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Hydrolytic Cleavage of Pyroglutamyl-peptide Bond. V. Selective Removal
of Pyroglutamic Acid from Biologically Active Pyroglutamylpeptides in
High Concentrations of Aqueous Methanesulfonic Acid
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Application of aqueous methanesulfonic acid (MSA) for selective chemical removal of pyroglutamic acid
(pGlu) residue from five biologically active pyroglutamyl-peptides (pGlu-X-peptides, X=amino acid residue at
position 2) was examined. Gonadotropin releasing hormone (Gn-RH), dog neuromedin U-8 (d-NMU-8),
physalaemin (PH), a bradykinin potentiating peptide (BPP-5a) and neurotensin (NT) as pGlu-X-peptides were
incubated in either 70% or 90% aqueous MSA at 25°C. HPLC analysis of the incubation solutions showed that
the main decomposition product was H-X-peptide derived from each pGlu-X-peptide by the removal of pGlu.
The results revealed that the pGlu-X peptide bond had higher susceptibility than various internal amide bonds
in the five peptides examined, including the Trp-Ser bond in Gn-RH, the C-terminal Asn-NH, in d-NMU-8, and
the Asp-Pro bond in PH, whose acid susceptibility is well known. Thus, mild hydrolysis with high concentrations
of aqueous MSA may be applicable to chemically selective removal of pGlu from pGlu-X-peptides for structural

examinations.

Key words

Biologically active peptides bearing pyroglutamic acid
residue (pGlu) at the N-terminal are widely known. The re-
moval of pGlu residue from a pGlu-X-peptide (X, amino acid
residue at position 2) is required for the primary structure de-
termination by Edman degradation. Our previous studies in-
dicated that pGlu-X peptide bond is highly sensitive to mild
acidic conditions, generating not only the ring opened prod-
uct (H-Glu-X-peptide) at the pyrrolidone moiety of pGlu, but
also the cleavage product (H-X-peptide) at pGlu-X link-
age."? High selectivity to remove pGlu-OH from synthetic
model pGlu-X-peptides was attained in concentrated hy-
drochloric acid” and in 70% aqueous methanesulfonic acid
(MSA).*> The aim of this study was to compare the selectiv-
ity of the cleavage reaction at pGlu-X bond in aqueous MSA
with various internal peptide bonds in five biologically active
pGlu-X-peptides, containing well-known acid sensitive
amide bonds. The sequence of these peptides, namely, go-
nadotropin-releasing hormone (Gn-RH; 1),® dog neuromedin
U-8 (d-NMU-8; 2),” physalaemin (PH; 3), a bradykinin po-
tentiating peptide (BPP-5a; 4),” and neurotensin (NT; 5),'"
are shown in Fig. 1.

Experimental

General and Apparatus HPLC analysis was performed on a module
consisted of a 7125 injector (Rheodyne Inc., U.S.A.), a 616 pump, a 600 s
controller, a 486 tunable absorbance detector, a 717 plus autosampler, and an
SDM solvent degas module (all from Waters Corp., Milford, MA, U.S.A.).

1
Gonadotropin-Releasing Hormone (Gn-RH, 1)

1
Dog Neuromedin U-8 (d-NMU-S, 2)

1
Physalaemine (PH, 3)

1
Bradykinin Potensiating Peptide 5a (BPP-5a, 4)

1
Neurotensin (NT, 5)
Fig. 1. Biologically Active Pyroglutamyl-peptides (pGlu-X-Peptides)
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Amino acid analysis was conducted on a 7300 Model amino acid analyzer
system (Beckman Instruments Ltd., Fullerton, CA, U.S.A.). The hydrolysis
of a synthetic peptide was performed by 6 M HCI vapor at 130°C for 3 h.
Fast-atom bombardment mass spectra (FAB-MS) were obtained on a JMS-
DX300 mass spectrometer (JEOL Ltd., Tokyo, Japan). Optical rotations of
the peptides were measured with a DIP-370 digital polarimeter (Nippon
Bunko Co., Ltd., Tokyo, Japan). HP-TLC analysis was carried out on pre-
coated silica gel plates (Kieselgel 60; Merck, Darmstadt, Germany).

