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Abstract: More than 2000000 tons of antibiotics

fermentation residues (AFRs) were produced in Amino acids in the solution L

China every year, which were hazardous solid

. X Dissolution
waste, and how to safely dispose of them is
attracting attention. AFRs are rich in organic Cultre Amino acids in the solution
substances, such as protein and carbohydrates, :
Enzymatic
which accounts for about 50% of dry penicillin hydrolysis

AFRs. So it is significant to develop new methods

Amino acids in the solution

for recycling and utilization of mycelium protein in i
AFRs. In this work, penicillin mycelium was

dissolved by alkali-thermal method, and penicillin mycelium protein solution was prepared, and then enzymatic
hydrolysis performance of penicillin mycelium protein was explored in this solution using enzyme as catalyst, such as
alcalase (A), bromelain (B), neutrase (C), and acid protease (D). The effects of types of enzymes, pH of the solution,
the ratio of enzyme to protein, reaction temperature and time on protein hydrolysis process were systematically studied,
and an optimization scheme was proposed. In a single enzyme-catalyzed hydrolysis process, alcalase showed the
optimal performance, the hydrolysis degree of protein reached 31.43% at following conditions, the mass ratio of
alcalase to protein as 6%, pH=11, the reaction time of 3 h and temperature of 50 C. In the complex enzyme-catalyzed
hydrolysis process, the mixture of alcalase and bromelain as catalysts was demonstrated got the best efficiency. The
optimum parameters were as follows: the mass ratio of complex enzyme to protein was 9% (A:B=2:1), pH=10, the
reaction time of 3 h and temperature of 50 ‘C. Under these optimal conditions, the protein hydrolysis degree reached
42.73%, which was 11.30 percentage points higher than the best single-enzyme method. The high performance liquid
chromatography (HPLC) analysis found the enzymatic hydrolysate contained 16 amino acids, such as glutamic acid,
aspartic acid, glycine, leucine and alanine, the ratio was 15.47wt%, 11.94wt%, 9.41wt%, 9.23wt%, 9.22wt%,
respectively. This work provides a high efficient enzyme-catalyzed hydrolysis method of penicillin mycelium protein
for preparing amino acids, and to carry out utilization of penicillin mycelium protein in AFRs.
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2.1 KIS

T8 7 MBI A R A R AR, k& Al
(T, ME BERAEMRHARAR), FHEAl
RS ARG(TL S, T REEEERH AR
")), WAE AT, MIKREEYHRERAR),
SRR MR IR E S, R, GRERAT . BRIRER
IEC BT al, b T ), ZIE (g4, 22 [H Thermo
Fisher Scientific A#]), ZZJ&(GrHrdl, RETEERE
4k THEFLI), i E IR AR ((igal, LI Aladdin 2
A]), R G-520 AR ILiE A A A (T4, Sigma
AT, REEAR. BER. 22R. HEAR. HEIR.
FER. HER. NEAR. WER. BER. 92R.
AR, FraaiR. el RNAR. MER(GE
4, Sigma AF]).
2.2 SHTLER

UH5300 % 4h—0] WA ts it (H A HILA R 2
F]), HI221 & pH f& R (= KF HANNA A F]), KDT-
08A & BN (iR B AR AR A A, Agilent 1100
AR RS (HPLC, S 2348 A ).
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T 57 2 b LV R % 8% 4wt% NaOH ¥ 5 T
P23z Etl 7:1 T 70 °C T 30 min, K455 PA
4000 r/min &0» 10 min, 5 FEER, WEERRFE 2
VSR

AR P B 2B AR B OK R IUE B R W LR
W, F 1 mol/LNaOH B¢ HC1 VW pH, f%— & Ll
IO, T 20~60 C T M 1~5 h, 5 V.45 35 LA 4000
r/min &0 10 min, 53] FEER, # EEIEBRAE 100°C
FAF N K 15 min, SRH =& ORISR (1
IKARE DH(%)12%,

L Bkl

DH x100% (1)

ml _mz
KA, my, my Foms 53 N RN AT R B A S &
(mg)~ AL B FT IR PN 10wt% = 3 SRR AL
HAR M L EER B A S E(mg, 4000 t/min .0 10
min). NG5S IR RN 10wt% — 5 LR AL
HAR R L EER S A& E(mg, 4000 r/min B0 10

min), &R YLRE FZIENE .
2.4 ®WMFE

W2V P B RN E . LA R G-250
TS A 135 8 A P RR v I ZR(595 nm)Il & Vi A
HHRME &,

DI G-250 WECE : H 50 mL 95vol% 4
EE7E A 100 mg % S ¥l G-250, I 1L &=+,
RGN 100 mL 85wt%e R i, FRMZATRKERR 1
L. KB 2B RN SR G250 Wi, RE
BI5) 05, W& 595 nm AR B ARR E 7 ff R B T
W

