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ABSTRACT

The effects of chemical modification on the enzymes’ stahility in polar organic solvents were studied
with subtilisin Carlsberg in dimethylformamide-water mixtures as a model system. Three out of nine ly-
sine residues of subtilisin Carlsberg were coupled to either trimellitic or pyromellitic anhydrides thereby,
for each lysine residue modified, resulting in the net replacement of one basic amino group by two or
three acidic carboxyl groups, respectively. In water at 60°C, both trimellitic and pyromellitic anhydride-
modified subtilisin Carlsberg showed increased thermostability by 2.6 times and 1.6 times, respectively,
as compared to that of unmodified enzyme. In 70% dimethylformamide at 25°C, however, only
pyromellitic acid was shown to enhance the stability of subtilisin Carlsberg by 5.5 times increasing the
half life time of irreversible inactivation from 4.9hr for unmodified enzyme to 27.8hr for modified en-
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o ool2g Wye 49 GHAE F717] ¢
g o g WS vt EaTxe uHEe JFe
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Fig. 1. Reaction scheme of amino groups of an
enzyme with trimellitic anhydride or
pyromellitic anhydride as proposed by
Mozhaev et al(14).
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Fig. 2. Dependence on the solution pH of the
activity of unmodified(C]) and modified
subtilisin Carlsberg with pyromellitic an-
hydride(@®). Buffers(10mM) used were so-
dium acetate for pH 4 and S, sodium mon-
obasic phosphate for pH 6,7 and 8 and so-
dium borate for pH 9, 10 and 11. Each
buffer contains 0.lmM CaCl, Each point
was duplicated.
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o A= K, 2He 0.395mM, k., 3F& 0.307sec™
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Fig 3. Effects of chemical modification on the
thermal deactivation of unmodified((])
and modified subtilisin Carlsberg with
trimellitic anhydride(@) or pyromellitic
anhydride(A) in a sodium phosphate buff-
er(10mM KH.PO, 0.ImM CaCl, pH8) at
60°C.
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A EAEWS] carboxyl $o]2EE& 83 T3
712 7] el Ao AZErd. 1A G4
Atolle FHERY o]e7]9] ¥Er} TAEA
37 pHgtell dFE & & g A2 =27 &



190

Q) Ao oA

Mozhaev =& trimellitic, pyromellitic 281
mellitic anhydride 5% AH£-3le] @-chymotrypsin
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pyromellitic anhydridedl] 23}o] 3}atHgE g4+
F284 wizba)7re) 22 81.97mingt 50.30min&
A A EAY WaEAZEe] 32.02mind) B)ske] 72}
2.5u)9} 1.5u) ) dokbAA dAhe Bt Ly o]
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tilising 49 AL FA7|e Acz oA
sodium phosphate <% 8- (10mM NaH,PO,,
0.lmM CaCl,, pH8)& #}&3tadch. 25C 9 50%
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A zbe) o BAwsts Jeluigdoh. @2 sub-
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Korean J. Biotechnol. Bioeng.

100

% Activity
=

1 T T T T

0 10 20 30 40 50

Time(hr)

Fig. 4. Effects of chemical meodification on the
deactivation of unmodified(C]) and modi-
fied subtilisin Carlsberg with trimellitic
anhydride(@®) or pyromellitic anhydride
(A)in 70%(v/v) DMF at 25°C.
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A ol BAle 94 249 A 2ada
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H)5le] A7| gjFo|ch(13). wjeb4] Eo<42] NaCl
oy}l Zastd §4Ex e hydrophobic
force7} oFglEle] &4 EF o] AR & o
t}. B ool 4] A} subtilisin Carlsberg: ®]3
A F22A 4BAE st TE =9 NaClo
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Table 1. Effects of the concentration of salt on
the half life time of pyromellitic anhy-
dride-modified subtilisin Carlsberg in

70% DMF at 25C.
NaCl{mM)* half life time(hr)®

0 27.8

10 245

30 279

50 190

100 226
150 25.1

a:The concentration of NaCl at saturation in 70% DMF
was near 150mM.

b:Activity of subtilisin Carlsberg was measured for the
hydrolysis of Suc~AAPF-pNA in a sodium phosphate
buffer(10mM NaHPO,, 0.1mM CaCl,, pH8) at 25°C.

ok b e Bl sia] ExpEH
ARA carboxyl7]1& ZHA| 5= 3EheiEE subtilisin
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A FAEE g BodFqle ol a4FHY &
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2FA 2| Folx 7ke] Hr)H whdo 2 <lg)
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otu|7|7} A7) wEel Heq A £ Qo). o
23 A 394 249 FAEHEY golg A
H21717] fa4e 100mM olate] e NaCls e
|4 F&3] o]Fo A & e FAHE U3t
+ Ado|th(23). EAHESlA HY 7t T2
AL 938 EA7l 522 pyromellitic anhydride
of oJaf4 W Fa9 kAol 44 F9 NaCl
FEo FEA kg npetAd Axely € £
k.

AEZAH o2 FA49 o}u|x7|9 anhydrided] uh-e
£ &8t E4E FHetde 2 Wi A7 A 24
Fr71 8l g a4 LS SN 5 e
gl 3tlom, & Q74 dubHal 4 7}

o
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4% ZARP) sked thermolysind} 2e e
peptider}- ) 5% oz ATE A% S

Z oA Ao}
ERS

she WY ol 4oko] 34 718uel o
29 A4S F7HA19] HF dFE dimethy-
lformamide/E &3-E¢42] subtilisin Carlsberg
£ e A wslgdn). Subtilisin Carlsberg %2}
7} 7R gle & 9709 lysineE 3707} trimellitic
anhydride &2 pyromellitic anhydride®} #2319
o w3t lysinemje} #te] 937)4 amino”|7}
7kzk FoReh Al7e] A4 carboxyl7| 2 2]EHE gic).
60CY gdelA trimellitic anhydride &
pyromellitic anhydride®} #F-23} subtilisin Carls-
berg= Wello] o nwlste] dekygAMo] ztzt 2.6
wiel  1.6wld  Frlsbaddh. 25°Ce 70%(v/v)
dimethylformamidedl] 4} pyromellitic anhydride
o} vhg-gk Favube] flalo] Fao wlake] ehAIA o]
5508 F7istadch. 2484 sk g g
749~ 4.9hrgd o5 pyromellitic anhydride$} ®h-S-3}
F49 7Fo= 27.8hredth
S
o] =2 1994dx g=ehex sty Fna

A od el el AEgleH ole] s
AHE 7] 3

DMF : N,N-Dimethylformamide.

MWCO > Molecular Weight Cut Off.

Suc-AAPF-pNA : N-Succinyl-Ala-Ala-Pro-Phe
-para-Nitroanilide.

TNBS . 2,4,6-Trinitrobenzenesulfonic
Acid.
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