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Chemical Modification of Carboxyl Groups of Lysozyme.
in Non-Aqueous Liquid Ammonia Phase

ReNTSE WANG, TArRAYUKI OzAKI, KaTsuva HAvASHI
and Masaru FuNATSU
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222 B OB, & ICEENERES Lot
7 EOBEE B L OBRERERTAIFRELTEE
Thb. T TIRCOFEILE >OTERDEERDHEHE
PiTsbit, BERLOEBEPHL M CIN TS,

LHE ey BOERBEICH L TZ2NFNEEN
BERIEMEIR IN TV B, b ORI 31{b
ZEHITTNTKERRORG & L THabh, K
BERRFTIIebNIz § DIRIZEAE DD, HDIhi
B Meienhofer & (1971) Tk OT K7 v E=
THIEZET BRTFEBITZ I BDOYRVT 4
Figa (-S-S-) O BLE S-F 3k BBmEIh
TWBIGE Eig. ,

U U255, FEABERORGICET 3880
VOB AN, TN2ISALPDIE TR Y
HOLREEIGAL, [EREMITHYE 2BHEL X
5 EEA, AMFERABELIC.

FEKEEIE & Uik 7 v{kE, k7 =7
BREWDH B, FWRTIEGE, &8s BOBER
HRERERLUTCEET v E=7 (BREERD) »8
O, —HFE U TBELUTIE, BE L OBRMEGHE
BUX LI, UbBREL LI ETHEY
JF—- LB REAIL.

Y JF— AD KBEPIC BT 5 {LEREMITELT
%, PUY N S UERE, Fr U URE, YV URE
De- 7T IE, TAOFUBESIOHINVEF UV

HEDBHVHRE I THS (hE, 1967). 2055
FUY T T VEBRICOWTIE, LB, AN
bovick BHIEE, XKL > TEESEE UTHE
LDFEESRESLTWA T S picahiz (Ha-
vashi er al., 1963, 1964, 1965; Phillips, 1966).
F VA F L FERIT-OWT $ XGEENT (Phillips, 1966)
Ik b 35-Glu & 52-Asp D220 HIVFFIVE
PIEHE & LTRSS LT3 L EBSHEES
., X5IT 52-Asp D HVEFUIVE TONWTIL,
EEM KX ST ESHE THBCEV TR INT
(Parsons &, 1969 ; Parsons and Raftery, 1969).
0oL 3 DI 52-Asp DHNFFNVE BT
FNLAFMELIZE S ) VT — ADEESEEAL
WET B ERHELDIRLISDTH A, ALl
ZFNEREANAEEEIEL LN, BBHEND S
LH5RAZD.

YV F—ADHNEFUNVEOBEICELTIE, &

EB—7 va—n gk 5 =27t (Fraenkel- .

Conrat, 1949) b b, =2FVKIc E2T I VJF
— ADSERITKRIET A EBHEINTVS. 35T
¥t Hoare %X ¢F Koshland (1966, 1967) x4V
B4 T F ERGHRIER BB 2®RE LT
VB, S (1998) B FIRIKBHVKRDA & FILE
Pk A LB OW TR 21720l 5V —
Ko —FK 3 (N-ethyl-5-phenyl-isoxazolium-3-
sulfonate) T X 2 {LEBEH I RALNL TS
(Hains and Zamecnik, 1967).

* 1971-1972 ﬁnﬂﬂk?%?%ﬂ?ﬂﬁﬁ%ﬁwﬁﬁ\ﬂﬂﬁE@ﬁ?ﬁ%ﬁﬁ%ﬁ&E%%.
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BCRRIGORIE L 25, LI 2TEZ U2 EDE
2 AET v CRTTL S I, B & GR
HOWME2RIAT A LBTES.

