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Glyceryl Esterification of Fibroin
Peptide by Papain
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Abstract Papain hydrolysate of fibroin was found to be mainly composed of several even-numbered peptides that can
be produced at a large scale and can be used as a precursor for biological fine-chemicals such as peptide
detergents. Thus, the hydrolysate was further modified to synthesize a peptide mixture of glyceryl esters using
the identical enzyme for the production of such chemicals. Formation of glyceryl ester of each peptide was
confirmed by identifying peaks of the nominal mass shift of +74 Da in mass spectrometry. Analysis of the mass
spectra indicated that glyceryl esters of di- and tetra-peptides were the major constituents of the mixture and
that alanylglycine was most preferentially esterified. It also suggests that papain prefers dipeptide to tetrapeptide
and alanine to serine or tyrosine at P, position as substrate for glyceryl esterification. The glyceryl esters were
recovered using ion exchange resin and the yield of glyceryl esterification recorded was 17.8% by weight.
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Frell (Bombyx mori)®] 3L2||A Arkel= A o
A THZe gipie] thildy) ge] F7)7} 2R opw
=2kQ1 S22 (glycine) €2HA (alanine) A9 (serine)] &
Au7}y Zk2) 48,32 2 11%E AA19) 91%S xpA]8h [1],
ekl deid, Al 9 Efe]24] (tyrosine)©| wHlE x| 3
H Gly-X (X: Ala 65%, Ser 23%, Tyr 9%)7} ¥HE&]=
oiAF M TZE 7|3 Ut} [2]. Jeong 5 [3] o9}
o] oAt Ao HHEE = EAS o] 83l] mHES
HuRle g 7kast [Gly - X]o - (n =2, 4, 6 B 8)%I
Ae] g1 Heo]|=r) tiFE] M EEES A4S
Akar Haslgit)y. o Ao JlitaEo] JlEle]=
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2238 vl gkl i, 9B 291 yigReEe vl Als
A 79 A Jeo|=g F2 FAE] UL 4H
3 FEOE i B 5 o] vt sl s
2 88 F s AR EH o E 0] JEe|=%}
ZEME (elyceride)”t 233 1-peptidyl-2-arachidonoyl-
3-stearoyl-sn-glyceride™ <] A A== AFEA
E4olt} [4]. o]e} Zo] Aite] TR JEll=Y FRE
gEjste] bt flgto|ls SYAREE F4E & AL,
ol5 Folle 53 AEES 7HIE HE|= SgAlz=
7F J& g AL, ofF7ER] o8} 2 TRkt HEle|E =
A EE AT Bae Qiok A7 SEtel= Al
oh|=At SEAIE =TT AZE- vlol e AU gAIZA At
st Exog g4ZQl WHo g FAH ut ot [5]. 3Ele]
E S 3aAoE Thesly Ve M R
dH A loy, o] HAelA ZHte] slefo] =9 Ao W3t
£ AFEAIE ol gst] FA% A= B vt gtk
aejal =] BN o] TR/Y 71d] 9 &4}




396

WSS B, B W) B4, 1950 el nhE et
8 5 o] oA Fidkel 714
o}

welr] B Aqelxe vBEQ] Jlelol=E goFog 5
2151e] Feol= AP =S SHske FUAAIE vladl
< ol&sle FEHME =ES vhE-S B3l sB=E )
Elo|=9] FE|AE oAEE he WSS Skt
53] Tl HEto| = Zlgial] SRRk ofe} o 2F
NG (esterase) o] S FAlAl 7HAAL QIO EE [6],
A0 R | ~EE ISt AR o] Sith e}t 1)
1 f718w7E M7k Z2sRIA T2 oprakl gt
US FER/E odl2FH AFA71AY [7], SEe|=0 olet
25 o=EH AFA7IAY [8] Z2 D, L opv|i=itke] 8t
=4 [9] AHEEJEE ©]F Mintin 5 [10]S T9}Q1o & N
o] B ¥ ofe] TR ofn|iite] SFEMES o2H
A7) RS AF3ITE E4F dl2E3) ko] &
|2 B ARSEE EfLle 2] gule e 7|1E
Eold [11]& 7HAaL Jou= tiekst 7|dol| =M ol
HE AT & JS Ho= oddn