Peptides Syntheses of Gn-RH (1), PH (3), BPP-5a (4) and NT (5) (Fig.
1) and various fragment peptides related to these biologically active peptides
(Figs. 2, 5, 6, 8, 9) were carried out according to a method previously re-
ported for d-NMU-8 (2).'" Protected peptide resins were constructed by Boc
strategy either on a benzhydrylamine resin or a chloromethylated poly-
styrene resin (Peptide Institute Inc., Osaka, Japan) using a peptide synthe-
sizer (ABI 433A; Applied Biosystems, Foster City, CA, U.S.A.). Side chain
protected Boc-amino acid derivatives (Watanabe Chemical Industries Ltd.,
Hiroshima, Japan) were Tyr(BrZ), Arg(Tos), Asp(OcHex), Lys(Cl-Z),
Ser(Bzl), His(Bom) and Glu(OBzl). The protected peptide resins were
treated with anhydrous liquid hydrogen fluoride (HF) containing 10%
anisole under ice cooling for 45 min in a Teflon HF apparatus (Peptide Insti-
tute Inc., Osaka, Japan). After evaporation of HF in vacuo, the residual pep-
tides were purified by HPLC, using a column of YMC-pack ODS-AM S-5
120A (20X 150 mm) with 0.1% TFA-acetonitrile (MeCN) solvent system.
Finally, the peptides were gel-filtered on a column of Toyopearl HW-40
(super fine) (1.5X47cm, Tosoh Co., Tokyo, Japan) with 25% MeCN in
5X1073 M hydrochloric acid as an eluent; and lyophilized. The amino acid
analysis data of various synthetic peptides are shown in Table 1, and their
FAB-MS analysis data and characteristics are in Table 2.

Cleavage Reaction of Peptides in Aqueous MSA  Solutions of the bio-
logically active peptides were prepared at a concentration of 10> M in either
70% or 90% methanesulfonic acid (MSA) under ice cooling. To examine the

