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it\sres pemruﬂemmhazqﬂm bm a@bnteph Tranbfomiantbaversid te orcdmreqdoehakexﬂ#skﬁ
and pool Déted8hgt ln‘l-ﬁm!ﬁdmsﬂ?»g%!’@dchl@::"l’ 'F‘Q#he ?ﬁggﬁ"@ was'

Lerr] affl B8 I B bededol W el jibibuatie ‘éia
The frequ%ﬁv ngRARD.01'M So lﬁﬁpﬁds the Sulstiné uﬁntwaypdmn

and 0/7 f Qﬁerﬂélﬁtemﬂm thb €am¢ Ifiperide\00B N in Nadan.e ndltdnhsubtlliqnsat positiof +222 waneeacb
st rand wasiytosthifdr sadivatiphesphaterptn0. She pupfied rutent eéﬂ werethen used i
conpl ementstidies gheidationgaliity, &y e JiGrHiom, 1ot B © E’H@E%t‘[‘ chagges we pReeifoivy
[err] and processed-as before. The frequency of appearance of gin and ile
mutants was now 7/7 and 7/7, respectively. 15 The data in Table C -
‘denonstrate a bias in the frequency of mutants obtained fromthe pools.

Thi's prebably resul ted. from unequal representation of oligonucleotides iun
t he pool . This may have been caused by unequal coupling of the particular
trinmers over the nutagenesis codon in the pool. Such a bias problemcould
be renedi ed by appropri ate adjustnment of trimer levels during synthesis to-

refl ect ggqual reaction. In any case, nutants which were not isolated in the

primary screen were obtained by-synthesizing a single 20 strand
ofigonucleotide representing the desired nutation, phosphoryl ating both
ends, annealing to the pool of non-phosphoryl ated conpl ementary strands and
Ilgatln into the cassette site. A biased heterodupl ex repair observed for
t he conpfetely unphosphoryl ated cassette may result fromthe fact that .
position 222 is closer to the 5 end of s4he upper strand than it is to the
5 end of the |ower strand (see Figure 12). Because a gap exists at t he
unphosphorylated 5' ~ends:and tthe mismatch bubble I'n the double" stranded 25
"DNA is at- positi.on 222, .excision repair of the top strand gap woul d nore
readily nalntaln a C|rcularly hybrldlzed duplex capable of repllcatlon

S~ " ey o o o, - .



- Preparatlon of Mitant -Subfilisin Enzyrres B. sljbtllls strai n BG2036 obtai ned

by -tthe nmet hod of Exanple 11 was transforned by the plasnmids of Exanples

14+ 15 or 20. and by pS4-5:as a control. Transformants were plated or ,
cultured in shaker flasks for-16 to 48 h at 37C in.LB nedia plus 12.5 [err]

chl oranpheni col . Mitant enzymat i ERI 0V130766eBIubti | isin was 45 recovered

by di-al yzing cell broth against 0.01 M sodi um phosphate buffer, pH 6.2. The-u.--
di al yzed broth was then Taileal ed t0igonueleébtiie Poal Qrgunization oaded on a 2. 5

x 2 cmcolum of CMcellulose (CVMad piEahémRy) of flitdfs obehined With 0.01 M.
sodi um phosphate pH 6.2, the subtilisins (except nutants at position +222)-

wer e el uted with the same buffer made 0.08 N in Nad. The nutant
subtilisins at poPebi on AwWAE Avfde each elCdden-2828h 0. 1 Mqueprhosphate .
pH 7.0. The purified nutant and wild type enzynes were then f in 50

studi es of oxidati oA stabilaspy, Km Kcat, Kc Kmratio pH o m and
changed?in substrate speci fetity. 55 60 65 1 EP 0 130 7 1 Table C

d i gonucl eot i de Pool Organlc.’l&tl on and Freque of Mutants s ned 5 Pool .
Ami no Aci ds : COdO@J' 22a FRahuencyb A 0/252SP

GAT - 2/ 25 a met 25, .
“ATG" 15 3/ 25 Ggrpected mutants TGT B s
Lavg - B AGAieu 1’5 gln 1/25 GAA
0/25 unexpected nutantsa pro _ CCT 5/25 15 B 3/25 leu
CTT - _ 1/ 25ppe o TTC CCT 6/25 3/ 25
phe 2 TTCtyr . BO5 20 5/25.

