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Separation of Highly Purified Antimicrobial Lysozyme Using
Ultrafiltration and Characteristics of Membrane Fouling
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Abstract

The value of lysozyme as a natural food preservative is continuously increased due to its unique antimicrobial
activity. To determine the optimum separation concentration among the various hen egg white protein
(HEWP) concentrations (0.25, 0.5, 1.0, w/v), protein concentrations, lysozyme concentrations, specific
activities (SA), and purification factors of prefiltered solution (PFS) and PM30 permeate solution (PMS) were
compared. The purity of lysozyme separated at each step was analyzed and confirmed by gel permeation
chromatography and electrophoresis. The fouling deposits on membrane were observed by SEM. The non-
enzymatic proteins were removed over 99% by ultrafiltration (UF). The increased feed concentration did not
contribute to the increase of SA. SA of PMS was 18 to 31 times higher than that of PFS. The optimum feed
concentration was decided as 0.25% based on SA and purification factor. The non-enzymatic region of gel
chromatogram was proved to be ovalbumin. The thickness of deposit on the UF membrane was approximately 0.9
pm and removed by cleaning with 0.1 N NaOH. Therefore, UF using PM30 membrane was very effective to
separate the antimicrobial lysozyme from various HEWPs.
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Fig. 1. Schematic flow diagram of the ultrafiltration
system used for separation of lysozyme. Experiment
was performed at 35°C, 30 psi, and 300 rpm.
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% A g 3l Lowry @2 SAsct o
ulz] ¥ TAL protein assay kit (Sigma, USA)E- ©]
23}ed Fapgdch iale] FP X spectrophotometer
301 (Milton Roy Co., USA)E AH8-3}e 750 nmej|A]
2 slgl ot

Lysozyme2| M &3

Micrococcus luteusE 0.1 M potassium phosphate
buffer (pH 7.0))] 3¢ 0.3 mgmL?] FE2 3 F M.
Iuteus A& AT 5.8 mL¥ W1 7 A|8F 0.2
mL# 33}e] 25°C, 450 nmellA FHE 7F4E TF
3ledr}. Lysozyme 1.0 unit2 pH 7.0, 25°CellA] 1%-7k
FHE7} 0.001 ZHaske A2 At

2 1t g3zolE 72w

Sepharose-6B (Pharmacia, Sweden)Z 243 C26/
100 H 2 (gel bed height=90.0 cm)el] 0.25% 1 -
o] 7} ¥ A o9& 20 mL ¥ Fd3e] 280
nmol| 4] single path monitor UV-1(Pharmacia, Sweden)
& AHeol] FUEE 3T AR FUSE
= 1.38 mL/mino]|g] 2w 917t E 1.0 AU &
Zol) © g3= pH 5.8 potassium phosphate bufferg AH4-
st}
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Bollag 5®2] ubHel u}z} LKB Midget electro-
phoresis unit (Pharmacia, USA)& o]-2-3}ed sodium
dodecyl sulfate polyacrylamide gel electrophoresis (SDS-
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PAGE, 5% stacking gel, 15% separating gely3 3}3}<]
t}. Standard2+= SDS molecular weight markers (MW
10,000~70,000, Sigma, USAYE AHg-stgdon 2+ A&
10 pLE polyacrylamide 719 Hamilton syringe 2. 34
g F 50 mAelA A7] 53t 7] dFe] Bt
AL coomassie brilliant blueE gA3lglon &g F
AzA

Scanning Electron Microscope (SEM)

Aol 7 =t Ao} o A3 F AR oy
Aol AA AAE doldr] sl =& 54 A
FA]71 ¥ S-4200 FE-scanning electron microscope
(Hitachi, Japan)& =}¢] ¥ F-2E #aAsiych. PM
30%}, lysozyme #-2]ol AME-3F hejed =) wa) A4
g B HE B AEAsub)l] 2L €
1030 ion sputter (Hitachi, Japan)ell#] =323 3, 20,000,
60,0000 2 FAEC) el A18E = 01
N NaOH -1 2 #)shsich.
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A58 FE7} 0.25%, 0.5, 1.0% (W2 F7Ftel
w2} PFS9| shid s 24, 4.8, 10.8 pg/mLE 1]

A 31E A 23 (1999)

HHoz Fr13td e, dH] 93 dACAM 4 5=
H chd 2482 49.0~55.5%°] ¢ ch(Table 1). §2]
o3} ofefal PMSe} whuid ek 0.038~0.14 pg/
mLE YA ] 99% o|}e] shue] whie] oA
oA AA=A L.