uetr] B Aol A, gulo g JieREE mr 2l
el =of| FrHH o7 FEAES FFeL RS
WA A FH 2] JEo| e SEME o ~H AR
PGA7)= ANEES AlEEISIT) Cl2E AdS 5]
Aeie 7HFE717F sEl = A -2 AdEjoll A -COOH Y]
OH7|7} &4-o] &9 ofmlieibe] 7]} =427
S A F EEuolof SRR, of|2H 3} ¥hg-2 JElo]
=9 7HEA7]9] pKa HETH T3] W pH 304
o] FYAES st wEgAI71aL Zzte] sElo| =]
ST ol2E Y A e AR o)Lt A
217] (ESI-MS)E o]-&3le] 4331t o} AdH =2
A o 2~Ele 7HEA] dto] o 2E|8lE| o] -8 A
FHE Me FS 83t olxudrA AHS 0§

ao] 2)5ratsn.

Mz H U
=

B A9 A48 MRl Aelol=t WEEY A8
Ao 2 F14HAZ AUTERAL HaoloR TR
gl sty Az3FAT [3]. ZHF<I (crude papain, 1 U/mg),
dithiothreitol, formic acid, trifluoroacetic acid (TFA) 2
acetonitrile> Sigma-Aldrich (Milwaukee, WI, USA)d|
A sttt

SCME ol AEE HS

HBEQ) JE| =S HEEETT 10% (wh) H=S 272

ME 50% (wiv)S X3 HF-8- 50 mLol| Zo]al 1 N
HCl €802 pHE 3.002 2434t Yulzo= pH 3
9] Wkg- Z70l|A] AlEELE $-g-ollo] ALSEX|TE FHZ Q]
)= 10% & AAE vf§- 2 28-S 3=
HE 2 95808 AR = itk 7]d el 1%
(w/v) ® dithiothreitol 0.5% (w/v)E 713 & HF-g-HS
pH 3.00.% thA] 23} 40°ColA 6417 Bk <12t
7|2 wRksPEA] 9ESAIZITH

D229l HElO|=2| S2IME olAEE HS =4

A7} A TLC¥ (Silica gel 60 Fass, Merck, Berlin,
Germany)®] 27 A123ol Al8E = vlola28E Fs}
3 AZFAIZ] & A8 E n-butanol : acetic acid : water
(12 : 3 :5)5 AR&3te] DH&7]olA] ZMAIZ & A
Ao AZAIZY AZE TLCHl| ofA| =0 &3¢
ninhydrin €% 0.25% (w/v)E 253} 110Cel|A] 5&
b 7rEs & ANE 23S FESAT e 52
L2598 AXAZ F KBr 283 £33t} AR 4
3}al FT-IR (FT/IR-3000, Bio-Rad, Cambridge, UK)<
o]-g3sted Aol ~HERS FEsI] 1R
FE Rl

HEOIE oA HSE2|

Ik

2EY

W35 Jlefo|=o] 245 gRlIsH ] St dAla=
ntEEf e} HY)RF o] 23} ARFEA7] (LC-ESI-MS)
(LCMS-2010, Shimidzu, Japan)S AF&-3}Th A4 2=
vt o) 2o C18 7Y (Alltima'™ HP C18,
150 x 2.1 mm, Alltech, USA)S A83}3L, A|EE acetic
acid (1%, wiv)oll =<1 3 5 L FY3}ar o)A &d9&
acetic acid (0.1%, w/v)9} acetonitrileS 490] &7] 3
0.2 mL/min®] f&o2 E5H 47 &5
AW X 40CE FA|sth. At 7= ol
ol A 50014 2000 m/z7}HA] 2=70ske] Ak~
Atk JEfo|=9] o] EAtE E A2 o]
AXFAEZE 4] 0] (peptide mass calculator V3.2)E A8

