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Iron porphyrin metal-organic framework material for efficient
enrichment of earthworm polypeptides
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Abstract: Earthworms are a commonly used animal-derived traditional Chinese medicine in China,
with proteins and polypeptides as their main active ingredients. However, the existing methods for
separating and detecting earthworm polypeptides have problems such as insufficient preparation
capacity and poor separation reproducibility. To address these challenges, this study used the iron
porphyrin metal-organic framework material PCN-222(Fe) to specifically adsorb the earthworm
polypeptide component L-Peak Il , with an adsorption capacity of 139 mg/g. First of all, PCN-222
(Fe) material was successfully prepared via the one-pot method. The earthworm protease hydrolysate
was obtained through alkali extraction and acid precipitation, and trypsin enzymatic hydrolysis.
Then, PCN-222 (Fe) was further used as a solid-phase adsorbent and combined with liquid chro-
matography to rapidly separate and prepare the polypeptide component L-Peak [I from complex
earthworm enzymatic hydrolysate of the Chinese medicine. Qualitative analysis was performed by
HPLC, and quantitative analysis was conducted with a BCA assay kit. HPLC analysis of the
earthworm protease hydrolysate revealed multiple chromatographic peaks. After enrichment with

PCN-222(Fe) and subsequent elution, the eluted sample exhibited fewer peaks, with a well-defined
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peak appearing at a retention time of approximately 15 min. In order to obtain the optimal ex-
perimental conditions for the enrichment of earthworm polypeptides, influencing factors including
enzyme hydrolysate mass concentration, pH value, elution solvent type, and elution time were
investigated and optimized. The results showed that optimal enrichment was achieved by incubating
at an enzymatic hydrolysate mass concentration of 3.0 mg/mL and pH of 9, followed by elution with
50% acetonitrile containing 0.2% trifluoroacetic acid for 2 h. Finally, the earthworm-derived poly-
peptide component was obtained using a high-pressure preparative chromatographic system,
achieving a purity exceeding 95%. The integrated approach employed in this study, which combines
PCN-222(Fe) material with preparative chromatography, enables the efficient preparation of the
target polypeptide L-Peak I from medicinal earthworm samples. This strategy provides a valuable
reference for the separation and purification of polypeptide components from complex animal-derived
traditional Chinese medicines. Moreover, it offers a more robust, scalable, and reproducible pathway
for harnessing the therapeutic potential of natural product peptides, thereby bridging the gap be-
tween traditional medicine and modern pharmaceutical analysis.

Keywords: earthworm; polypeptides; separation and purification; metal-organic frameworks

(MOFs) ; high performance liquid chromatography (HPLC)
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Z KA (fr 440 L-Peak 1 ), 3+ RS0 AL T B i
JoTH e B pH A L R RV R 28 TR R e o e [ A O
Z 8, # 1 T — Fh 3 F PCN-222 (Fe) 45 & RP-
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1.1 BE5KF

EazySep®-3030 & 20 AH €0 335 4% (- ¥ 38 1 53
M RA AR ) ; AUWI20D A 7 R (H AR
HAH ) s DZF-6050 B 45 195 56 (1 RS 7% 52 56 1%
A BRA A XH-C g iR & 2% (&35 {58 %
AR ) 5 CV600 ¥ 5 2 0 Mk 4 A (b 5t 3 SR
HBRAF] ) ; TGL-16G 1 50 AL (i 28 2R} 2448
] ) s LC-8A il &5 (A AL (H AR HEA W) 3 76
WARRXZHAEZSERMKWE TR7ARNFA ) ;
KQ-500DE 45 8 75 il 1 Ut d (B 1L il A5 (A8 A
B2 A ) 5 SU-20 UV-5E 56 % 4l K 5 48 (1 ifg 5% Y
PSR A BR S 7)) s HSC-12B A WA (R e 48 B R
AR w]) s PHS-3C pH 3 (i A H BL 22 {0 B 0y
AR ) ;SU-8010 494 H ¥ il i (SEM, H A #f
k24t s Minifelx X-8 & A7 L (XRD, H A< B
2Rk 2 4h) s Nicolet iS20 {8 HLiH 21 4% % AX (FT-
IR, £ EFEM CH/RBHE AR o