Lysozyme S

Table 1o A|A| =)o) g)%o] PFSS] 7% A8 &
57} 025%9] 2u, 4mlE Zr}ge) wel PFSU
lysozyme F=% 74zt 2.60, 442 F7lsle] ly-
sozyme §&Fo] AR Fo| thAZ u]H sgch. PFS
2] HF lysozyme FEE 7 FEH YA RS 75% o)
Arolelont, wt Feljt PMSY lysozyme FE+= 0.25%
PMSE A|9)3t1E QAR lysozyme F52] 30% =gt
2.2 kA3l cH(Table 1).

ofzielie| u| @M T2} purification factor
Lysozyme®] <X& Jushe  v]RA X (specific
activity)x= PMS (3,071~4,737 units/mg protein)7} 4]
%(91.7 units/mg protein)} PFS (148.7~199.5 units/
mg protein)?] W|FAA =R} w9 Fgle}. w)@A w5}
=& £A4+ 0.25% PMS > 0.50% PMS > 1.0% PMS <
o]tk(Table 1). A& FEE 2a)gt PMS lysozyme?]
purification factors= 33.49~51.66.5.%2 PFS2] 1.67~2.189|

Table 1. Purification of lysozyme at various hen egg white protein concentrations

Sample Separation Volume of Protein Lysozyme
concn Step fraction  Concn,  Total amount  Concn. Specific activity Total amount Yield Purification
(wiv) (ML) (mg/mL) (mg) (mg/mL) (Units/mg protein)  (Units) (%) factor (Fold)
Origin 100.0 5278 527.8 484 91.7 48390 100 1.00
(100.0%)" (100.0%)
0.25% PFS? 94.0 2.354 2213 360 152.9 33840 69.9 1.67
: (-55.5%) (-25.6%)
PMS? 88.5 0.038 34 180 4,736.8 15930 32.9 51.66
(-99.3%) (-62.8%)
Origin 100.0 10.556 1,055.6 968 91.7 96,770 100 1.00
(100.0%) (100.0%)
0.50% PFS 88.8 4.762 4229 950 199.5 84,360 87.2 2.18
: (-54.9%) (1.9%)
PMS 82.0 0.072 5.9 260 3,611.1 21,320 22,0 39.38
(-99.3%) (-73.1%)
Origin 100.0 21.110 2,111.0 1936 91.7 193,550 100 1.00
(100.0%) (100.0%)
1.00% PFS 92.5 10.762 995.5 1600 148.7 148,000 76.5 1.62
y (-49.0%) (-17.4%)
PMS 84.0 0.140 11.8 430 3,071.4 36,120 18.7 33.49
(-99.3%) (-78.0%)

() means the % of the protein and the lysozyme which were removed at each separation step.
“PFS means prefiltered solution in pH 4.6 citrate-phosphate buffer.

“PMS means PM30 permeate solution.
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i3] 2 2] SAE AR A oF 20~300 ] 2713l
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ABWAYL fglem), A 71X FES AR F 025%
PMS®] purification factor7} 51.66.°.2 714 E5kc}.
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Purification factor7} 713 #9kW 0.25% (wiv) 3l
Sdg Fe] AR A m2rle g A
Fig. 2¢} Zt}. Potassium phosphate buffer (pH 5.8)e]
391 0.25% A & 1= F WA peak (1-by} B2 4 =
ko]l er} pH 4.69] citrate-phosphate buffersl] =2l
025% A& (2, 3, 4= = s peake] 71-oul7} S
ol F e peakr} FHEHE el 2 Jeldoh(Fig.
2.2-b, 3-b, 4-b). Lysozyme2] &AL 1, 2, 3, 4 Y] A&
2] F WA peakoll At A E o, 2, 3, 49 AH$
£ 5 A peak(d)] F 29 3 HE B9 HE
oA lysozymeo] &Ao] o] A Yepdrl. 28ne
2y ZAs A WA o] vl aAA DA peak(ay} &
9] o3} A AF] AAHYLE & 5 AU}
(Fig. 2.4-b).
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Fig. 2 Gel permeation chromatogram of 0.25% HEWP
solution at each separation step. 1. Origin: 0.25% HEWP
solution pH 5.8 potassium phosphate buffer, 2. Prefiltration
permeate: 0.25% HEWP solution in pH 4.6 citrate-phosphate
buffer, 3. Heating for 2 hr after prefiltration: 0.25% HEWP
solution in pH 4.6 citrate-phosphate buffer, 4. PM30 mem-
brane permeate: 0.25% HEWP solution in pH 4.6 citrate-
phosphate buffer
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Fig. 3. SDS-PAGE of hen egg white lysozyme in each
separation step. Lane 1: Standard proteins, Lane 2: 0.25%
(w/v) hen egg white protein reconstituted with water, Lane 3:
PFS, Lane 4: PMS, Lane 5: Sigma lysozyme, Lane 6:
Chromatography fraction No. 40, Lane 7: Chromatography
fraction No. 50