WIHIRL TS 2 0 BOBMZRIET v =7
RTIR A, R4 vy BoiRE,
WK v E = 7 NS 2 2oy BOYEILEN S 5 O
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Fig. 1. Apparatus employed for the reac-
tion of liquid ammonia with lysozyme.
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7 A AR, MBEBEEDHICT S E=T 2
EF S, BE2 0.2N HRITGARL, BR2EA
F KR UT 3~4 BEBR U OLBEEGERUT
b DREIMEY JF— s LIz, ,
W7 Ve 7B EILREE T ' =7 HORG
2o (—33°C) DI EOBRE T 3 B/EE, Kb
RBEUVTHERBEZHD, 72b K474
ARTBHUNEGET v E2T7IRY VF— 2 2HBRL
120L, BRUTHEORE BN, WEERIGE
BE—H7EFY s FI4T74RABIOTTHALIE
DHEREZBVTT v E=7 2RFES I, LBROBRME
13 FEYERAE OB A AL TH 5.
B. UV F—LiEERIEER
Y a—VEF LR EEEL EEE (Hamaguchi
and Funatsu, 1959 ; Hamaguchi et al., 1960) 3
Lot/ (Imoto and Yagishita, 1971) ik
TY V' F— aEE2HEEL.
C. BHFNARS PABLIVYVF—L - TY
O—LFFUEEEROERNS MRIEER
v ) — URAESLLES 2 A iks 0 GE
(Hayashi et al., 1963) T/ 5 > THIELTZ.
D. FIJMA~S b ILEIREE
HADH IR-X-TA &% fuv Bibn Y §EAIEE TRl
‘el
E. REXSERIER
A& ORD/UV 58IZ AVWHIELTC.
F. 7I/B9HWH
YU F— LHBVIRET =T HREY JF— A
PIRASEERT 6N HERIC h 105°C T 24 B
KB LT-DE, BT 3B KLA 3B &
TX>TE7 2/ BOSH 2ol
FYFPE 7 7 VRDOTIBI p- 732 UXFIV
NPT FeHOBERLIL.

2. WHTvE=TREEHE) S F—2D
EUR#E s L O EBRIFIE:

YV F— L BT VESTICEBR UIZES, #
¥, MRS, W7 e &Y VT —ADRH,
WY & =7 ORI ERILE DMLY V'F—
& QNN X OBRFEE P2 5 HER2 RITTH
Fox N e
(D) REREROBREOZE

100mg DYV F— 2R ET =7 20ml THE
BUIzDb, RisAite —55~—60°C o7 &by
K547 4 2BIKo), oM REE3 TS

Table 1, Effect of mixing on the treatment
of lysozyme in liquid ammonia.

i Time of i
Treatment | treatment | ACHVity | Recovery
(hr) %) (%>
1 — trace
None 2 — trace
Shaking by 1 91 33.5
hand 2 84 28.6
Stirring by
R
stirrer .

CEBRBEUVIIER, v 2 FvIR4-5—TCi@
# (120~240rpm) LUHBEITOWT, 1EMBX
O 2 B FALEE A LTz Y V'F — A DGR & INE 2 H]
EU. .

Table 1 IR X 512, HH%E £l b
BAE, )V F— 2 IEBECHE LT 0.2 N Bl
RET2 s, B EAFERShSN. ChitdL
RS 5 KB 272 5 Ba I RE LB IA S 1,
CORF 9 I AL~ 5 —CHHEHT 5 &, B
FOIELTRAREIN S, Bk E-o7 Mk
Ulsholz. UTeds-o T F ORBTIT 5 IKEANE
BLOBEHRORIGIZ, TXTHIERL 51T
27z,

(2) REWBHEOY

ERERUCEHTY VF— 2 2RET =7 I
fRL, —55~—60°C Tifi#: Lishis, HBE9 HREH
BU, B[R &EFEEORRNELE#E~7-. Fig.
2 OHLMPEI A, RELBEIKES>THEEE
Yo shs o iElE, B E IET LIz, E
BREAZEEH 2 AT, VU F A3 OB U
BEThE, W7 Ve RTERBZETCHH L &
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Fig. 2. Stability of lysozyme in liquid
ammonia at —60° to —65°C.
—O— Relative activity
—@— Recovery. .
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(3) HERBREOCLE
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otz Sml ORIKRT L E=TFICERL, —65,
—55°, —45°, —20°, 0° L OF 20°C iRZNZFh 24
R2Tc DB, FROFETY VF — L 2 BiERRE
BEUTHERL, BHEEE & ERERZHEL:. 20
W% Fig. 3 iR, MENRE OREE S H
5, HEEZ —45°C BHEE CO ER T #5920 ZIE
TI3ICEELND, Zhd Y EOWERE TITRBIYE
TL, —20°C TH 90 % OFMBSHE LIz, EINEER
TN | UEEBA 5, —65~—55°C Tit 70
~80 BODINETHEN SNT2H5, —45°C Tl FNEKDHS
BEBITETU R 2050l Zh X hEWERET
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TOERR TS 5 BEHED s hic.
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Fig. 3. Effect of temperature on the sta-
bility of lysozyme in liquid ammonia.
—O— Relative activity, —®— Recovery