LSS (ZrCL) W T 1122 vi MR AR AL RHEE 1 A
RN A AR AL B (NaOHD) | ik iR & &% (NH,HCO,) |
N,N-—H 3 H Bt (DMF) i N R G K 2 By
SR oA 4l e 1 2500 AT BR A R 5 gk CTIL) - P (4-3%
R I ) AL Rk (TCPP-Fe (1l )) \N,N- " Z 3£
Mt (DEF) W T 1 ifg Z8 IR H B0 A BRS 7 5 20
(ACN) . =3 LR (TFA) A 3% 4, Wy T K HE T e Ak
R A R A s BCA M & il & bt >
A E R AR A A &R (AcOH) | 2
(HCOOH) Ky 43 #7 4l , W T 74 Bl B} 2 e 4oy A7 BR 23 ]
B 25 Bl W T b 2 S AR AR AR BB R A AR A
(kA 4= JBE I, 22 7712 500 units/mg) ; 525 JH 7K Jy 48
afi K e v 250K R T N T R A 2 K
ARAF

1.2 PCN-222(Fe)#Rl& MK

0T A L PCN-222(Fe) ™, BAR#RE DN
T ERFRE 300 mg ZrCl, Al 200 mg TCPP-Fe( 1)
FBakR b IR A 32 mL DEF, 8 /& 5 f# 5 min, il
A 10.8 g A HR, M %% 10 min, 5% £ 100 mL
RN HEH 120 TR 48 he EIRABHG ¥ #
2 B0, UL 8 000 r/min 7B 0 10 min, 75
R TTE .

TUVE 8 43 UE AT Uk 4 R0 T Ak Ak B HL R 1R
T K UTVE R Z M, A 10 mL DMF, 1R %],
HEAH 100 CR A 2 h, &= &% 41, 8 000 r/min & .0
10 min, 77 B UL3E . FIA 10 mL DMF, i JiE 43 55,
BOFREN, EEEEE 2 K. FIETURENA 2
mL N, 40 CHEFE AL E 2 h, 5% B 2B 04,8 000
r/min &.0 10 min, 53 B UTIE . A 2 mL HEE, IR
JE 43 HE, B0 F NI A BRAE 2 . R DLTE
O T BRI AT I 568 R AR Y PCN-222(Fe) #4
B E A AT RAE G 2 E F£ LK.
1.3 i ERBHEESE

T J H R 24 bF 28 Ry B AL RS B, BRI M R R
10 g, fin A 100 mL 2K, i+ 2], 1 1 mol/L &
SR ARV TR T R A O pH E R 10, 88 75 (250
W) 1 he M2 At sk, Wk, 1 1
moV/L #h ARV WY pHAE N 4, % B & 4 TR+
e 2h i EEATE. BHEEEELE U
4 000 r/min %% 3 550 10 min, W T TE |, F#E 4lik
VR PIIR o 40 CT 8 4 W& T 48 10 h, 15 b e A
EE

KGR B ML A 50 mg, A 10 mL BR B2
B R (25 mmol/L) , 8 7 10 min {# & H 43 # .
SRIGINA 25 mg JHREE H B #2507 37 CHEE KR
Ty W % 20 ho FF B AR 45 K5, 90 TR AL BE 10
min, fif i & (5 K36 . ¥ S 3 000 r/min 850 5
min, 4 BB, R ER HE OGP A ET
i 24 h, RIS M e 28 1 R TR R . A T
M2l A E AR TR WO T pH, AT A B BT
e 0 R L pHL (B Y b R B A % R (enzymatic
hydrolysate) .
1.4 PCN-222(Fe) MBI E&K it &Rk

K % FREU PCN-222(Fe) ¥ kL 3 mg, Il A & 11 il
% 3 mL (i = W R 3.0 mg/mL, pH=9) , IR iE R
A, THER AR 10 min #4784 . K5 10 000
r/min Z.0 10 min, 50 & _F3E B E 4 LR, U
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FER A 1 mL & 0.2% TFA i 50% 25 KB ,
WHEIRA), TR LIRFE 2 h dEFT B0, Ve 25 H )5
10 000 r/min &.0> 10 min, 50 B L7, Bk & 42 DE
% (eluent) .
1.5 WHEFEHNE