o ALttt [12].
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s 10 1 ot
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AE SgAE gl =5 Fatr] flste] ofiHA
23291 CM-Sepharose CL-6B 100 (Sigma, USA)
o1 2kekE= 8- (KH,PO, 10 mM, pH 7)olA F3A)71
21358 Z4 (polypropylene, 20 x 150 mm)°l 40 mL
A8t FL3 F-8AS FUst BIYEHE s
ok 7ol pH 72 ZHE A5E 29| ] Tt
2HEA g % 200 mLo] I4HHEEAE Y3t
HFHA 5 mLA A 8E FHslal o]F 8&8 (KH.PO,
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200 mM, pH 9)y& FHskaL ZHolN e Sds 29

3ol s5sigint.
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El

2291 HElO|=2] S2|ME olAE S HZ

vyl o g FirReE yH 29 Felo|=E F) 7t
7} 50, 60, 70, 80 H 90%<] =YAE &do HFET=
10% (w/v)°] HEZ Ho]1 WkSA17] & TLCE o]&-3}o]
=YAE d2H 18 BUE St 2gAlEe] A7t
HA] g2 tIRAIRAA FEHA] ge M2 23 (Re =
0.54)0] Se|AIZe] E3He Wk Aol BT B3]
om, 23] A7|E FEMNEY Tt T8I E HElA|
2oth. 7Rl DEER1] i EAFS 400 DaZ®
78IRS ™ 50%2} 90%2] SRMES ERIZ oF 22.44)
9} 39ufel] =] o] ke STAE ol2H e X
A s AR FHT. 1ev A= TLC &=
gko] Z7oll= & WPy} gle whd vk H=g St
AZIER, o]F Ao FTAEL] FES 50%E 1173
sle o] 2~Ej3} Wke-S FYstith

o| 2~Elg} k-5 Fate =AY el =7} AlZ=EH S
T4 gR15P7] $l8le] LC-ESI-MSE AME-3le] whe- A Foj
AEE #A3FAHE CI8 reverse phase 28 A3t
WS- B3 AR A5 FRrETIHS A on, HElo]
= Eg=0] 479 fietol=9] Az et EelEe
212 25 7 UTE WEbA acetonitrile®] 43S WS}
NFA EFFEo] REH ] g 2H0A dojzl Zzte] A8
o] & F=39] GHoA 2AE] AFF ~HEHS 74
SHAh (Fig. 1). FREQ] JEglo|=9] A ~2HEH =
g H 2o WIMstA Edsh= tjele]= (dipeptide)
¢l AG, VG ¥ YGY] [M+H] 9l si3d3= =7} 147.10,
175.12 2 239.12 m/zolA] #2EH R oW HEZElo]=
(tetrapeptide)?] AGAG, AGYG, AGVG % AGSGS} SA}
FHElo| = (hexapeptide)! AGAGAG, AGAGSG, AGAGYG
o} SEpHElO]= (octapeptide)?) AGAGAGSGOl #33
= 2 33se] AN o] A= wuRlo = 7573
H DB =Sl JEefo|=o] o] B opiegto g A
=0} Ath= Jeong 5 [3]9] Halel AA|slch o]eod=
m/z gkl 188.15, 216.15 & 280.20004 & 3]=7} B2
tdl °]5& AG, VG 2 YG [M+H] 9l alE3t= m/z
o237k BT} ZHZ} 41.074, 41.042 2 41.0979H =k Ak
Z7HEo] 419 d|Fsh= 22 HPLC-ESI-MS®I|A] reverse
phase C18 Z=2] &u]Z AFE-H acetonitrile (41.052 Da)
2 AG, VG % YGol| 2@+ HEE o=z Btk
ESI-MSZ | glo]=8 B8 0 acetonitrile2 AHE-31HH
+41 Da®] AHFE7PF Uehve 4971 o] AFtelA
&= Bausa i [13],

