax d-type hyper-
itivity; EDAC, ]-ezhy!—I\-(S-dimcthy!lmin?propy!)
mide; HBSS. Hanks' bulanced sait  solu-
PES. ¥-2-hydroxyethyIpiperazine- V- 2-cthane-
suifonic ucid; OSA, ovine serum albumin; PBS, 0.02 v/
D"I‘-csph':}te buifer containing 0.13 M NaCl, pH 7.2: PFC. Guanidine hvdrochlo
Peque-forming cells: PNA, sezaut aggluti PRP, Fiuka, Switzerland, h
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MATERIALS AND METHODS

Reagents end miscoilancous macerials

f{de was purchased from
dex G-10, G-25 and G-!00
naci

r
e : - LB 2 pha
preline-rich polvpeptide; TNBS, 24.6-tnnitrobenzene- L= ~ } ;
suifenic acid: SRBC, sheep rad blood cells; HC, hvdro- narmicia, Sweden. Carbox;-

S
were producis of Phar 3
SOttisone, peptidase B (EC 3.4.17.2), Ivpe [, treated with DFP:

| Eakrerd






x-chymotrypsin (EC 3.4.21.1) attached to carboxyl-
thyl chlulose (530 units per gram ol solid):
syl amino acids and ninhydnin spray

reagent were onf:vned from Sigma, St. Louis, MO.
vdrazine (“nhvdrous) dansyl chloride. phenyl iso-
iccyanate, triduoreacetic acid, trifftuoroacetic anhy-
dr‘;de‘ uunl acetate, butanc! and propancl were
purc ha“ed rom Pilerce Eurochemie. Rotterdam. Heol-
land. Pyridine, piates of silica gel G for TLC, were
obtained from Merck., Darmstadt, F.R.G. Giycine
methyl ester hydrochloride was a plDLU\:E. of Sigma.
Plates of pelyamide for TLC were purchased from
Schieicher- SL.”h_t.l F.R.G. Rabbit anti-mcuse [gG
i(1gG fraction) was obtained from Miles Inter-
national. Vienna, Austria. RBC were stored in an
Alsever solution. Before use, thev were washed 3
imes with PBS. All other rea gents were of analyneal

2

graae. To pravent any bacterial growth, ail buffers
and pretein selutions contained sodium azide {when-

ever it was possible to use it) at a final conen o
s
0.03%.

P..‘p{'d we Y
v Hartiey (1 3”.!)‘ ansslaming acdsweneddentined
polvamide sheets (7.5 x 7.5 ¢m) in solvent

;_e» TLL on

systems used by Flengsrud (1976).

Determinciicn of COOH-terminal amino wcids
(A) COOH

da were relea

Determination of protein content

The concn of PRP  was measursd  spee-
trephotometrically at 280 nm using & .‘
coeffizient, .-!5;0‘_”_, value of 7.82 (Janusz er of.,
1974). Prowin or peptide ccnteat in products of
proteolysis was meisured specirophotometricaily at
280 nm or by the Bradford (1976) method. using BSA
as a stancard, or by a dry-wt determinaticn.

Deierminaiion of the mol wit. of PRP-3b
i - Fo s . .
The mol. wt of PRP-3b was deiermined in a mass
spectrometer tvpe WSM-2 (Poland) using a iow-
pressure head.

1273 KRYSTYNA STAROSCIR of a..

fler salis p arati
added to 20 mg of PRP in 5 ml oF\ ater. Thﬁ‘rijcénd‘
mixture was adjusted 1o pH 8.0 and was !'mn'aalcm
with gentle stirring, for 20 iir at 30 C. The pYy ori
reaction mixture (S.0) was kept constani in