T BCA R 1 i 00 4 I A b b i IR 5
i, I 115 PCN-222(Fe) B4 81X F Hb e 2 K 1 % B
i, BAREAER 5o AR N & vl S
KA A 5IKH B #2500 1 RBLIR A IR EIR A Bid
il A5 2] K TAEW . fi ] PBS % R B BSA & H
s 1 T VS TR, A5 B AS [ Tk R 1 B 9 L R (O
25.125.250.500.750.1 0001 500.2 000 pg/mL) .
SR 5 25 o DUARE St A o 5 V5 V45 B 20 pL & 96 AL
B H, FEIA 200 pL/AL B TAEW 1 5),37 TR
N 30 min. ARG 2 562 nm &b 14 1 ' B (B
(Y), LAWY BEAE SR 9N A B, A o i 5T o vk B2 (X)) Oy
WAL AR, LG 15 P O B R DU AR R O B (AR
AT BRI RATRE S Z I W . iR A (D)3t
SELREREXT T M e 2R 2 R 28 W 0T 0 B A Q.
mg/g)

Q.= (1)

2 C, hy il i VR A K B v B (mg/mL) 5 C, R &
£ LB WOE R B E (mg/mL) s V o T & £
fiff % W VR B (mL) ;m A PCN-222 (Fe) # ¥} Y it
w(g).

1.6 HPLC & #f

et FH VA €8 33 3 A T A T R R B, TR A
PCN-222(Fe) M BHY & RO, 40 M1 AR IF - 8 43%
¥t & Agilent ZORBAX 300SB-C18 #F (250 mmx4.6
mm,5 pm), F A A N ZNE, WA B 2 0.1%
TFA /KW, A 30 C, K 4 220 nm, iF 4 1
20 pL, ¥ # 1.0 mL/min, B B % B L ¥ 8 0~30
min, 95%B—75%B; 30~32 min, 75%B—95%B; 32~
42 min,95%B.

1.7 Rk SKE&LHESHH &

P R R S VR 4 )5, T LC-8A i JR il & {4
AN b AT 2%, 2 S A R € A SR ik 4L
RD-C18 (250 mmx10.0 mm,5 wm), M A K
W WA Bl 0.1%TFA /K% W, UL 80%B 4514
AR e L VR 3 mL/min, A1 IR 30 T, K K
220 nm, #FFE & 500 wL. il £ 3 2 09 4l b 4l o H
1.6 715 HPLC Z&AF#E 175347 -

2 FHR5WiE

2.1 PCN-222(Fe)# R B R

it FH 41 48 H 7 AR X S R A S L
ZLAMGTE AT 5 b L BEAT RAE (&L 1) . &l 1a
N R R S Wk 2 NTE LN U SNES SIPAY
NI, F1 PCN-222(Fe) i 45 ¥4 25 [a] #f (P6/mmm ) #
Fg2020 bRt XRD B RS (] 1b) 55 H A Sk v 4
(AR B2 FE 20=6.6°.7.1°.8.2°.9.6° ,9.8°4b HL A
FEAEAT 5 0, 55 ST b AR B ol (CCDO) e iy
PCN-222(Fe) (ID:893545) iy [ 3% B ¥ w4 . &
le N E& M B LA ERE R . WE5E I & b L 3
SLAT 5 Ve 5 R A0 4 E B AT L TE 11761 600 cm”!
Qb 1 2 AT 0 8 7R SRy A R IS W TG A4 K B SRR AIE
W, 1654.1 412 em™ b Ry ¥2 B -COO-72 JE 4k 3 1%
719,869 cm™ Ak 7Ry AL FR C-H 8V 1 4145 i ik
Bl 5 5 W, RAL S5 RIE W] PCN-222(Fe) #4 #4
(4 B 1 o
22 MESHMRENRSESE

FE 1T A O B BT M K e R R 0 O s L B
Wt — s 2 B AR R AR T A R N R B
() S HE TR Y 91 % 7 Wk 2 AR R (T A R R L AR
T 50 38 38 B IR 190 U6 2k AR A5 b e B 1, PO A
A BG AT W  LLARAR RK B . & 2 v b R 2R
fife VA1 0 11 A 0 0 1 T % ot TR R T A
Ja AR e 2K B