tyC TAChis &C5 his  MES CAC
1/ 25 - unpexpect ed nutants unpexpected mutants 9/25 C 9/ gl u _
GAA 3/ 17 al a - CCT - 3/17
thr 25 ¢ ? géAN lys gﬁ; AAA
1/17 asn }Ac ACA 1/17 30 327

unexpected nutants BAAL7 D gl $/17 :
GGC : 1/ 23 a{Ii P T AAC TGG 1/17 8/ 23
e 4 * ATCunexpected mutants 0/ 23 35 8/17

ser - AGC 1/ 23 val ' . GIT
4/ 23 unexpected nutBnts gy 66C 9,23 40 /23 cpdons
“wer.e chosen based on frequ i? use in the clo subtilisin gg sequence
_(V\éllsat al ., 1983, I1d.). b Fre ncy was deterjygyed from

single Track analysis by dis %ct plasm d sequgfgi ng. 50. c g/23Unexpected = .
mut: ants general |y conprisg emg@é@ tHndet s W|th changes in gmjpns next to - -
222" 0r - at the-pa-n-i—s—e-f—J-n—g-a-t—r-en——FEes-e—mTe petteved—to-—resut—from .

Neapur.i ties in-the obi gonucl eotide pools and/or erroneous repair of the
gapped €nds. Bxangodons’ wéfe bhésent baSedton Fréquelluseiini the chgnedved Oxi dation
Stability Subtilis ne st jed at the 222
~position for wild %@E‘eﬂ%ﬁ' %gﬁl)g%é %Exea(rirﬁ]%(ii?eé1 ri]'v\erfe“gsslla@gd for resistance
'to oxidation by Incubating with various concentrations of sodium
hypochl“(‘jrl de (PO orRreqitinegove)s. déterminedt friomvsiinghe todckionalysis pyodirect M pH

[err]. buffer c g?ilte ndi cat ed bl each concentrations 65 (Fig. 14)” h
suff| ci ent enzym%gﬁ@dg ?‘obgl ve a final concentrati on of 0 01 6 ng/m

of enzyne. The solutions 18 _
- &0 ¢ Unexpected mutants generally comprised double mutants with

changes in codons next to 222 or at the points of ligation.
. -These were believed to restiit from impurities'in'the
L obigonucieotide pools and/or erroneous repair of the gapped
' ' ends. :

" Example 17
60 Mutant Subtilisin Exhlbiting Improved Oxldation Stability :
' Subtilisins having cysteine and alanine substituted at the 222 position for wild-type methionine.
_{Example 16) were assayed for resistance to oxidation by. incubatmg with various ooncentrations of sodium

" “hypochloride (Clorox Bleach). '
' To a total volume of 400 pl of 0.1 M, pH 7, NaPO, buffer containing the indicated bleach concentrations
65 (Fig 14} sufficient enzyme was added to give a final concentration of 0.016 mglml of enzyme. The solutions

18



EP O 130 756 Bl wer e |ncubat ed ‘at [err] for 10 m n and assayed for enzyrre

activizty as foll ows: 120 [err] of -either ala+222 or wild type, or 100 [err].--_.__

of “the cys+222 incubation nixture vvas conbined with 890 [err] 0.1 Mtris

buffer at pH 8. 6 and '10 [err]. of g éésg.irple 18) substrate solution "

(20 ng/mt in DVBO). The rate” “of . |ncreas i'n abser bance at 410 nmdue to - - ..

rel ease Ofwdpe Mbdbatedei 25°00r (006ih ahdissayed fobenzy@b activity asFallbdrs! 120 @l of eifies @laepazor

©99, 5 316-vaRG)peym3I00yw nfmomﬁzzszbamesnimse wascomhinggh wltmssprxgﬂ MM‘?@”&P BPne
al, i0

substitutiapd1 lubefm; @xag ia 38 g”% a?;es';' e
%ﬁ: n?ts p- L.%ﬁ%&gﬁﬁﬁﬁeﬂt&u&ﬁﬁ ﬁ’oeW@&\siderably

w I d-type
subst it ut efiord Glanie Bhzying t n%rth wemulu-wp% toRg mis aaﬂmﬂﬁcﬁubsuﬂa tystair@mesidud waet
subst ant | %ﬂamﬂm for nﬁttﬁo?iiﬁet Burprisinghp tivec aramm yubattationsdid tniot substanyjally (nterfere, with

yet conf eranggheastivityiagainst shedissay sbstratelyet dopfprreshrelafive axjdstionstabiliteonsthp prrype-Fhe
nut ant al seriRetRRAMytaRE Sersrdibite "BR’P\fFé‘tq"lS'ﬂ“g'ts?Bl"FVr ty. 10 Exanple 18 Mutant =
subtil-i-49 ns Exhi bi ti ng Modified Kineti agqssubst rate Specificity Various