nu')I—’ L_u

ammonia selution. At the end of

1]
digestion, the rzaction mixture was centrif ugeq

for 10 min 21 2500 g. The precipitare w;r_

h I m! of warter (adwusiza with AMmopig. .
solution to pH 3.0). The supernatants were pooleq”
and adjusied with conc. formic acid te 1 M iy Iof’mt
acid. The products of proteolysis were 5(_")41“”“1 b;r
gzl fitration on Seghadex G-10 in 1 A formic Jtl-d.:"'
Three [ractions were obtained (designated ag PRP.}.
PRP-2 and PRP-3). The fractions were lyophil ‘deff_

remove water, formic acid and ammoeanium fo fr‘{dlr—
In the case of .;‘.comr‘ﬂcte removal of saits

o tion and 38315
I}'opn:i:zed. The number lpe d bo 1ds Cwe‘l‘-cd; o

Amine acid composition

S_”r:les of PRD or PRP-3b (1 mg) were hyvd
lvzed in 6 M HCI for 24 hr 2t {10°C in a.rpo
S-d:.\i::d ."A: recto. Tr‘n_ hydrolysates o Y

anaivzedina Loc

Prepurative Ber L“i» e l;.'li"f‘.',:’f

(+mg) obtained afier chymee.
of PRP wis applied to a Whatmag=4%

tanol-aceti—
¢ thes;
R il

(& b
=g

first with the upper pna~=. of- tu,%
solvent system used (5 x 6 ml x 5 min) and then wi -
107, formic acid (3 x 6 ml x 3 min). The eluates stf‘

) iy
pooled and dried in a vacuum rotary evapomﬁfg'?f;
==

Aming actd Seguende weterminarion

=

The amino acid sequence was determined bT_Eir
man L.Cl[ met H d as described b\ H artiey ( “9_‘0) Lﬁ*
NH,- :no

Bioassay systems
Antibody assay (PFC-198 und PEC-T
cof PRP on the primary T2




[mmunoreguintory frazs

and PFC-7S 10 SRBC in mice {(Misheli and Dutton,
1967) as described by Wieczorek o ul, (1979),

DTH. The effect of PRP on DTH was studiz
according to the procedure of Lacrurﬂe et al. (1974)
as described by Wieczorsk er al (1979).

dutologous rosette formation. Tn's assay was per-
ormed according to the procedure of Charreire and
3.1:‘1 (1975) with miner modificazions (Zimecki et al.,

1963). Rosettes with at least four erythrocyies per cne
viable thymocyte were counted.

Sensirizity 10 HC. The effect of PRP on the sensi-
ivity of thymoceytes to HC was studied according to
the procecure descrived by Zimecki o 4l {1982).

RESULTS

Digesiion of PRP with chymotr; psin

To facilitate the separation of the products of

chymotrypsin was
found that under

proteolvsis and salts, insojuble
used for digestion of PRP. It wa
the conditions used |3 pertide beonds in a PRP
5 "umit (mol. wt 6000) were cleaved du ring the
teolysis. The products of proteolysis were sepa-
amd by gel filtration in 1 A formic acid. Thre
fractions {monitored by absorption at 280 nm) des xg
nated as PRP-1, PRP-2 and PRP-2 were obtained
(Fig. 1). jLs:u-vrw the quantity of PRP used for
proteolysis was 1003, (by weight), 45-50% of the
material was recovered in fraction PRP-1, 30% in
PRP-2, and 0—13"0 in PRP-3. [t was observad that
ifer fractions PRP-1-PRP-3 had been eluted from
-10 (Fig. 1), a ninhvdrin- pui“ ve material
{presumably sm alf pepudes and, or free amino zcids)

as well as the ninhvdrin-positive low

‘T material were inactive in alf bicassays used
L A 5
D.?I
ool
ST
= 8
0.3
A
8
L=, | i ! ]
10 30 50 70

Fraction Ng.