M T 2% 11 T e P A 8 4 A A 3 4l R Y
[N E I N B K e T o VTR X 1 e M D W & R
GTAEMERL . EgGM s ik B A HRAEE 4
Ay TSR A A ) T B4R B BRI R
N R R 22 (0 6 R B A3 B AR B TR
o AW AT 853 MOF #1#F PCN-222(Fe),
K L T 5 S E AR bR AR . B 2 TR,
R it A €53 P M L, 2253 PCN-222(Fe) & 4 Al
RYo i G S WK O = B N G s T R A
AH b L Ak 3 AT DL S B 2% I A R Sl Ak . PR A
mi FE 15.37 min {3 #& B A F1G i 0Ok B8 1) 1] (15.34
min) — B0 (055 0% U B AR Z B4 LA B AR AR
AT 0 N A 45 R L-Peak I o 38 1 #1425
PR R YR € 33 BT, 3 B R 0 AR b £ % 0 2 O
H PCN-222(Fe)# ¥}, ifi i BCA & (1@ &= A &
X I RV B R AT A o, I A5 Ml R AR ¢ e A
SRR O 1.113 mg/mL, &4 B BCPEK
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1 PCN-222(Fe)#(a)SEME. (b)XRD E % (¢)FT-IR & &

Fig.1 (a) SEM image, (b) XRD patterns and (c) FT-IR spectrum of PCN-222 (Fe)

Fig. 1b: 1. self-synthesized PCN-222(Fe) ; 2. simulation from CCDC data (ID: 893545).

1000 : JT f8 e FE R 0.974 mg/mL, & 4 Pk M s K T
2 Wk 0.583 mg/mL, i kA (1) 315 1% PCN-
507 222(%)%1@12%5@%%%?%% 139 mg/g. BCA
- a4 L Eluen G P B 0 R B T R g R
L 1 ﬁﬁegﬂtﬁké}o 4 H ] PON-222(Fe) fE 52 31
é‘“"" NI 2% B il i B o v B GE o B Z2 IR B AR S TR
B YR
= 23 EESHHRL
g N P i o T A 0 B R B RS
' - " " BT AR T VR B R R pHL Lk IO ) R ok I B
Time / min [6] %} Z ik L-Peak 11 & 524058 00 52 1)
H2 HAEELHESEEESBRENEEE 231 BB E A
Fig.2 Chromatograms of eluent and enzymatic hydroly-

sate

1. L-Peak Il ; 2. adsorbent-derived peak.

SCEy %447 3 mg PCN-222(Fe) %f T 3 mL A~
[] J5T 2 9 B (0.5 ,1.0,2.0.3.0.,4.0 mg/mL) fiff fi# 7 1)
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EAENCE . SR WE 3a i, B B RR K
JE BN, 2 K L-Peak IT (i 06 11 FLZ #7388 K, 24
i IR F) 3.0 mg/mL B, 0 AR E T AT, R
BT L-Peak I1 (9 W fif ik B4R F0 . K255
JE VR 3.0 mg/mL AR Ay d5c i i g BT VR R
232 E5E pHEMRML

pH A 5 Wi 2 K78 1 Wb i e v L OF B & xt
PCN-222 (Fe) ¥4 L (4 fb 4K 45 #4974 52wl , 48 4l
B, 7E pH=6.4 [ M %8 3] PCN-222(Fe) (1) HL fif Ky
0, fEZAE LS pH A T, MR R A A f far o T
Z K5 8 e B AR T B A U 7R R TR
pH FREE T 43 5 LLAS [ 45 08 SAFAE 53Xl H fif A2
fexf Z IR R e PE R T e &0 A 2w . BRI
LR pH EHEEM W E ESCRELENEK ., HH

AR R P ORI pH A (7.8.9.10 11) X & 4 4% 1
sz, WK 3b s, '\ 4k # v pH AR 7~9 B,
Z ik L-Peak Il iy Ug AR BE & pH A (934 K M3 K
M pH KT 9 i (pH 10.11) Z ik L-Peak 11 (1) 5
AR TE 4 T R . 45 SRR pH iy 9 B, PCN-222
(Fe) X+ L-Peak IT 5 73 HL A5 e A4 W BRFA5C2RE , ek 4%
AR AR P IR ROR B pH R 9 VR N B A .
2.3.3 BB A 2 Ak

AR B R b 23 32 B 22 R D ER 0 S T
MW L-Peak 1T (9 7 5 AR K FE B b Mok 7 0k i
Y250 o B S 5 R W, 50% ACN ZK X L-
Peak [T HL A 845 1 PR ACR 2L F b, F R LR T
HCOOH ,AcOH HI TFA iX 3 iR o4 7 Jin 57 X % i
OB B, 45 R 3c B, RN T R B9 VeI