10

pGlu-His-Trp-Ser-Tyr-GlyLeu-Arg-Pro-Gly-NH,

8

pGlu-Phe-Leu-Phe-Arg-Pro-Arg-Asn-NH,

11

pGlu-Ala-Asp-Pro-Asn-LysPhe-Tyr-Gly-Leu-Met-NH,

5

pGlu-Lys-Trp-Ala-Pro-OH

13

pGlu-Leu-Tyr-Glu-Asn-Lys-Pro-Arg-Arg-Pro-Tyrdle-Leu-OH

© 2006 Pharmaceutical Society of Japan



.6
Vol. 54, No
828

liquots
.. into ten a nd
ions were divided htly capped ae—
lutions wert ere tig ere 1
ide so hich w ples were re-
these pepti bes (2ml), w aratus. Sam 2—9), neu
reactions, opylene tu ulated app n in Figs. 2
leavage in polypr ically reg. ime (show! il analysis. . f
B C10 0 ul each) in p thermostat propriate ti 40 °C until ai ion solutions o
2 ( °Cina at an ap, rat — ubation solu-
= at 25 aratus in a freeze d Inc MSA
: kept the app d kept in a Produce in aqueous ODS-
0 = oved from Ooling an ragments t 25°C in MC‘pack 1-
Ty B mov d under ¢ eptide Fi kept af ingaY ere co
00 O 00 — [; % g p lQ ™ T tra’iljeenﬁﬁcation Ofpl;plt)ides (3*5 g]:%-)HPLC er;ﬂlg()};o each pearl:tswwere de-
- 3 — T i . to ndi . me -elu-
S R KR T iologically active bjected ¢ ITespo tide frag co-e
= —© FaliveRbon i logic ere sul ials co . d pep ed by ™
> | o SIS R 5 bio —5ml) w . Mater isolate confirm esil
S |guey sccss z tions (13>< 25.cm) C~Olli1mg tructures Of;}g*_Ms, and th:;)LC using a Pur
§ ==Zagsezs = § “a o AM é and 1y013hihz.(z1 ;inalysis and;e on analytical he remain-
2 SSESSEIIiics il thontc sythotc pept wots (154 of sach of
A/‘\O!—iv\—/ o S oo S — o Cedby tic syn ine the a 5 l)of
C:S;:w —S8=z8¢ < z du with authen column. To determin aliquots (15 RP-HPLC
STz SEAS3 ccg | § e 6250 mm) col Peptides svage products subjected. olysates were
ZZE3S _ SIS : Cig (4. alysi he cle: A we ir h roly er-
— — SSs T 5 An . dt MS their hy as p
=== as = < ; HPLC terials an . ueous ials and alysis wi ith
oo laRalw) = oSS —_ = b ing mal ions in aq ing materi HPLC an tion wit
~~ TSI X g =) - o ing start ion solutio the startlng_ samples. radient elu 4),
< 2% E =3 = ; MMM M % the in?ut?}tlle peak areai ;)}l’cnthetic pe?g?ﬁm) COlumréalgH ). B;Pi-jj)(l%
Zi52% SRR o | E lysis. The s¢ 0 6X2 % for Gn- @ [
2| 83 . M M =SS | E analy ith tho A TM 4. 24% for PH th of
31222 R sasass 5 ared w sil™ Cy 16 to 25.6% veleng
5 eefieslies S=Z=Z2Z=Z22S gy pd % 5 Comped using a Pu:ieons of MeCNLE_g (2), 2(,) todetection ata Waeated 46
g 2 Z22EcSe R 2 form~ng T d'N?/Il ml/min with lysates was 0
g ===z = D RN i id hydroly 0%.
£ SRS @gaqgco'?._._~ s vary (), 16 to W rate o acid hy Sto x5
g o n owo-o?.. S U 2 and NT in at a flow rat of the of +2.
— Sy — S P =] min S1S . (5
£|833 Zs ZEZZE3 saa | @ Monm The HpLC e e e d
©le A AT G DS 2 210nm. age valu de
% v oEsq |2 The aver degra
S8 g imes. H (1) -
~~ g 223 tim, . Gn-RH (° ecom
SSSIES : :  Renction of Gu-RH (1) ving various decom.
g § Q ‘ = ‘(:: E Results ane Reaction OMSA at 25 O.C gn reactions of centra-
< |9 SN g Cleavag ueous mposltlo, ious con o 2
- ~— L g idly in 70% aq e deco . in var in Fig. 2,
DI S 000 2 rapidly H(l)duct& Thus, thwere exammzdh As shown 1rada'fion
o2 o >N 3] T S T . € .
I Tgzsag4as 5 P"Sedéo its hydrolys;lé?%) at 25°C fopromoted th}f dc%termlnal