Fig. 1. Gel fitration of oroducts of chvmotryptic digesiion
°f PRP on Sephadex G-10 in | M formic acid, Digestion
Praducts preparad from 230 '*‘D-D‘—PR werz appiied (10 mi)
@ the column (3.4 x 32.5¢m). The How rage was 24 mithr
d 3-mi fractions were collected. (AY PRP-! (tuhes 18-28),

(8) PRP-2 (tubes 32 =32). {C) PRP-3 ifuhes L1-80).

hey

Lu

omategraphy of PRP.3 op
P:,,umes were ocaiized with g
reag Irle“s:a'. of the spots: (7 weak. PRP-3a
(AJ: (8 very s rO"ﬂ PQD*JD {B); and () strong. PRP.2¢

) letai e Muterinls and Me: hods.
ton of the sample,

and were of no further interest for studies dezerined
in this paper. At the same time, fractions PRP-_ and
PRP-3 displa \ed an activity, as Jm*w'hrm., ulaors,
comparable with the acy] itv of the untrea d PRP (in
respect to the wt of 1.‘1& dose). Our .*"ur.ner sty
ncentrated on i‘*. PRP 3 fraction, since it con-
ned an active pep () [ presumubiy lower moj

wt. than that present in PRP-2
Properties of the PRP.3 fraction

Determination of terminal amin

0
showed that the fraction is composed of severa
peptdes. Attempts 10 puriry these peptidas by frac-
tionaticn on jon-excha: fgers were not fully suts-

factory. Separation
preparative paper
3 MM paper (Fig. 2
Assuming the qu:
was 10097 10-135% mat
-ac‘mn PRP-3a, 6070 Yy in PRP-3b, an
fraction PRP-3c. Determinavon of rc. o

cids showed that vaijne was the only NH.-tern

UG

1‘.:

amino acid found in PRP-31 and PRP 3. and va
and leucine wzre found in PRP-3 3¢, The only COO
terminal amino acid found in PRP-3b wa 13 proline.

I—o' comparison, terminal amino acids were aiso
determinad in PRP. [t was Fonn.mea that feucineg was
the NH.-terminal amino acid d {(Janusz er ai, 198])
and isoleucine was the COOH- lerminal amino acid in
PRP.

Biologiczl assays showed that the activity of the
PRP-3 fraction was fully related 10 the PRP-3p
peptide. It should be mentioned here that treatmen:
of PRP or PRP-3 with 1 s formic acid gnd 5
used for paper chromaroer arhy of PRP-3 showed no
effect on the b€ol'»01'c"l activity of the preparation,
The presence of only one NH,- and COOH-termizal
amino acid indicated thag PRP-3b was pure. The
vield of PRP-3h, in respect 1o PRP used for pro-
teolysis, was 7-9%;




atory rugmen

rmingtions.

RP. 1C PRP-2. :D,‘ PRP-3b. Burs

deno SE
tons. It was fourd that, in the cuse of the humoaral
smmune response. PRP stimulated low or suppressed

ne responses inst SRBC in mice (Wiec-
1979). The polypeptide generatzd cells
ipabie of inducing the GvH reaction from T-cell
srzeursors, induced  transformation of the HC-

wsitive thymocyte pool into 1 HC-resistant one, and
. PRP had an effect on the maiu
U »mocytes and the generation of s upp

high immu
sarekoerf al,

ration of
ressor T-cells

teamecki er al, 1982). The DL!‘—DL')[:\,C changes the
r.mber of -‘\RFC It lowered the number of ARFC
i 1_9 HC-r nt glass-adherent thymocyies and

sed .-\RFC in HC-sensitive n m-adh*rem cells
imeckt er af }‘,‘-ﬂn PRP increased the number of
cells in Tw‘*'i precursors from the