HkeS A go] AeEAHER—E m/iz Fho| 221.20, 249.20,
313.22, 349.30%1 M= AF7} F7I= TE= AT (Fig. 1(b)).
o] =L IElo|= AG, VG, YG 2 AGAGY [M+H]"
o F= m/z Zkoll oF 74 Dag] Aol Z71E Ao]
th ZEMEe HFAZL 92,094 Daolil ’C 2 “No
2 749 isotopic mass= 92.047 Daolt}. 7)ol S84}
SISO E 4 299} 2kA 192e] F7F (18.01 Da) S
Ashd SEME o] 238} vkg-ol 2Jsld F71E+= isotopic
A% S7F= 74.037 Daolt) WEbA] RESAIR ] AR
2HEH L FEAIE0] 50% (w/v) EXSH= pH 39 ¥hE-%
7oA 7krRslE vB 29 Helo|=r} gyl o]s}]
=2gAE od=HE IHsIHeS UE Utk vk
A7e] AgHEH|A Aol 74 Da 71 FElo| =]
Aol sfFshs B3E Zof Table 19 F stk ¥
AlFolA PG AxElo| =0t SERElC| =0 Sl
k= m/z #holl +74 Dad] A= o]5dl| sdsh= ks 7171
Yae FE SHES] WMaOgkRE £ o] 23 Lo
s YERAY =R eogth v tllEle| =9} HIE
gHlElo| =] FEAE ol2E el dlFshs [M+H] Y] m/z
#He 7= g3 Ee] F2 I

Table 1. Major peaks in ESI-MS spectrum of papain hydrolysate
of fibroin and their corresponding peptides with mass
shift by glyceryl adduct were compared to the peaks
found in the reaction mixture of glyceryl esterification

) Peaks at the

Corresponding peptide1 mass shift reaction mixture of
Peak by glyceryl glyceryl esterification
(m/z) - adduct ———m

Pepide. et (T4 mz 2
147.10 AG 147.076 221.076 221.20 7410
175.12 VG 175.108 249.108 249.20 74.08
239.12 YG 239.103 313.103 313.22 7410
275.15 AGAG 275.135 349.135 349.30 7415
291.15 AGSG 291.130 365.13 365.40 74.25
303.18 AGVG 303.166 377.166 377.30 7412
367.18 AGYG 367.161 441.161 441.30 7412
403.20 AGAGAG 403.194 477.194 477.25 74.05
419.21 AGAGSG 419.189 493.189 493.50 74.29
431.25 AGAGVG 431.225 505.225 NF2 -
495.24 AGAGYG 495.220 569.220 N.F? -
54729 AGAGAGSG  547.247 621.247 621.85 74.56

' Calculated by Peptide Mass Calculator V3.2.
2 Theoretical mass shift of glyceryl adduct.
% Not found.

HkE- & A5 HEmdERoME 104.15 B 134.15 m/z
FollA A28 337} A=Y, o] e STrlEg 28
2 58 Da®| A% F71H5 LERAH formyl”] B 2-hydroxyethyl
717} X7V N-formylgycine®} N-(2-hydroxyethyl)glycine
of sjFETh Wt B AT A 2RI 7MY =2
Jetol= AG7F EallE o] o]¢h e EHo] AHHAS
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Fig. 1. ESI-MS spectra of papain hydrolysate of fibroin (a) and
of the reaction mixture of glyceryl esterification of the
hydrolysate (b) (*’ denotes peaks corresponding to
glyceryl ester).

S2|ME olAE HElO|IES] =Y EY

WS- 259 A|59] AFAAE A FQ JEto] =0
Pk 9=2] A7)E Hlaste] JElo|=9] 2/de] W}
2L HRg & AAES S BAEHATE HElole= A
EA70A o] 23lEe a&o] M= gt FFHQ Hlart
ot o= S0 ¢3} duZz2Hl )=o) gl s
AFHEA7IE of&ste] AT v B3} Jefo] =9 o] 23}
ago| gEbx FEAQl vlaE st o|2st 580 B3
o] Zastrt [14]. wEbA Jeto]l=9] STAE ol=H
AA] o]23} §50] Gt ZO0E AEERE PAHE9
2/ w3 AR Hlue AHehA] goer g &9 H
Elo]=o] 24 2HAE S N 1359 S-S Hlulste
A Hhg-2o] ZAdEo] WHelE #EsAT