(4) BETUEZTEVVF—LOEBROTE
JUF—un 100mg 22zLZN 1, 3, 7.5, 15, 30
B O 60ml QEKET vE=T WKEKRL, —55~
—65°C D7 & b+ T4 74 RBHiC 1 BREED,
YV F— A% B L TRERE SREZHIE L.
Fig. 4 @iRT X 51, BHOBEZIZEALED
SNISHDOTHS, YVF— AR UTRIEY v 227
PEBEIDIDNES, ThbbRE BT E=7
E(ml)/ Y VF— 28 (gD 25 LT CRRAREBDED
EEEMBE R U, S8 75~150 TRNE RS
Wish, ZhU &7 v Eo7B2BU T NS
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Relative activity
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o

100 300 500

Ratio of lysozyme to liquid ammonia
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Fig. 4. Effect of ratio of lysozyme to liquid
ammonia on-the stability of lysozyme in
liquid ammonia at -—55° to —60°C.
—O— Relative activity, —@— Recovery
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Fig. 5. Effect of water content in liquid
ammonia on the stability of lysozyme in
liquid ammonia at —55° to —60°C.
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C2REROICOBEIR U, A bNiciiZmmy v
F— LD iEEE NEE BRI ER% Fig. 5 iR
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3. ERBLWUEIC LS )Y F—rDTREN
1woWnT

TRz i, VI F—2% —45°CLED
BECHMIET 3 LR, Z CTRBLOK
RZERL, IHINBHEIET S CEPTENIL,
BRICET 5 G AERICIE 3 EBEL FTRROERZTT
Vi) e

(1) TEEUVF—LOWRETBIEOEREROH

E

A, BV IVF—LOT I /BHEK

Table 2 IKHRITHIT 5 WLOHE KL >TREL
LItV VF—aD7 3 BERZRT. Ed5HLD
XA, VIF—ADT T BRI TIREE
PHEL B DB I Shighotz. LTS > TAREL
IREMEICE 2 7 2 BREAHEOBEEICE 3
BOTIRITNEZRI.

Table 2, Amino acid composition of lyso-

zyme being insolubilized with
liquid ammonia,

: Found
Amino .
Acid Theoretical Native Insoluble
lysozyme | lysozyme

Asp 21 21.7 21.2
Thr 7 7.1 7.2
Ser 10 9.0 10.2
Glu 5 4,8 5.6
Pro 2 3.1 2.8
Gly 12 12.3 12.5
Ala 12 12.0 12.0
1/2 Cys 4 4.5 4.2
Val 6 5.6 6.1
Met 2 2.0 1.9
Ileu 6 5.6 5.9
Leu 8 8.2 8.5
Tyr 3 3.1 3.2
Phe 3 3.1 3.3
Lys 6 6.0 6.0
His 1 1.2 1.0
Arg 11 11. 6 10.6
Trp 6 6.3 6.1

Amino acid compositions were calculated
assuming alanine to be 12.0.

B. BV VF—LOFRSNDHT
RENMY VF— b LB JF-sZNZH LS
mg % 150 mg OREHY EBAL, B{LA Y GEHE
i > THRMNMER 2 FE L.
Fig. 6 [R$ X5, RHELY VF—12Eney
VF— AL, BEEBE b oT Bihs 552
2. ZORERELTHEL BEF DS BALN3

100 =
. 5 R LT T
’: 20 .
2
g 4000 2000 1500 1000 500
g Wave number (CM-1)
& 0.2 M acetic acid — insoluble lysozyme
k|
S 100
K  ———
[ =
60| /\\/"A'/ _\\\ /”‘/-
v
20!
4900 2000 1500 1000 500

Wave number (CM-1)
Native lysozyme

Fig. 6. Infra-red spectra of lysozyme being .
insolubilized with liquid ammonia and
native lysozyme. ‘

H3, RERTIFZDEE L KBEBLI-DOTZ DR
BEETACENTES. ZCTCHOERELTY Y
F—bDORELZNIMEL S BEENEBLOND. Bt
CEOTAREIYTES C ERRUREZALONBDT, B
TR ERHIET 270 TARBELRIFIL 5 3 &%
B LI,

(2) FERZWEICLZTAEOMIE

ERD L 5 KK EZNBEDOREPBNEEY VF— 4
BERERET T EPHREINIIOT, 2 HD&
BEBIET A EEL SN HEBRTIRELICRITT
HEICOWTHRE L, AE{LOBELEZEAT.