2| —ee- 8 (1) an, 10— tration prom f the OH
5 S88 |3 SA ( centr idation o -RH-
= aaaaq 5 ion of M SA con mida Gn
- Qg = tion fM A, dea duce . on-
~ooo N 3 increase o % MSA, to pro in higher ¢
e e [ ] = — | E the incr In 30% inantly, tly in hig nd
=~ - CV‘“@“S - . -RH (1). edomin d grea Y tide bo.
SESES) 2 lgs 2222 £ of GnH occurred prhich decrease T%I)LSer pelie) and its
~ N o~ — 1
S sg z s 2 I8Q | = GIY'I\iheZ amount (K “I,n 70% MS}‘IA@ 10)'NH.2t-(0n reaction
S < SIS ) ) SA. -R * ositi A
e - >~ o e 4 (lc > s of M ce Gn Decomp X f MS 4
) L legs = |5 ntrations to produ: (1d). tration o '
~~ oo 0 — et ce inl -OH ncen sed in
sco coo a3 5 22 % cleaved mj‘t Gi’_RH (1*2 d in higher §2r4 was suprJr":‘HS (1a)
o= 2222 g . -
3le3z 358 E o GrRI (1) s Cthe N-terminal A RH (210 b incu.
— = s = ‘ 2 of Gn- ¢ at the . of Gn- ofiles o are
8888 8 : cleavage at the Noter o profiles of the ¥
Sl 2 : but the he pro SA.H d 90% MSA e
o ) AT in 90% M - % an the tim
SRR = ] % MS din9 in 70% from ;
I lss 333 2 90% increase RH (1) As seen ing in-
s == £ kedly i f Gn- ively. ts during |
= = ar . s o cctively. / duc ) ide
< S ||| § g;tion mlxj[ure3 A and B, re.is hydrolysis proGlll'Hls b er;Hz
SSeggeg | = hown in Figs. H (1) and i °C (Fig. 4), p (2—10)- )
S88 & 5;»2&%@23 5 sho s of Gn-R SA at 25 ield Gn-RH 3)-OH (1d
Sez, S 55585¢ £ obation i 90% M ved to yie -RH (1—
] > N — N gl ) . E] tion in ) tly clea hile Gn | oducts.
15 |9 2 & c888a |2 cuba dominantly tin3h, w he minor pr d-NMU-8
= - Sgggegesy 2z2 S bond praemajor PYO?‘;?H (1e) were tomposition O}f Arg-Pro-
= A:C:Cv:mgqq(\i(\i‘\' = 1a) as —10)-NH, Dec Leu-Phe- in
> o0 :vvﬁvgcnf“-;o” 2 ( RH (4 U-8 (2) -Phe- the ma
z =< £3832858 : o e e )
Slelsss S3223 sc | = " Reaction of A at 25°C "5 NH, (2a)] U-8-OH (2), )
< | & 33 ) £ in 90% MS 8 (2— 1 4-NM 8)-OH (2e
= —— | E:@ © = g (2) in NH, [NMU MU-8 (2b), MU-8 (2— SA. the
= —_— | g s PSP g Arg-Asn- nd [Glul]'de) ¥ and d-N r, in 70% M Nﬁz of
=4 = < - = a (S . =
g s oa || S2z g product, U-8-OH ( §B). However, rminal Asn ition
1511 g28 cc2 | & [Aspg]'d‘NMd cts (Fig. ) at the C-te in decompos si
RS == A 5 . rodu 2c—e he mai mposi-
2 ~~ T== or p the eco
& sgggac l2zs¢g 3 as ml-r:iation Pfoductseg greatly, a?lfig SA). Th? dter in 70%
[ QQVVVN”‘ —— == o mi increas ) : h fas
5 IS5 3 S = ° dea 2) inc -OH (2¢ d muc
E ANNEEE I a2 B d-NMU-8 :«,SS d-NMU_%% (2) proceede 70% MSA
= 2 S = 2 duct w. NMU- in °
g < 3] prO . Of d' SA PH (3) Chro-
%) s . eaction 90% M ion of HPLC
- = | & tion 1 red to cubatio ks on (27
2 R ompa 3) In pea as PH
= = |5 MSA ¢ f PH ( erous duct wi ield
E = ale tion o € num in pro dtoy
= U —_ ~ —_ — eac avi mai . On _
% = 32 58533 272 Pyl however, the * peptide b at pGlu
2 ) =5 & Srzis, 28 |3 at 25°C ig. 6), how Asp’-Pro’ p tent than
g T 572 1% vgz"“’.‘ia[:k = togram (Fig. leavage at a less ex
< ZEAQE';U\JEE %A*A&‘L’EZZ. £ ma H(3a)~cef)occurredto
2 s, AVVSQ'_'NAQ/JEI::V@ |’u_w—'.u'? == 11)-NH, H, (3
2% 9554;:52%“;‘?—:3‘355 T2 PH @1,
o | § évaD 5T as [CR=RCR A
K gqiiizséiéaiﬁgz <
- L L Z o Oz 9
B EEEEEE
— o=
2
[—1