W35 A|5o AR ERAN 7P 277t 2 vae
221.20 m/zZ alanylglycine glycerol ester (AG-OGI)°l|
G v Al geA 277 2 9=2E JEd
o= AGAGSH AGYGS] ZHZ ol2E 9] [M+H]
o NFsl= 349.30 E 441.30 m/zolA9] F=9] IV
FiF o0& A VRERAAL 47 o) o] opr|iAte 2 FAE
FHeto|=o) fjFsle 93 7] JA] AAF o= st
Atk o] A= ZEAIEC] 50% ETE e pHOl HkS-
ZslME FE Q1 JEle| =7} BS 7=l HAAY

SEAHE odl2=El8) Hhgo] SElo|= Zg=Rale} Sl Yo
g UASS gt webA §ES Al5e] FQ SiEfo]
Eo sk F32] 7] @ 9o Holgle mRkS-
Hefol= g FEAE ol JlEfol = 3Fee 39
=7)5 BTt (Fig. 2). ¥R Alge] AgAsey
| A= AG, AGAG, AGAGAG 2 AGAGAGAGY 333
© Y39 A7V HAF o E At v ¥Rl =
AGAGAG 2 AGAGAGAG®] #1338k 939 A7) W
JPRRE FFO 7 AN AGAGe] gk =9
A7l AGS] ARl oJalE FhAste] 2] WPt e-s
Yelgisier Z8AE ol ~F Rk HElo|= AGS}
AGAGelM F=2 2 =]t webA, Fig. 20014 HRkE- 3]
Ejo|=e} oo A-&sh= SRMIE o2 9] F]39] A=E vinl
sk Thajele] o ~H wkg-9] 714 HslE= AG > AGSG
> SG > AGAG A= glgt)

AGAGSG O Glyceryl ester

AGYG m Peptide
AGVG
AGSG
AGAG
YG
VG
sG

A ———————————————

0 0.2 0.4 06 058 1 1.2

Relative abundance

Fig. 2. Relative abundance of major peptides and their
corresponding glyceryl esters determined by the peak
intensities of ESI-MS spectra.

TaR19] 71d50 e JElel= X EAte] 7719 ol
2FZ7) (P1-Ps B Pi-P3) 9] 91X sfdehs 7719 &
(Si-Ss and S;-S3)oll &Jte] ARH} [6]. TRl 723
HEE-2] 71d Folde A9 S0 ke HEtel=9
P, SIXel] Fdold WEE 2717t SRIgE ofrlenkhs S
St} [15]. Mintin 5 [10] NZ@o] B35 olu|i=ilo
EHIZ 50819] SEAES H7Isl 50-70%9] &2 =F
A d2EE Ao B, o]AFAl B ofagEale)
ASoE F80] 10-15%2 AP 1 olfe V1AE
oS AAske Pl opr|=ite] S| AAA s
(steric hindrance)ol] 711gHal Argeiqith £ AolM=
aiR1e] o|2~E] FAJWhgellA] P, $1x]el Ao} Efo]24]
Ho} gefdo] $1x)§ tgEle|= 7|1EE Asslal, HESG
Hefol=o] - Py 2IX|o] dEhdo] lojw 718 3lsk=r}
gijelo]= B} "ojdths AL & 4= U

FEAIEC] FAl 270 o] JlEto]=e] o 2~Efs) ¥k
o] = AEE a4 Ak A HElol= FollA
AG-O-glycerol©] BI=7} 71 0 B2 JElo|= AGZ} 5712
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o 2E3} WHS-H 0,0-Bis(alanylglycyl)glycerol©] A= IS
4 Atk ool SPER= [M+H] 9] o] 22 349.189 Da
o] 279} alanylglycine2] NZTe] olgl 1o 27}
Z71E [M+2HT 9] o248 =k 350.189 Dao|H o] s
Sl= m/z 32 175.0940} 71E29] Aer) &8 g9 2%
Z3F o] 0,0-Bis(alanylglycyl)glycerol2] A4 oJHE 221
g & AtE FHAR QT =2 glyceryl-YGO| -
o etol= AG7F F7HE ol=H 3} REE-S Tkl Ajt
H O-(tyrosyl-glycyl)-O-(alanly-glycyl)glycerol &] [M+H]"
o] o]2A &L 441.257 Daol™ uwlehA] [M+2H]" 9] o]&
AR 442.257 Dao|H o]0l sFsh= m/z 3 221.1302
Z AR 94 g F8 9319 m/z 3 SHE