A, UJF—LEE

Y JF—n 50mg % 1.5, 7.5, 12.5 35 % ¢F 20
ml OWREDT =7 IBIRL, BE (15~20°C)

100 . o2

501

Recovery (%)
OD . 280nm

Oy
100 300

Ratio of lysozyme to liquid ammonia
(ml of NH3/g of lysozyme)
Fig. 7. "Effect of ratio of lysozyme to am-
monia on the stability of lysozyme in liquid
ammonia at room temperature.
—e— 0D 280nm
—O— recovery calculated by OD zgum
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Table 3. Effect of solvent added to liquid ammonia on the
recovery of lysozyme.

Additive Ratég gglégc%ll;l%‘?/n‘lgoma Recovery (%)
None 5:0 trace
Anhyd. methanol 431 12

” 3:2 10

” 2:3 trace (gel formation)
Anhyd. ethanol 4:1 : 15
Propanol 4:1 7.5
Butanol 4:1 8.0
Acetone 4:1 18

C1ARBLUIOLEEY =7 2B, BE
iz 0.2N EtBE2 A C BTV VF—-20ERH
FUARBEERZ KD, VYIF—20BRIBK D
OD 50nm 2HFEL, El%n =25 U TEHLIL.

Z DR Fig. 7 @it X 5 il ry ve=7 D&
PEUTEERHEIETE, RAEDIIH ShENNER
KT B b0, VTHOBEIINT
FEEIIIEASRETTEEL. ChiEEIRE S
EKELEIOND.

B. FEBAEOEN

Table 3 RT X 57 A O FEBERHET v
=T REMU, FELHEIESIR 2R, VU F—
L EWERT vE=7 ORHIZ 100 T, BET 1 BE
L.

Z DR, FHRBIORINICE > Th3hisdis HE
PERBHAT S EWBTEIY, WFhOBE § HlE:
I35ERICHER LI,

C. EEOFM

Wikrre=va, HEFNIY A, HEHY, B
fLavey s, ke %oy AZ0ZFH 500mg %
Sml OWET VE=TIMA, THITY JF—4 50
mg PHEMUTERICIBHREL:. WHE 0.2 N B
BRAIEEE UV V' F— A0 % K1z #558E, Table 4
WRTE S IRy Ve =y b EHILF b Y Y AN
B2 RMITEAIES T E5bholc. U LIEDIE
Bz ol SIRVED S h s oz, COER%
A3 123 T b R OIREE AT B ISR 2 50
w2 A, WEOSRZEREOKEKT vE=T e
TARBRE IR H B C Epsbhotz. L7 =
VLIRS EET v E=TIBRL, EIER
53 % EUIZHS, WEAEUT BEEERED S
nrzholc.

HALT ey AERINORERS 3 5 IR L, WHE
Y F— L QEINE EBFEE 2 ER I HEMER

Table 4, Effect of salt added to liquid
ammonia on the recovery of
lysozyme.

Solubility of salt in
Salt Recovery liguid azqmonia at

(% 25°C (B

NH,C1 53 102.5
NaCl 40 3.02
KCl trace 0.04
CaCl, trace -0.01
MgCl, trace —

Bizhs, BECTHETARY YV F— s 3RECKRE
Utz. %77 0.2 N BRI U V' F— A0 [REI3E
{Errve=y A ORME 10 % $TIIERUIZY, 2
N R T EBIYET L.

4, (EEKZAEY Y7 — 2 O YL T
O EER LR ME

ERDX 5y JF— a3 —45°C LIFTORET
Eo 7 TEREAEL T EER2EEL, ULr N
ETERINZ CEBHLLIKILY, WY v E=T
BVVF— s QREER ICFAL S 3 &RzoT
A5, BTN D, WRNENY VF — s DY
72 5 IR A D O BB 5
DED % FERUICHED THE L BB H Iz,

ZCT, FRb s K547 4 RMT —45°C YT
ORE7 =7 HIC8 HEMELIZOL, BiET >~
o7 REFEREL, 0.2 N BERICERL THRTEL
TENBBRET R UMY J'F — & OE % HER
L.