K FH PITC A3 HU AT A VA U Vs v () 2 L R 121
DU S ) 46 70 TR LV ARVIE 120 °C L 6 mol/L 3R %
PETERAR 24 h22, R E T B 2 46 P 3+ it
B2, A 0.02 mol/L HIERERVA AN 1 mol/L = Z &M &

IR, IR . SRR AR ERE A BT R
FE 16 PR BBRIB &AW, IIANIECHE. 1mol/L =2,
& 1) G 0.1 mol/L B SR KR 1) MG TR, TR
A ¥55) . F HPLC A AE it p 1 S R IR BRI 5 &, C18
B8 (250 mmx4.6 mm, 5 um), FEIE 40°C, KK
N 254nm, FiEIAH A: 0.1 mol/L Bt BRENZE I/ 2.1 (1
FALL 93:7), VizhAH B: LIE//K(EFALL 80:20), #REESE
Fii(0~14 min, 100%—85% A; 14~29 min, 85%—66% A;
29~30 min, 66%—0 A; 30~37 min, 0 A; 37~37.1 min,
0—100% A; 37.1~45min, 100% A), ¥ii# 1 mL/min, 3
FERE 10 L.
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Fig.1 Effect of reaction time on degree of hydrolysis of
penicillin mycelium protein
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Fig.2 Effect of reaction temperature on degree of hydrolysis of
penicillin mycelium protein
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Fig.3 Effect of the mass ratio of enzyme to protein on degree of
hydrolysis of penicillin mycelium protein
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M5 EAFURE VBN, fEmisE, AFRTEAR
RAIKIRE, EAFUKBERR: U5 EARTEL
RE|—E RN, B TR AR CABE R I 3K
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3.1.4 pH K540
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FI . BRI S SRR 50°C, Bt 28 (g kR
A S E AR EL 6%, BREEARNR. HEEARS
EABREL 7%, BRiEE AR 4 h, PrEEAR.
P PR 2R AR 2 B B OB 3 h SRR R, B8RV R
T pH {EX B P B 24 B ARG, W 4 WG
i, BEEME pH ETE R, EATUKIRE KT
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PRI B B Ak T 22 B A UK R pH=11 N H . iR
T pH EL I RE S MR B ) A e MR IR TS P, IR RERCIA B
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IR R B R R P B T AR Ak pHL (B 233
N1, 8,7, 6

35 - —e— Alcalase (A)

| —w— Bromelain (B)

| —®— Neutrase (C)

25 L —#&— Acid protease (D)

Degree of hydrolysis/%
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(=]
T
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Fig.4 Effect of pH on degree of hydrolysis of penicillin
mycelium protein
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2

3.2.1 EAHGHEC LG 520
DABRE S B AN % 2 SR IR R A, RATS
F|AB RN 10%. EHR pH=11. KMHEE 50°C

50

45|
sl
35 L]
”f ///
%TE//J

20 +

Degree of hydrolysis/%

L Alcalase (A)+Bromelain (B)
15 -

107 T B SO U R U B
1:4 1:3 1:2 1:1 2:1 3:1 4:1

Ratio of alcalase (A) to bromelain (B)

K5 GBI LX) 7 %5 2 1 42 5] 11 TR AR L PR S
Fig.5 Effect of ratio of alcalase to bromelain on degree of
hydrolysis of penicillin mycelium protein
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B LUAE 1:4~4:1 IOYE I, BB S R L2
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HEAM S E AR R 2:1,
3.2.2 JINFIA] 520
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N TR 3 ho
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45 -

40 |- n————*®
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Degree of hydrolysis/%
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15 [ u Alcalase (A) : Bromelain (B) = 2:1

10 L | . | . | . | . |
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Reaction time/h
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Fig.6 Effect of reaction time on degree of hydrolysis of
penicillin mycelium protein
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DLBR 1 25 Tl AN g B AR i B A
(AB=2:1) AT, SEBSEATTELR 10%, &
fif pH=11, ]I 3 h BT, HERPRENE S
BEEK AR 2 BE A2 . NI 7 TR, B R
BT &, WA E A KA 2% BT E T
P MM 50 CHY, B FKMRE 39.53%. RV
WL 50 °C ORI A B ol RS, TR S A
RO RVE RN, BRI /K AR Ik B K E s R sk
NEE, R R AR E A RERE, &%
SUEGAR R, AN 2 T KA P PR . TR I 02 o A
FER SR EE R 50°C .

50
45
40 + »

3 r///\\\
0 /

pLye .