FeAE SEe|= 2 EAke) A vkewe] EA A
= 2 & 5 AT

HS=2| S2UME HEOI=2] 2|

kS & Alg9] A ~HEHL FEAE JElo]=9}) A
1S SElo| =7} 4o 98-S HolFar Qi) wbA FEA
g Felo]=r} c2ddl] STYAHE AAHE dAste] FA4]
pHOlA FH3E 7R E EAS E83l], Yol2ndA]
28 ARgste] PHkS-E SlEfol=9) SME HER| =5
25190 (Fig. 3). AlRE FUS 3 T4 s-goo
2200 mLE Z8FH 5 mL 992 BES A1 o)F
20914 70 mL7FAe] B84 214 nmolA] H& B4e
& 7= 937t BEEJSE o]F pH 99 §E8dHo =
w3kl 2200014 250 mL AlelollA] A B=E g 4
AARTE AWA H3= vRkE JElo|mg FEH S
A R 022 FolA SR o viE 8§59
Ao g FaEt FHA gae SPAE JEol=g 4
Hn F3eg 343 FYAL o|2H3) vhse] 8
17.8%% YEPSTE 2°5%9] pH 991 Sliks-gdoz &
29 o] ZTAE FElo]=1%] RIS S5l Ax
AlZl F A EE FT-IRS AME-31] 4938190t} (Fig. 4). T=
291 Helo|= A|89] FT-IT ~HEHA amide 13} 1=
1643 2 1522 cm’ oA T YT FHEA7]1E= 1390 cm’!
7b @A AR 1200 em’ olslell A F3=r} S}
oA BT WA 3|5 AlFolME 1390 em™’ 9] M=
itk FHElol At € = 0 AF9) 21 AT-S Ve
= amide I F9<] F32L 1720-1600 cm™'¢] FFo)A] B2
F31 CN A3t 2530 2 CN-H 23] ¥y 15
ERE amide 1T 392 1600-1480 cm™ ] AH|A] g]
o Fglo]=9] caete] COO™ 2] 252 1430-1360 cm’
o] JHoA P, SYAEL] C-0 AFe] A5 W5
1300-900 cm™ oA F& PAEE= Aog dA T} [16].
Wy fEgd o ALSH Qakdo] IRY YoM T4 =
T 3390] I A3 Ccoo Aol sfdshe FHE =0
== HS I a3 59 AEE SAHE JEe]
=g golg 4= YAk
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Fig. 3. Fractionation of the reaction mixture of glyceryl esterification
of fibroin hydrolysate using ion-exchange chromatography.
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Fig. 4. FT-IR spectra of fibroin peptide and the fraction of
glyceryl peptide from ion-exchange chromatography.
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£ Apoxe BRlez JlislE sHER] SElo|=
o SEAMES FUeka TYe T2 1S o83}
=AY o2E A%S F9AT1E RES-S FsIsit) JH
22 FER|= 10%9} STHE 50% E3hE HH3-891S pH 3,
40°C2] W3- 2700 ZeA|E oll2~El7} AAHS BST A
S Bte] RIS ol W AlR59] JElol=
o] 243 439 SeAE Jlele]= olaB o] 2o w R
AL 2 SePlElo| =] BlE-S 7HAE e tgElo] =9}
HERElo|=0] SEAE AIZE} 918 ANES T2 74
Fo] 9lom 53] AG-0GI2] 40| 7151925 BR1s3
ot 2YAE Jee|eE doleudrA] Z2lS A8t
njuke-= JHEelo]=o} Balsle] 17.8%9] 82 5319,
o] A|&F FT-IRE 438t Jeto]|=9f CEHES] COO
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