(1) 73 /EEHERR

Table 5 IWRT & 5 KIEBHZMIMT VI F— 4
D7 3 BRI A D DEE L RIT X lahol.

(2) mEPE ‘

pH 4.5 @ 0.5M EEERRBEIKAC BE 1 BRI
DWT lem vk FAVEELIZ SR, Fig. 8 1R
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Amino acid composition of lyso-
zyme treated with liquid ammonia
at —60° to —65°C,

Table 5,

Found

Lysozyme
treated at
low tem-
perature

20.6

Amino

Acid Theoretical

Native
lysozyme

N
—
N

Asp
Thr
Ser
Glu
Pro
Gry
Ala
1/2 Cys
Val
Met
Ileu
Leu
Tyr
Phe
Lys
Arg
Trp
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Amino acid compositions were calculated
assuming alanine to be 12.0.
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o
w

o
o

Rotation angle (6)

L

350 450 550
Wave length (nm)

Fig. 8. ORD curves of native lysozyme
and lysozyme treated with liquid ammonia
at —60° to —65°C.
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F ol —ET A A EERRM A Shiz. UTahso
TIEREZIEL ) V'F— A OF@E OGS A
5 DAL BA LN EHEINIC.

(3) ¥HNEMARS IV

pH 4.5 @ 0.5M SR EE 0.02% T 1
cm Eov % VIR X ORI U VT — h DA
WIN R R 7 MVREIELICREES Fig. 9 IKRT. W
FEDOFNART bVidE{—B LTz, LIchs>TER
WEMEZ Y VT — & DRANFRITBEFRT % kS
L OB E LN LRSI,

(4) #EZARZML

0.67

o
N

Absorbance

0.2f

200 300 4 O 0
Wave length (nm)

Fig. 9. UV spectra of native lysozyme and
lysozyme treated with liquid ammonia at
—60° to —65°C.
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Fig. 10. Difference spectra of ES-complex
- of native lysozyme and lysozyme treated
with liquid ammonia at —60° to —65°C
employing glycolchitin as substrate.
Upper curve : lysozyme treated with liquid
ammonia
Lower curve: native lysozyme
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ERRIEBT 20 JF— & DRNBR AT bov
OEBRER <Y FEICEDTHELYL.
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Fig. 10 IWRT & 51, EEREMEY JVF— o3
EMEY JF— AL, ERARY MVOEREDE
16330, ZOBEEOELIEEOBEITHT 2L X
5 AR ERN b DTIR2L, 62-Trp OREHDHITH
RELLTNS 3D EHEING. U LREBED
BEINDIOTYVF—4 LAL LS NBEREES
BEERLUTNE T EIEELPTHS.

(5) pH &k #

pH 3.5, 4.0, 4.6, 5.0 @ 0.15M EREERS
ror pH 5.5, 6.0, 6.5, 7.0 @O 0.15M U L BB
WiZZVa—vEF % 0.05% 185 & 5IBRL
TREERZRAM L., 20 1 ml KEREZINES
JOEMBEY VF—AD 0.2 B KEK B ZHh Fh
0.5ml $ohnA, 40°C T 30 SR S ¥z Db
BB E > TERTABTLEHEZHEL, VS F—
ATESE LRGSO pH & OBIRERD .

Fig. 11 iz pH- Ef:ii#R%ERT & 5ic, B pH
BIhd 46ich b, EREZLERZYVF—-20
PH KEHERI2 100 T EHEH 5 h i isolz.

100

T

50

Relative activity
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pH : :

Fig. 11. The pH dependence of activity of
lysozyme treated with liquid ammonia at
—60° to —65°C. -

—@— Lysozyme treated with liquid

ammonia
—O— Native lysozyme

(6) m #:| %

{BEK MY V' —F 2% pH 4.5 0 0. 1M FER
EEWICHEL, 20 1ml I 0.05% 7Y 3—v¥
FLEWE (PH 4.5 © 0.1 M BHEREEENL) 2ml %)
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Fig. 12. Thermal stability of lysozyme and
lysozyme treated with liquid ammonia at
—65° to —65°C.’
—@— Lysozyme treated with liquid
ammonia
—O— Native lysozyme
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Bio-Rex 70 i 3% S8z 7 MLy VF—2%
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% gradient elution iz X > THEHLIZ.
F. Z © 1 ,