nut ant s ' QiuigkeSabtiNSiHd- Sibiihg Motfie€ Rinetts Ad SuBagité spatifiieat , Km and Kcat/Krn
rati-os. Ki newvarfoup aiubdiitl for glyshian-@660kdre istrexhed fo rmiﬂys Keat,dfm amK@ﬂ&grretbs KHostige s

of the regmranmtess wilhobtameb\oﬁnalve'aef the pragress !B!S\'esrPé “ 9 g;f“
substr ate 'BQFH'@'E%F Qafr”P'&‘?“ ﬁd:'?g? ﬂ' 1963 ?.3 séoe ind.
M-chael i s- o sc;ﬁ% uar GF M 8 b@iféi’%’l-l 8.6, "Bofthining
Mar quar dt g_uw. |y L-AY roanitide ( mnoMa)tit initial Loncdtdatidris) of

Al |l "react ig0dgs Mab 6.00026 maépadd.ag or} s v3lue of Kan fbr tuetenzymetyﬂﬁﬁeeasr @nﬁatwns were
cont ai nrzmgpdhmed ach_mmll me@l @ taezceqﬂgm?q @EF"TYH—#@ ﬁj&‘i‘?ﬁ%@%@f

Bi Qcheni c 'P'B.'F?'ﬂﬁg'“ﬂ cepyirationgiof 400}

on the vaI m @ﬁtﬁé@@%ﬂﬂgmémﬁ gﬁlm .concentrations were 20
adj usted In eac mBasur enent so as to excee or . :
~succi nylasL- Al anyl - L- Aanyl - L- Prol yl - L- PheTgbHd anyl p-nitro-anili de
(SAAPFpN;, Vega Biochenicals) at initial concentrations of 0.0010 Mto
0.-00028 M (varying as descrr bed for BVGRp The rgs S obt n these
experi ments wer3ubssratel | onsEnzyme (\sl)'l’ Ko wﬂt akaﬁ%d‘

Tabl e Dspubstrate ~ Enzyne - .. Kcat [err] Km(M

Kcat / Km-30. AAﬂ:A[aH,N éé_}ﬁgm&q&gfe) 37 37 1.4x107% [err]3 x 10° 3 x

[err] al a+166 esr] 5 -

asp+166 : - - plakipé 59x [er 4T y‘b‘lb 1166 °7 x 10 11

ferr] & 3 x 104 phe+16@sp+166 33 5.8x10]" 5 2 10° [err] . |
hys+166 %E% 1155 %lex [err, 4,[1[054166 3 x 104 15 o
[err] - 4 X [err] asn+ [ 1?OSX [err] 45----
arg+166 . 19 . 3 x [errfx [‘+166 1 .
\[-érr] ‘r .1 x 104 BVCRpNhysqss * WIS Typel. 1x10™ 1 x1 err]

2.x [errf 50 .asp+{p6 -52 { rr]

5 x 04 gluvles plys+l66 ]}é 7"4"1{’04 asn+168 s 1

1.8x404 - . 8 x [err] SBsnﬂéﬁKcat/Km’-ﬁatro flofx¥sch of t4h¥& tants

' varr ed fromthat of the vmlq,. 86 enzymejgAs a ngpaglo e of ca aI

effrcren@y, t hese ratios dem)fslkﬁate t hat 1 ENZYITES 5 wAng mugh S
activity against a given suly e can be readi | eshgned éf ect ed by
screeni'ng i n acBY8Rpince. wi t Wildhdypewventi o0& herei xﬁbr 60 e E Ale6

exhibits over. 2 times the aggb..\grsgy of thegw | d tumj_mﬁ SAAPHD. m'ﬂhr s data:
" al so denf@nstrates changes in substrate specificit gn nut af i ongof the
wild type enzyme. For exanp@d*¥fe Kcat/Khrati & %iﬁpt he D166*ahd, E166
mutants is higher than the \gg[,qssype enzyge W t .20 VGpN SBilxsilat e, but-
gualitatively oppeste—resutts vmbmm—UMat Ton W th SAAPFpN. -
Accordi ngfl y, the D166 and E166 nutants were rel ativel y nore specific for

ST i bl e S

Cys+222 nNulggitrate Rbribe YesHily Bedighadidselbbted\BiSscesanipg: drdanedrmth mé rrwmommrdintﬁbpe
enzyne. a;o ekan ms mrbngmr 2 gmmﬁ actw @m'ldliw %EEW
,u ongl m%ﬁlﬂm

rr?/rril_i)fsor6 wl'ﬂ"ﬁ%i%ﬂ Wﬁ%%ﬁ“ QAJ\#IE: B

at_p

tris buff erﬁmg:i.ﬂ 4 \Ebivyrﬁdlre Gpé&lﬁf: fo? BYGRpN than fon/aAAHFlth l;N Ne
an

initial gate o ge in absorbance at 410 nm per mnute was rreasured at.
_each_pH and the data plotted: |rr Fig. 15. The Q/s+222 rrutant