ovalbumine]¢{thFig. 3, lane 2). 452 ovalbumin
2 PFS gl oA A|A=9o, 8]E Y ovalbumin
o] ¥ Yoz Hel=xt PMSol= HAZI}
F2 lysozymeo] &AWstgict. A m2rlE gy B
¥-& A7) JE% Fig 39 lane 63} 74| Vet A
d Z2vtEas]e] 3R peak (Fig. 2.1-a, Fig. 2.
2-a, Fig. 2.3-a):= B f4 #3ojglon], o|5 i
o] 271995 A7} ovalbumin &2 #v 5] ¢},

SEM

A PM30 =] el Al FEe] FUsiA =3
I gl ovhFig. 4.A-1), 0.25% 1 g-o-g oJx}3
¥helod 3} 2h(Fig. 4.B-1, B-2)oll& ¥]id FA L o
A Zo] 7 #HE P gl Fig. 4A-104 #3d
AFES HAY 5 dich PM30 & Follx] B3
¥ Fig. 4.B-2014 2 Fiell A 3s )y 29] £
£ 9% 09 umgl.en, o]E dlB3e] 0.1 N NaOHE
A F F AA=HAcHFig. 4.C-1, Fig. 4.C-2).

&

o{njelio| ciEl =5

EE PFS Ao oA 32 dAge Hu 4
Tolxdet. ol=idt sl e it e Yy
< AR 815 919 ovalbumin (b whAl 2] 54%, pl=
4.6), ovomucin (1.5%, pl=4.5~5.0), ovomacroglobulin
(0.5%, pl=4.5~4.7) o] cliu]eds} A olla] bl §-of
o] pHE 4602 24171 0|5 WU SE S0
Q] pH 4.69l4] net charge7} Oo] =o] 43| %8 ArA
sheiAl AASQ] AEolk®, A re) FEr} 7}
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Fig. 4. Scanning electron micrographs of fouling deposits
on the PM30 membrane. (A) New membrane (B) Filtered

membrane (C) Cleaned membrane. (1) membrane surface (2)
skin layer

g5E P == DA w)go] ozt FHaslg el
ol2{qt WAL AL fFAel r|Usle Ao
[, AA R A H]L A 5] pHE S
73}, 0.25% PFSE] pH7} 4.6731d) ubsl] F%7) =7}
-2 pHE Z7}5}4 1.0% PFSS] 79+ pH7} 4.81
olglch. vk o2 oAl e A oA HejdfE
BA71A ol 3 F2Ao2 YA A LHEE
717, wjeba, chiAe Fxrl FU1ARE
ovalbumin S| zpe]7} Ax =z il JAd
go] Zradle Zloz FdEd. AR g
99%7} ¥r2led 3} Aol 2] AA == A& (Table 1) g
o3t FA el 3 lysozyme o]} oh¥-i-o] Thujzy
ol AA=A7] dEelct.