Y F - ATEEDRRE, WABNARZ bvis Xk of
PRI ELDRIE, T2 Y a—VEFr EDEEEIT
DNTOEARY bV BEIT<T L5 I-1-(3)
ERT {0y (P Yt

(2) VIF—=LOXFILIATFTIE

A. NHIEEEEIRTNMEES LUBEEERE

yJ'F— 24 300mg % 0.3ml DIEMRPEET B E
Kx &7 —ov 30ml IQERL, BE 25°C) TG
I TRFNICZ 27 VLEZHIE L.

Fig. 13 ITR3 X 51T, =2 F WALIZEGD 4 B
WEBIGETL, VVF— A 13FHI20 3. 5BDY
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Moles of carboxyl
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Fig. 13. Time course of esterification and
change in activity of lysozyme.
—aA— Titration in the presence of 6.5
M guanidine hydrochloride
—@— Titration in KCI solution
—O— Relative activity
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Fig. 14, Effect of concentration of hydro-
chloric acid on the esterification and activity
of lysozyme.
—A— Titration in the presence of 0.5
M guanidine hydrochloride
—@— Titration in KCI solution
—O— Relative activity
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Fig. 15. Effect of temeprature on the es-
terification and activity of lysozyme.
—aA— Titration in the presence of 0.5
M guanidine hydrochloride
—@— Titration in KCIl solution
—O— Relative activity
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Fig. 16, Effect of moisture of lysozyme
preparation on the esterification and activity
of lysozyme.
—aA— Titration in the presence of 0.5
- M guanidine hydrochloride
—@— Titration in KCI solution
—O— Relative activity
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Fig. 17. Difference spectra of ES-complex
of esterified lysozyme and native lysozyme
employing glycolchitin as substrate.

Upper curve: esterified lysozyme

Lower curve: native lysozyme
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Fig. 18. Chromatogram of lysozyme este-
rified with methanol for one hour.
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Fig. 19. Time course of the ammonolysis
and change in activity.
—A—  Reaction at 20°C .
—A— Reaction at 20°C (with NH,CD
—®— Reaction at —45°C
—O— Reaction at —65°C
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Fig."20. Effect of temperature on the am-
monolysis of esterified lysozyme.

—A— Amidation in the presence of
NH,C1

—®— Amidation in the absence of
NH,C1

—A—  Yield in the presence of NH,Cl

—O— Yield in the absenec of NH,Cl
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Fig. 21.
lysozyme.

Chromatogram of amidized
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Fig. 22. ORD curves of amidized lysozyme
and native lysozyme.
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Fig. 23, UV spectra of amidized lysozyme
and native lysozyme.
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Fig. 24. Difference spectra of ES-complex
of amidized lysozyme and native lysozyme
employing glycolchitin as substrate.

Upper curve ;: amidized lysozyme

Lower curve: native lysozyme
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Fig. 25. The pH dependence of activity of
amidized lysozyme and native lysozyme.
—®— Amidized lysozyme
—O— Native lysozyme
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Fig. 26. Thermal stability of amidized
lysozyme and native lysozyme.

—®— Amidized lysozyme

—O— Native lysozyme
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T DEHEE 1TV T i3 3T Hoare 35X ¢ Ko-
shland (1966, 1967) ¢ N-benzyl-N’-(dimethyl-
aminopropyl) carbodiimide, 1-methyl-3-(dime-
thylaminopropyl) carbodiimide, 1-cyclohexyl-
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3-(2-morpholinoethyl) carbodiimide 7z & % i
&b B, Fiobks (1968) D 1-cyclohexyl-3
-(2-morpholinoethyl) carbodiimide (ZJF CMC
ERERR) BEHHE LU THWILY VF—-A0BH S
FEINTWB. Ths OBFRIZVER b KRR
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(1) =BMEEFE
AR % '
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Inc. X hEEA.
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NH—-CH;-CH;—-CH X
\CH/O
CMCiEY v+ —a :
CHj CH3
0 NH
i e NS
Lysozyme C —NH:+H*+ 0=¢C /N\
\ CH2
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0
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() WhrrE=7 itk s Y IF—L L
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DLEN, BEEERIcE>TT I F{LYVF—2% %
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FRORGRBNTY VF— 23R E7 v E=TH
T CMC &L, HvEfvvdEdd CMC E#5E
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B% 517, 73 FIKES.
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{6V V' F— BTN TER U I FER Funiz.