June 2006

Table 2. FAB-MS Analysis and Characteristics of Synthetic Peptides

829

FAB-MS [o]2 HP-TLC?
Peptides® Formula Found (c=0.5)

[M+H]* (50% AcOH) Rf! Rf*
Gn-RH (2—10)-NH, (1a) CsoH,oN,O 4 1071 —25.2° 0.40 0.43
[Glu']-Gn-RH (1b) CssH.7N,O 1200 —28.4° 0.32 0.29
Gn-RH-OH (1¢) CssHN, O, 1183 —40.8° 0.34 0.44
Gn-RH (1—3)-OH (1d) C,,H,,NO; 453 —4.8°9) 0.38 0.51
Gn-RH (4—10)-NH, (1e) C53HgN,, O, 748 —40.8° 0.43 0.44
d-NMU-8 (2—8)-OH (2e) C,sHggN 4O, 949 —40.8° 0.33 0.46
PH (2—11)-NH, (3a) Cs3H N3O0 ,S 1154 —24.0° 0.36 0.49
[Glu']-PH (3b) CsgHggN,,0,,S 1283 —23.2°9 0.31 0.47
PH-OH (3¢) CsgHgsN;;04,S 1266 —69.2° 0.36 0.48
[Glu']-PH-OH (3d) CsHgsN 3OS 1284 —61.2° 0.26 0.44
PH (2—11)-OH (3e) Cs3HgN,,O S 1155 —59.6° 0.32 0.46
PH (4—11)-NH, (3f) C,sHgoN;,0,0S 968 —14.8°9 0.39 0.50
BPP-5a (2—5) (4a) C,sHy(NO; 501 —27.6° 0.26 0.31
[Glu']-BPP-5a (4b) C50H5N,Oq 630 —44.8° 0.20 0.33
NT (2—13) (5a) C3H; 1Ny Oy 1561.9 —55.0° 0.37 0.16
[GIu']-NT (5b) CogH,53N,,0,, 1690.9 —69.5° 0.30 0.17
[Asp®]-NT (5¢) CogH 50N500,, 1673.9 —79.3° 0.36 0.44
[Asp®]-NT (2—13) (5d) 3H;15N 1601 1562.9 —69.9° 0.33 0.22

a) The structures of peptides are shown in the figure captions of Figs. 2, 5, 6, 8 and 9. b) Rf', n-BuOH : pyridine : AcOH : H,0 (30:20:6:24); Rf?, n-BuOH : AcOEt:

AcOH:H,O(1:1:1:1). ¢) ¢=0.2.
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V  Gn-RH-OH (1c) OH
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Fig. 2. Relationships between the Concentration of MSA and Gn-RH and

Its Hydrolysates after Incubation at 25 °C for 4 h
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gn-th

gn-rh, Gn-RH (1); a, GnRH (2-10)-NH, (1a); b, [Glu']-Gn-RH (1b); ¢, Gn-RH-OH (1c);

d, Gn-RH (1-3)-OH (1d); e, Gn-RH-(4-10)-NH (1e).

Fig. 3. HPLC Profiles for Gn-RH and Its Hydrolysates after Incubation in

70% (A) or 90% (B) MSA at 25°C for 4 or 3h

HPLC conditions: column, Puresil™ C,4 (4.6X250 mm); elution, linear 40 min gra-
dient elution from 16 to 24% MeCN in 0.1% TFA; flow, 0.8 ml/min; detection, 210 nm.

Retention times (#;, min) were shown in parenthesis.
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Fig. 4. Time Courses for Gn-RH and Its Hydrolysates during Incubation

in 90% MSA at 25°C
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Fig. 5. Time Courses for d-NMU-8 and Its Hydrolysates during Incuba-

tion in 70% (A) and 90% (B) MSA at 25°C
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Ala bond, however, the production of PH (4—11)-NH, (3f)
in 70% MSA was slightly higher than in 90% MSA (Figs.
7A, B). The deamidation at the side chain of Asn® and at the
C-terminal Met-NH, was insignificant.