[‘10‘ ever, the exuct

iﬂ aur

pFSL‘LlFSOTS
rcells. The

S 150~

¢! from the thyy

n.moc.::s to HC. r c‘.\pc‘:‘.rncms‘ 14.—
ted by PNA were .-se'* The resistance of
A 18 expremas as pereent of the conwal (cails not
sith HC) 1A) Thymocytes (reated with HC in the

w20l PRP.(B), (C) and [i®))] L“"b treated with 1-1€-+-a }
P Treence of 0.0 0 or Lug of PRP, PRP-2 a
£ Tospeelive fenote SE. The vaives prescntcd
are JL\.!'J:_-!Ch of five determinations
LE*] i1

tlrom u proline-r

poispeptide 125

'

that PRP and thymic hormones disp piay
on autoimmunity {Zimecki e of . | ‘SJ L;iu el ol
1980) and T-cell maturation =Z-meck! er al, 19
Low eral, 1979: Pahwa et uf., 1980 Bach ¢t al. 19;
Auti and Wigzall, 1680). Thymopoietzin, similarly ro
PRP, can return the immune Falances toward nh.‘..;‘.i
whether initial
of enhance

nune deviztion was in th
ne responsiveness or sup-
2ss (Wieczorek /

!9&-‘)).

the imn

v

immun
e mimune FCSPOT‘:’\
979: Go!ds;ei. and La--

direction

bi olom;,.! afects dos
ever. on 2 molar basis, the activity of the non: 1p
{mol. wr 1000) was about six-faid loveer
activity of untreated PRP (.st.bL..“[ mol.
fact that Siological a
wias ant o a prolorgc; [.'C.:il‘!‘l\_.
formic acid or
matography facilit
PRP-3b.
Determination of terminal a
PRP-3b suggesis that PRP-3b is neither an NH.-
a COOH-zerminal fragment of PR
[t toning here that,
trypsin e‘;hibl's a rather broad \phuﬁ
of the peptide bond at the c;rooul uro
was unexpected. There is :

residue in PRP whic

resist 1t mm .‘»f
sed for chro-

mmification of

o

worih me

 the amino o

with sequences of other wrw omoe
showed a low homelogy w
Goldstein, [?79) and f.-. j,- .—1..(.’ !
and Goldstzin, 1932; Hannapel o uf..

o) sirmlawv o}

n the thymxc peplide rl-TS) om pig
serum (Bach er w/, 1977), 1o thymic humor r

lt\wk ei al., 1973) or 10 tulisin (Nishic i al.,
1972). The sequence Tyr—Vzl o or Tyr—Lau i
in thymopoietin {Foilers er uf. 1951).
quences and also Val—Pro, Pro—Leu,

—Phe, Phe—Pro and Leu—Phe are

Val—Giu,
also pra cr[

in many peptids hormones 2nd protzins with various
biolegical activities, it is rather dificult o 2 ascribe a

essential role of these sequences in the biologzca!
activity of PRD An analogue of the sequence
Val—Glu—Ser in PRP-3b js present in x -thymosin,
in the form of Val—Asp—Thr— (Low ad Gold-
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Tabie I. Amine acid cempesition of PRP and PRP-3b reptide

Amine acid composition (moles moale)

’ PRP-3b

Amia Neursst Neurest
ueld Found : Found Integer
Lysine L5 2 N.D. N.D.
Histidine 1.4 | N.D ND.
Arginine N.D. ND N.D. N.D.
Aspartic ugid 23 2 N.D. N.D.
Threonina 39 4 N.D. N.D.
Serine %) 3 1.4 1
Giuiamic acid 63 ] 1.3 |
Proline 1.3 H 1.8 2
Glycine 1.3 2 N.D. N.D.
Alunine N.D. ND, N.D. N.D.
Yaline 52 5 =5 2
Methicnine 1.8 2 N.D. N.D
Isoleucine 13 2 N.D, N.D.
Leucine 3.8 [ k2 |
Tvrosine 0.3 ) 1.0 |
Phen; lalanise 28 3 13 |
Cysteine ND N.D. N.D. N D.