(2) KBBPT CMC ¢RISSEIZ UV F—L4A
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(RE8ER7 2 M1B
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°C) BLO —65°C TIMT VE=TFEZTTNT 3
FiGY VF— 2B AT,

Table 6 TR T Lok, EREMNET 5HEH, KR

(—65°C) METIZ 5. 5D ANEFINENY JF
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Table 6. Ammonolysis of CMC-lysozyme produced
in aqueous solution.

Conditions of ammonolysis Mg()rlglslp(;fazirgicz)zgl A':(t}y;’)ity Rec(:gg)ery
CMC-lysozyme 0.2 76 —
Treated at 15°C for 1 day 5.2 4 2.5
Treated at —60°C for 2 days 5.7 65 75
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W7 v e =7 RIRBNT, DUSEBIGETTS X £ ol

SIAAB. ﬁ

B Tid, ERAEOHE, CMC LY V5

— A DEREEM 76 % Tholz d DI7 T RILDFEE ‘ o

40 80 120
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BTz & 5 I SNz VRS L IVEOBIZS D
D, CRES L, PUEST OBEEBEENEL, LU
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—7, WERNE R BRE T oo &I BmE s
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T2l 7 3 VB E 2T, 7 rEeE=7 Q%
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BRICER U b OWEPZHDPD 3720, 1200
B DB —M: %3372 Bio Rex 70 itk 7w
< bI T 4 —FfTg00z.
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Fig. 27. Chromatogram of ammonolysis-
products of CMC modified lysozyme.
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Fig. 28. Effect of amount of CMC on the
modification of.lysozyme in liquid ammonia.
—O— Activity at —60° to —65°C
—A-—  Activity at 15°C
—@— Amidation at —60° to —65°C
_ —A— Amidation at 15°C
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Summary

Attempts were made successfully to perform the amidation of carboxyl groups of

lysozyme in liquid ammonia.

Prior to the chemical modification, stability of lysozyme in liquid ammonia was
investigated under various experimental conditions. As the. results, it was found that
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there are no significant effects of liquid ammonia on the physical as well as chemical
and enzymatical properties of lysozyme when lysozyme was dissolved in liquid ammonia
below —45°C.

Amidation of carboxyl groups of lysozyme was achieved by the ammonolysis of
the active forms of ester. The esterification of carboxyl groups of lysozyme was carried
out by three different methods employing the following reagents: (1) methanol with
hydrochloric acid, (2) carbodiimide, (3) Woodward’s reagent.

In the case of methanol-HCI, esterification was performed in aqueous solution and
esterified lysozyme was ammonolyzed in liquid ammonia resulting in amidized lysozyme.
In this method carboxyl group could be amidized without any denaturation when it was
carried out at low temperature below —45°C, though the reaction proceeded so slowly.
Denaturation occurred accompanying insolubilization of lysozyme at room temperature.

In the case of carbodiimide, two methods were employed. Carboxyl groups of
lysozyme were modified with 1-cyclohexyl-3-(2-morphinoethyl) carbodiimide (CMC) in
aqueous solution followed by successive ammonolysis of CMC-lysozyme to amidized
lysozyme in liquid ammonia.

On the other hand, lysozyme and CMC were simultaneously dissolved in liquid
ammonia below —45°C, and the reaction was completed producing amidized lysozyme.
In this method the chemical modification occurred selectively in comparison with that
in aqueous solution, and six carboxyl groups were amidized. The remaining activity of
product was measured to be about 70 per cent.

In the case of Woodward’s reagent, N-ethyl-5-phenylisoxazoline-3-sulfonate (WR),
the reagent and lysozyme were reacted in liquid ammonia, and yielded specifically
amidized lysozyme of which three carboxyl groups were modified and remaining activity
was about 75 per cent.

Thus, a new method of the chemical modification of carboxyl groups of lysozyme
was established by using liquid ammonia as solvent as well as chemical reagent. As
the modification with CMC or WR in liquid ammonia are particularly selective, this
method seems to be available for the study of the relationship between structure and
function of lysozyme.