4 b
0.5 mg/mL A pH=7
1000 1000 A
N A 1.0 mg/mL A pH=8
5 =)
= <
E E A
ey 2.0 mg/mL = pH=9
> >
Z 500 —A L Z 500 A
z 5
5 [\ £
3.0 L H=10
mg/m A p
A 4.0 mg/mL A pH=11
0 —A 0
T T x T T T T T T
0 4 8 12 16 20 0 4 8 12 16 20
Time / min Time / min
c d
‘\ 1h
e\
1000 4 [LWithout acid 1000
’\ 2h
e\,
5 =
< f\ 0.2% HCOOH <
E A E
= = ’\ 4h
2500 | Z 500 A
2 5
2 0.2% AcOH 5
= A o ” 10h
A
A 0.2% TFA 16 h
0 A 0 - J \
T T T T T T T T T
0 4 8 12 16 20 0 4 8 12 16 20
Time / min Time / min

B3 AE(a)B@RKERERE. (b)EBERpHE. (c)EMBAFEBUR () EHHEEFTEERER TN EIER

Fig.3 Chromatograms of the eluent under conditions of different (a) enzymatic hydrolysate mass concentration, (b) pH,

(c¢) elution solvent, and (d) elution time

HCOOH: formic acid; AcOH: acetic acid; TFA: trifluoroacetic acid.
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W L-Peak I1 i 73 06 18 AR 55 50% ACN 7K ¥ W T
K, HAEM T 0.2% TFA 19PN H L-Peak II 1
T AR B K, HLUE IR X ik, @ I Uk I %5 %) X L-Peak
11 A5 BAT e AR A VR RO o WO 98 BE 85 1% 0.2%
TFA 1 50% ACN K&, 1 hy w4 B R ) .
2.3.4  JEJBLE 1AL

13 G 7 [ RN R v L A Y U
e, e W B 1 22 AR I o 2R 4k 2 ok IS D) 2 £
HE A RE R — XS 22 R HEAT W B . A S EE TR
[ 3 B Bsf ] (1.2.4 .10 .16 h) I L-Peak I (4 3% I 1%
B SCEGEE AN 3d Frow B A A R E] A B
Z JIK L-Peak I 14 U [f AR 52 56 384 0 Ji5 s 20 19 22 4k 4
P, Z KM R AE 2 hoak B K AE, WS BE S PR
(] £ 38 o, A Rk 55 22 P 0 B A B0 G T 1Y 22 K
S BOTE 2 h B R R AR . IR RE 2 h
VE S 5 A% Pk 8 15F 1)
24 BEEAFEEMHEE

b T % %8 PCN-222(Fe) & % e £ K89 7 ik
0 PEAE S AR R B R R AR R AT HEAT 6
MOBHE B2 S2 5, (1R — 1 B A% W, 28 )5 R HPLC
rHT. Biit iR 6 1 BEL W L-Peak I1 €5 3% U U [
T RSD A 2.85%. % W WF 5% Jr 4 37 ) PCN-222
(Fe) ¥ Bl & 4 i & £ Ik L-Peak Il J7 ¥& B 4 ] &
2Pk
2.5 L-Peakll #l%&

et FH ) 2% TR VRAH €35 4] 25 2 K L-Peak I, Jf:
TE 1.6 15 20 T X il & 4l e EAT RGN . 4 M 25 SR
B4 Ji7R 4 415 1 U (R 7 15 min 247, 5

600
1

500

400
i’ l L L-peak IT
. 300 '
Z
=
L
E 200

100 +

1 Enzymatic hydrolysate
0 M
T T T )

T T
0 4 8 12 16 20 24 28
Time / min

El 4 L-Peak Il % 405> 5E/% R K & HPLC X Lk B
Fig. 4 HPLC comparison charts of L-Peak II preparation

component and enzymatic hydrolysate
1. L-Peak II .

it g W 1 HPLC K3 i B bk £ 335 5 — 300, R W4
()20 57 1 5 L-Peak Il . il %5 J5 1Y L-Peak Il 41 53 #H
A T AP VR0 € IR B Ol A, O PR — g 0 i
JE R F W TE AR A 4 LIk B 95% LA b, 4B R
2 R 38 PCN-222(Fe) bk} & 4 45 & il 45 (0
T AR, AT DL B 4 e 2 IR L-Peak I o #H#Z
TA& 48 22 Ik 43 85 4l Ak J7 %, WF 58 r S ) 7 vk LAY
AT (58 2 A7 ol PR 0 I P8

3 it

AR ] PCN-222(Fe) #1855 FOAH W HH (1%
ToRER A, U1 4 Jm A HLIE 2241 KL PCN-222(Fe) fF
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