Amine acid analvsis was performed s described in Matsria
Methods. The values presented are arcragss of (wo
minations. The results are expressed in meles of aming ae

=

moie of PRP subunit of mol. wit €000 Janusz er of., |98

is
d

s O

i).oor
in moles of amino acid'mele of PRP-35 of moi. wt 1000 N D

d.

not dete

Structure and properiies of PRP-36 pepiide

The mol. wt of PRP-3bh, determined in a mass
Spectrometer, is 1000. Cemparison of the amino acid
composition of PRP and PRP-3b is presented in
Table 1. PRP-3b contains nine amino zcid residues
only, in comparison to 50 amino acids present in the
subunit of PRP (mol. wt 6C00).

Determiration of the amino acid sequence showsad
the foliowing alignment of amino acids in PRP-35:
Val~GIukScr;Tyrg\;’aikProkLeu——PheﬁP:o.

Treatment of PRP or PRP-3b with & A guanidine
hydrochloride for 6 hr at room temp had no effect on
the biological activity of the preparations.

Eifects of PRP wnd its proteciytic fragments sn the
immune resgonse

The activity of PRP-3b 35 an immunomodulator
was compared with the activity of the untrented PRP

1000
[

PFC/108 calls

A B c

Fig. 3. Efect of PRP and its proteolytic fragments on the

primary humoral immune resposae. measured by deter-

mination ol PEC-19S. Mice were injected with PRP (D.0I,

0.1 or | pg/mouse) 48 and 34 hr before application of the

antigen (SRBC). (A) Control (PBS). (B) PRP. (C) PRP-2.

(D) PRP-3b. Each experimental group of mice contained |0
animals. Bars denote SE.

KRYSTYNA STARCSCIK ef of,

3
w

Fig. 4. Eﬂ';ct ot PRP ind s Preleoiitic fragmenys on g
secondary immune rEsponse o SRBC PEC.TS, Mice wus
sensitized with SRBC, then trested with PRP upg SRBC;"‘:’

dlemals urd Methods: for other ¢ :

=
(=}
2
1.
a
E
2
&
[
(47
P
=7
[
119
a
=
1w
{
M
L

(eTect on PFC-19S and 7S, DTH . autologous r i 4
formation, sensitivity to HC). For the sake oFcbﬂi‘%ﬂ
parison, the resulis of studies of the acta‘vi[yﬁ%f
fracticn PRP-2 obrained after chromatographyﬁﬁ
Sephadex G-10 of cigestion products of PRP are 42
included. As is presented in Figs 3-7 PRP-3b'p
ucally showed. in all dioassays used. the Same activ,
as untreated PRP or fraction PRP-2 (in respect to 1
wt dose of the prepuration). S oI
Control mics were treated with PBS. It hag %’ 5
previously found thag control values were siniiﬁi‘ra“}i'
irrespective of the use of PBS. BSA. OSA or p{?qé"éé

L-proline.

DISCUSSsION

During vur previous studies we |
PRP had regulatory =fect op th
PRP showed various e

Footpad swelling [units (0.1 mm))

Fig. 5. Effect of PRP and its proteolytic fragments 023
cellular immune cesponse. Mice v ore treated with PF
I or 10 pg/mouse) and SRBC us described in Maten:
Methods. Each experimentai group contained 10 3
Ordinutes: swelling of foot-pads of mice in units £
corresponds to 0.1-mm increase in swelling). (A) Cos
(PBS). (B). (C) and (D) PRP. PRP.2 and PRP-IB

spectively. Bars denote SE. ;



stein, 1979). However, there is no information on the
role of this sequence in the activity of z-thymosin.
Nevertheless, it is interesting that peptide substances
with such different amino acid sequencss as PRP-3b
and thymic hormones display similar immuno-
regulatory activity. Chemical synthesis of PRP-3b
and its analogues (under studies in our laboratory)
wiil be of great help in elucidating the mechanism of
action of the peptide and the relationship between the
structure and immunoregulatory activity of PRP-3b.

PRP-3b, which is a fragment of a substance iso-
lated from a natural source, is one of a few peptides
of known structure with immunomodulatory proper-
ties. Therefore, it could be of interest in studies on the
mechanizim of the immune response.
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Zofia Wojcik.
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