Reaction of BPP-5a(4) HPLC profile of the incubation
mixture of BPP-5a (4) in 70% MSA at 25°C and the time
courses of BPP-5a (4) and its hydrolysates are shown in Figs.
8A and B, respectively. After 2d, 24% BPP-5a (4) remained
in the incubate, and the yield of BPP-5a (2—5) (4a) was
56%, the ring-opened product [Glu']-BPP-5a (4b) was less
than 1%, and the other minor products were not determined.

Reaction of NT (5) Incubation of NT (5) in 70% MSA
at 25°C for 24 h produced complex degradation mixture as
seen from the HPLC chromatogram (Fig. 9A). Main peak in
the chromatogram corresponded to NT (2—13) (5a). Four
other peaks were also identified and the remaining small
peaks were not determined. The time courses of the hydroly-
sis products are shown in Fig. 9B.

Selective cleavage of pGlu-X peptide bond was performed
in either 70% or 90% MSA at 25 °C for all pGlu-X-peptides
examined in this study. The reaction of Gn-RH (1) yielded
more than 60% of the X-peptide [Gn-RH (2—10)-NH, (1a)]
after 3h in 90% MSA at 25°C. The cleavage reaction at
pGlu'-His? peptide bond proceeded so rapidly that the other
reactions such as the ring open reaction at pyrrolidone moi-
ety of pGlu', the deamidation of C-terminal Gly'®-NH, and

ph

K

-

peak (R, min)  peptide 1 2 3 4 11
ph (43.5) PH(3) pGlu-Ala-Asp-Pro-Asn-Lys-Phe-Tyr-Gly-Leu-Met-NH;
a  (36.5) PH (2-11)-NH; (3a) NH;
b (37.6) [Glu']-PH (3b) H-Glu NH,
¢ (45.9) PH-OH (3¢) OH
d (39.9) [Glu'|PH-OH (3d) H-Glu OH
e (39.0) PH (2-11)-OH (3e) OH
f (34.8) PH (4-11)-NH; (3f) NH,

Fig. 6. HPLC Profiles for PH and Its Hydrolysates after Incubation in
70% MSA at 25°C for 0.5d

HPLC conditions: column, Puresil™ C,q (4.6X250 mm); elution, linear 40 min gra-
dient elution from 20 to 25.6% MeCN in 0.1% TFA; flow, 1.0 ml/min; detection,
210 nm.

100
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20

0 0.5 1 1.5 2
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O,PH(3); @, PH (2-11)-NH; (3a); A, [Glu']-PH (3b);
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the hydrolysis of the other internal peptide bonds in Gn-RH
(1) were suppressed. However, in 70% MSA, the cleavage of
an internal peptide bond of Trp*-Ser®, was the predominant
reaction. The cleavage of the peptide bond at the N-terminal
of Ser was possibly via N-O rearrangement reaction followed
by the hydrolysis of the ester bond as seen in concentrated
hydrochloric acid.'® In 90% MSA, d-NMU-8 (2) yielded the
X-peptide [d-NMU-8 (2—8)-NH, (2a)] as the main product.
While, in 70% MSA, the greater decomposition of the C-ter-
minal Asn®-NH, took place compared to the cleavage of
pGlu'-Phe? bond. Concerning the decomposition of peptides
bearing C-terminal Asn-NH,, we recently reported the stabil-
ity of porcine neuromedin U-8 in detail, where it was shown
that the Asn-NH, portion was hydrolyzed to produce pep-
tides bearing Asn-OH, Asp-NH, and Asp-OH in dilute acidic
solution.' The hydrolysis experiments of Gn-RH (1) in 10—
90% aqueous MSA (Fig. 3) showed that the deamidation re-
action at C-terminal amide portion was enhanced in lower
concentration of aqueous MSA. The reaction of PH (3)
yielded the X-peptide [PH (2—11)-NH, (3a)] as a main
product, demonstrating the cleavage of pGlu'-Ala® peptide
bond occurred to a greater extent than the internal peptide
bond of Asp’-Pro*, which has previously been reported to be
one of the most susceptible bonds to acidic hydrolysis.'*!®
Treatment of BPP-5a (4) with 70% MSA yielded H-Lys*-
Trp-Ala-Pro’-OH (4a), indicating that the cleavage occurred
almost exclusive at pGlu'-Lys® peptide bond in 70% MSA.
NT (5) was decomposed by either a non-specific hydrolysis