Lysozyme ST

Table 1¢]] 2j3}a YAl 5 2] 50% o)Ato] &)
o3 A A AAL Aoz 2] PFSE] lysozyme 5
EE AR 75% o] dolsled, ol e Ak
o & ] Al E(pl=4.6)0l BlE SHAHo] EFL
lysozyme(pl=10.7y2- A 2] ¢t Aujeq =} ghA| ol A

E oo wriigly] o]} PMS lysozyme
o] gheke- YA RY 30% FFolgledl, el T} o
AL AXEA 7 mao] F2AEAAY E G
iAol AbS 2440 <t FA JAHEA 4
Al 71e 2 BedEc),

ofnielie| H|&AE e} purification factor

AR o] chilld] ek 124%019, o]
ovalbumino] 54%% AA|3l= Zlog g2z Q.
PMS lysozyme2] o] WA ®+} PFSEL) Ygolx
E-7-3}5L PMS lysozyme2] H]2A1 £ 7} PFS lysozymeol|
Hl&l 18~31u7}2] F715 AL du|o=te} o R
DA #1AHA PM30 =tel] o8 #x}2F 30,0000]4
2] v EAA Al o] o] e o2 wiar}stR|
F313 lysozymeito] A€ o2 Fef - A5 917) o)
Tolti(Table 1). F3 AR vlE 29 & Al83le] &
23k W lysozymee] B| @A) =2} purification factor
= 77} 28,340 units/mg protein¥} 19.42 LJelt=d]®,
£ AgellA 223t lysozymeo]] v]3led H|BH & F
1 purification factor+= Fg}r}. Moss 508 ofo] & W
3 zm@vte gy, A z2nlE 785, reverse-phase
FPLCS] 37}A) ubH& 944 02 ARl 49 4
3 29| AF 22 02 RE lysozymed E2je =,
3dAl2] A A& AXHA] lysozymeo] purification
factor= 717} 18, 112, 2542 Ab4319] 21}, purification
factor7} 254w 2 Z715 lysozyme2] H]ZA £} 1.419
vhof| 5|2] 92 AL 2 Wol lysozyme o]9]2] o}
Wi Eo] HA Aol Al EAFS & 4 At
Hbel] 2 AFollA] single-step o2 =t R2]3F 0.25%
PMS lysozyme®] B]#A %= 4,736.8 units/mg protein
22w A Jepdon g, whie] FAJo] Moss 5°
o] 33 ARvtE 5] FA o vls) lysozyme ¥
2ol ¥ A&Al F] ubdde] lE=Hr) A 71A]
o2 F59 A8 5 u|BA X9} purification factor7}
7V E& A 8E 025% PMS fajo|gjona B A
Holl AL 29 oz A 2"le] HA A8 F
EE 025%2 Bts it

4 =31 3Zolege)

Lysozyme- 135-2] ' whilal 5 7} Bxjego)
Ztevg mARvigaqve] 7P} AR peakoll A
lysozyme &AJe] ehd 7102 428 4 glglon,
AAZ agvte s HE9 lysozyme A4S A
2 A 1, 2, 3, 4 Y] 7R A8 F WA peak
(Fig. 2b)oll A"t &4 #Ao] A=) Fig. 2014
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A 2, 3, 482 F 5] peak BoFo] A& 13} }&
o] f+= lysozyme3} E-zlefo]| w]sel S-AHHo] 4.6
R4l ghlAo] citrate-phosphate buffersl] o) 2]
DA Ael] AR MA=Y] WEos AlgH).
AR 4ollMe AR 1, 2, 33 2] A HA peak(a)’}
2ot Ao A JehA] Wk o)A
PM30 =tel| o3 mEx}e] v A hulde] 94413) A
A= RS Ynlste] ¥ Aol ARg-E ko] Fe] &
o] A3 =58 o 5 Ut