20 L ///////

15k
10k

Degree of hydrolysis/%

Alcalase (A) : Bromelain (B) =2:1

ol | . | . | . | . |
20 30 40 50 60

Temperature/ C

Bl 7 B T8 3K A 22 B 1 KA B T S )
Fig.7 Effect of temperature on degree of hydrolysis of penicillin
mycelium protein

3.2.4 SEMS E AR R

DAo M S B R 2 R A A R B A B
(A:B=2:1) AT, B pH=11. MNIEE 50 °C.
SRS TE] 3 h BSR4, BERE G O iU L
B 2208 UK IRSCR s . K 8 W&, BEE &
HEAFRAEIL T, EAFKEE 2% B EETF
faras. UEEMSEAELN 9%, HER
IKARFEIR 39.70%: k&R KE G SEATELE
10%, 25 AKX 40.20%, & A FRKEENGE S T
0.50 NME A A B, NS AR, REEE
B 5 8 A T LGN 9% 4835 o

50

45
40 e
35 - ///
30 - i//

251

20 -

HH

Degree of hydrolysis/%
n

Alcalase (A) : Bromelain (B) = 2:1

157 L 1 L 1 L 1 L 1 L 1 L
4 6 8 0 12 14 16

Ratio of complex enzyme to protein/%

B8 Mg H 5T OO 75 %5 31 T 42 B UK AR 2 R 5 )
Fig.8 Effect of mass ratio of enzyme to substrate protein on
degree of hydrolysis of penicillin mycelium protein

3.2.5 pH FI5200
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SR FE 50°C L M IE] 3 h (25 HE R, B EIERTR pH
X 526 B K RV R P 22 B AR . g5 Rl 9 Bir



B 4 1]

KRG : BHRERELPERARMIKBRITZ 477

N, AR pH E BT, B AR R KR
N MR pH=10 I, & A KRR K
18 42.73%; G2 A AR pH AE, & H BUKIREEFRK.
ES AR 2 EAFUERES, —TE®R pH
B 2> 52 ma B 2 B AN O 5 B A AR E M S — 7T
VR pH B 22 SR B E RN 9 B B R T (AL
Y. BV pH (BT, 1A% % R ORFRE pH 1,
EAFUKABER IS, ST SIEE pH E, BiRE
TS E ARG pH A, (FE T R A I
& pH {H, B AFUKARET 235K IE R pH (A
IR AR A E AN RIEE, 258U
AEVESRNE, B BUK MR AR N, ik e VR
pH=10.

50
- I n
S 4op i//”\\k\\
£ [ / L}
° u
g 30 /
>
=
< L]
g 20
)
Q
]
10 - Alcalase (A) : Bromelain (B) = 2:1
0 T S Y RN B
7 8 9 10 11 12

pH

K19 pH X5 85 2 T 22 5 1 UK AR RE R 52
Fig.9 Effect of pH on degree of hydrolysis of penicillin
mycelium protein

3.2.6 BEMMHEKMBRELEARETLE

DABR P & WA R AR R B A
(AB=2:1) M), EAERSEATMEELN 9%,
R pH=10 RPEEHR 50°C. JRMNEFE] 3h, %
FW 2 E A TUKME LR 42.73%, HCREER S
11.30 AN FE 43 A
3.3 EfRiRP R EBARMNEE

TET B2 W L, N 10% =S CRREH,
VORISR T 2285 A B, SRA PITC FERTATA AN E
EERPEERA NS 8, WA HEER. KH
AR A T 2K RIS 2 B A0, fF RN
S, IO 10wt% =S SRR, DU BRI R4k
fRIME 2B A, e L EERhEERARS & &,
W 1. LU BB A 16 MEER, HFEEWRS N
BEM(GLU). KEZIRASP). HER(GLY). ZEAR
(LEU)MITN 2 BR (ALA), 43 5l 25 o5 R H BT A 2 L TR e

B 1 1547wt%, 11.94wt%, 9.41wt%, 9.23wt% Fll
9.22wt%. FHILHE, ERMERHEEEAREAEAT,
B PE B R WL E AR EERKIENRER . K%
2. HERSS 7.

*1 ERMEBRATRERERSSE

Table 1 Amino acid composition and content in complex
hydrolysis solution

No. Amino acid Content/wt%
1 Aspartic acid (ASP) 11.94
2 Glutamic acid (GLU) 15.47
3 Serine (SER) 5.27

4 Glycine (GLY) 9.41
5 Histidine (HIS) 3.95
6 Arginine (ARG) 1.92
7 Threonine (THR) 3.25
8 Alanine (ALA) 9.22
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10 Tyrosine (TYR) 5.45

11 Valine (VAL) 4.86

12 Methionine (MET) 2.84

13 Isoleucine (ILE) 2.75

14 Leucine (LEU) 9.23

15 Phenylalanine (PHE) 491

16 Lysine (LYS) 4.76
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