A a B
100

bpp

80

604

40

Mole (%)

20

0

0 05 1 15 2
w Time (days)

peak in A (R,, min) in B peptide 1 2 5
bpp (30.9) o BPP-5a (4) pGluLys-Trp-Ala-Pro-OH
a (22.8) [ ] BPP-5a (2-5) (4a) — OH

b (24.6) A [Glu!]-BPP-5a (4b) H-Glu ————OH

Fig. 8. HPLC Profiles (A) and Time Courses (B) for BPP-5a and Its Hy-
drolysates during Incubation in 70% MSA at 25 °C

HPLC conditions: column, Puresil™ C g (4.6X250mm); elution, linear 40 min gra-
dient elution from 16 to 24% MeCN in 0.1% TFA; flow, 1.0 ml/min; detection, 210 nm.

100

Mole (%)

Time (days)

A, PH-OH (3¢); O, PH (4-11)-NH, (31).

Fig. 7. Time Courses for PH and Its Hydrolysates during Incubation in 70% (A) and 90% (B) MSA at 25 °C
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A 100
80+
=2
2 40
20+
c
bd
M 0 & "
_‘\ 0 0.5 1 1.5
Time (days)
peak in A (R, min) inB  peptide 1 2 5 13
nt (48.1) O NT(5) pGlu-Leu-Tyr-Glu-Asn-Lys-Pro-Arg-Arg-Pro-Tyrdle-Leu-OH
a (36.2) @® NT(243) (5a) OH
b (38.7) a [GIu‘J—NT (5b) H-Glu OH
c  (49.6) A [Asp’]NT (5¢) Asp OH
d (37.7) A [Asp’]NT (2413) (5d) Asp OH

Fig. 9. HPLC Profiles (A) and Time Courses (B) for NT and Its Hydrolysates during Incubation in 70% MSA at 25 °C
HPLC conditions: column, Puresil™ C ¢ (4.6X250 mm); elution, linear 40 min gradient elution from 16 to 24% MeCN in 0.1% TFA; flow, 1.0 ml/min; detection, 210 nm.

of the internal peptide bonds or the deamidation at the side
chain of Asn at the position 5 in 70% MSA, resulting in the
appearance of numerous peaks on HPLC chromatogram (Fig.
9A), with the peak of NT (2—13) (5a) decidedly the largest.
When the hydrolysis was carried out in 90% MSA, the un-
known peaks eluted earlier (z; <35min) on HPLC chro-
matogram became larger than peak a (data not shown).

The half-life period (¢,,,) of Gn-RH (1) in 90% MSA at
25°C was 1.4h (Fig. 4). Previously we reported a highly se-
lective cleavage of thyrotropin releasing hormone (TRH,
pGlu-His-Pro-NH,) under similar conditions, where more
than 50% of TRH remained intact after 72 h.> Thus, there
was a large difference in the susceptibility of pGlu-His pep-
tide bonds in Gn-RH (1) and TRH under similar conditions.
In each pGlu-X-peptide, the cleavage reaction of a pGlu-His
peptide bond seemed to be greatly affected by the amino acid
sequence that followed it. The ¢,,, values of the other biologi-
cally active peptides were quite varied at 72 h for d-NMU-8
(2) (in 90% MSA), 15h for PH (3) (in 70% MSA), 20 h for
BPP-5a (4) (in 70% MSA), and 15h for NT (5) (in 90%
MSA). Thus, the susceptibility of various peptide bonds in-
cluding the pGlu-peptide bonds was dependent on the pri-
mary structures of these peptides.

Present study demonstrated that the selective removal of
pGlu residue from various biologically active peptides could
generally be attained by means of high concentration of
MSA at low temperature, which may be applicable to struc-
tural examination of pGlu-peptides.
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