Mo g

Be) AR 3458 025% W Bad-e A
3 53 A% ovalbuming A|2)¥ o} AL FE
7} wl$- 7] ool G5 band9] 57} 1302 A
3] YeldAlE 94gkon), ovalbumind 3218k 45,000
oA vl F A7 band S 3 4) sl o} (Fig. 3,
lane 2). 71R& FEA7 AZvteTHEE o]4-3}e
A7F] ¥, B, A4 o2 HE lysozymeS £
Weaver 502 A 52| A7} 57} AA| %o gL 3
g vz sjgen, disc A Ar1dE A3 7=
3 za2viE a9 23l e FAGle] =5
3t lysozyme&- #2]3}3{c}. FPLCE £2]§ lysozyme-S
7] 453} silver stain® 2. g Moss )] 2]3}
H, lysozymeo] £} 2] o} Al bandz} o] &8
ow BRI 14,1005 15,000 F-Zol)4] lysozyme band
7} $3A=¢ 08 2 lysozyme?] isoformo] &gk
B usilch olv] e} 2 ¥e] AL AYFE B
AbeF 45,000 H-22] AL tjE Zo)E7 lysozyme
2] band7} F AR & A L2 HolFig. 3, lane 34)
PM30 9}o] lysozyme-S A &4 o g Fajshed vf-$-
Al Fe wHe ez ddElc). PMSUl)
ovalbumin .2 &5 = o} E ohwzlo] UH Za) 3}
e, ol A ExbF 30,0008] =teleka shoizk
= AR 7 #2] dAelA = £215F 30,000 o4
o] dhilAly ¥ EuEle vlwd & AlFe 13A
22 Z3 9)7] wFe)r}. Kim 5092 g2to] A=l
AF 2717 BEAA Age] 27148 o agm
315l m, Cheryan®e A-3-2] £¥7) tlofstr] o &
off &= AT =79t AAAHQ AT =77}
wh= ] d2)8kAe geckn sk, ZEvke 2y
A WA peak F-#(Fig. 2.a)0] W] AN WhfHoleh=
Zle] A7) 4% A Fel=gleon, B4 24 Ax F
WA peakell M wt F @Ao] veltRe] Ay H%
AR A E 3] X ¥ lysozymeo] §hejois} F
Aol Exgth= Z-& o = A cHFig. 3, lane 4).

SEM

dutH o v Rl flux] AslE fdshe 714
FH deleze v g A== Iz E(Fig
4.B-1, B-2)& FS 4 9lt}. Fane £®& fluxe] 74
= A ilde] AMAE] 2t Flel golr] wWl o)
o, J3E Al S o0d) dadsiA AgE AL Al
A Felx fluxg 3| E3h=d TA7F Aok skt
Guell %2 BSA, lysozyme, ovalbumin-g 77} 3]z}
< v 73130 o, polysulfone Trel] X2 HAF
o] 713 A%t xhfAl-L- ovalbumingl A2 W w¥ v}
Slc. webd, o Eael AHE WA 29 27 7
A 42 o] o2& X#| 5= ovalbumino] =,
o] AABo) o ¥4 flux AsHE FUsH 74 T
AJE & 7 U £ AN A4 ooz}
e oAl A3t shig AT b ere da
2| ovalbumino] =} FRiA] =gl o, = Jit
€7°] 0.1 N NaOHZ A Fofl:= AL tii A
Ho B2 PM30 o] lysozyme®] A=d F-2o] &
3k 7o g wtsgich

2 o

3 lysozyme- g0} A EH & Adygoz B
IR AF 1 2 AR A AFEREA A
2] o]-g J}x|7} Er} F%(0.25 0.5, 1.0%, wvys &
& b 84S du|oisle] & o A(PFS)
PFSE 35°Col|A jhejoixtsle] & oJH(PMS)] ot
WA el lysozyme ¥EE A3y v E}
purification factorE AAlsle] HA Hal T & A
stadct. b gof o) 7+ AP lysozyme®] F2f - A
A=E A aueadee) A7]95es sy
Lo, PM30 Thof] oigh el ujale] o e
SEMo g fasigrt. oAu|eizle} jrejeint dAE
AREA lysozyme o]2]] BlALA PHAAL 9%
o]e] AA= Ut B EE 025% PMS>0.50%
PMS > 1.0% PMS <=0]¢l.2.v] PFSe] 1v]&] PMS2] H]
A e 9T HAE AXEA HA 18300014 F
3 37X Erlsigom g, v xe} purification
factor7} 7} & 0.25% W) 498 HA ez A
Hatsict. g 8900.25%, wh)e] AET} ZEntE
e A} v Ea HE2 dHE ovalbumin® 2 w5
o, ArldE A3 PMSHell 24%9] lysozyme
o] EA3)Act. ExpeFo] & whaAEo] 0.9 pme] £
2 B9z 7 3ol Az=glon), SEM 3 2
3} o5 A2 g e] i #E-L 0.1 N NaOHE A3
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