19
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exhi® brts a sharper pH. optr rrumthan the wild type enzyme. 10 - o

Exanple 20 Site-Specific Mitagenesis of the Subtilisin Gene at Position 169_ :

Thé procedure of Exanples 13-14 was followed I'n. substantial detail, except

t hat -t he mutagenesis primer differed Iglthe rinmer shown in Fig. 16 was - . ..

used); the two restriction enzymn %‘hd EcoRV rat her than Pstl and . - .

Kpnl and the resulting constructions %al" as shown in Fig. 16. 15 L
off

- Bacil lI'us %faﬁmim,ﬁfbhﬂgm;ﬂgmﬁﬂ_ﬁ&p éns at position 169 were obt ai 'ned
- as descr i bedhb pH prufilerof the Dyl 222 Matantidbeairiad irpgXample 16 Whé &*ﬂbﬁreﬂﬂlh&'dfﬂﬁgvﬂd type "
subst i t ut enzyrge.de uiif 60 molchl sAAPFHNin DMSS, 11 i df C pzezrmmmar)m.uwmmmum andd -

gsgalyﬁ thgi aﬁ%{ﬁ; Egggﬁatﬂ%ﬁm?eag%%%ﬁ nI.H %ﬁiﬁiﬁ%g;%%“ ;

brts a sharper pH optlmum than the wild type enzyme.
Kcat [err] . Kcat/ Km aI a+l 69

o 7.
[err]: . Example20169 = 8.

[err] élh bﬂsi"eﬁ Pb‘?ﬁ‘tiP 189hecific Actrvrt on o
Protein ﬂf? 1% ’%Eém e V\ﬁ’r“ ﬁ‘ayed

for al ter.atueeraa.or»snsaex ek ﬁt@frésll ﬁgycda&r@u %.Q&’"ﬁ 2INeT NG protR -
substr & e. Bad&xsmhhemthytrmm puilstilishisSat positor b9 ewbayrn&t waﬁdib%e%rbtvl |ﬁl ty
as”wel | aExappledfchne Nb@"%tewblt"}q substitutionheftalacind sertfontheiwiidbtyparesidue were
suf fi ci enfo e %‘Ld?ﬁ;h %‘t;?;ﬁ'é’ '.? Fﬂremnlswerséf\"ﬁvém P86 in ghegame
‘hydr ophobi'c, 'so as no t‘%’é““é”%%'a?“f P4 a protease with one type of
specifecity. The substrate shoul d al soT&J8tkin no derivitized residues that
restdt in the maski ggm certaqcratcﬂseltyage sxﬁ.e(sn) The Viicde)km used substrates -
such as henogl obi n, ?_l_qggl I ogen ocaserg 1@9 a&a i@?n‘ etc., were .. 35"
rejected on this ba§ b3 ovi ne casein 'r’Fd [ was chosen as a :
sui t abksee substrate. serd168er cent _c3ein (vBah xS utroﬁ KNAQ prepared in a 100 -
; n1\/ITr|s buffer, pH 8 O 10 nvi EDIA. The assay protocol is as Tollows: 790 -

[err] Tri s .2 100 [err] . 1 p@qamehtﬂcaser n (Sr grra) sol ution 40 -
10 [err] Eﬁl m@% ")E@F 35 o ﬂtl gd 2 ona.

al | owesy t&tdrﬁ]ﬁ ﬁtg%t&ﬂ@um N?Egg ?ﬁ; &rﬁﬁv ityas
wast er m naslies attgrodsgebific adticity] ¢ 1h6 Bubd rat&% in Q@Hﬁf&ﬁﬁttdda Qha A6 S o

aci.d; f ol basigangu .mdrhmumhpbm s agnot to hiasrmtasaay asevith ahenype of Bpe mctty

pr eci pi tatggéfﬁ‘ eff’ ‘aﬁ i'tat«egprts 2ﬂ§'e'PR‘¢l°¥ tate#uttrrnsmdnesﬂeoe eFtain cleavage i t v

" Of thegs %m‘.’ﬂsttﬁﬁ Z'rt%'ftﬁﬁ °§ Eﬂ&.@‘m‘%&g’m L
~optical dengi rchr&caeﬁt Iv)rs‘é‘ i6Hiels Phop! d eﬁ,a &rﬁ o
hydrol. yzqdotomatsesrronbmthe reaction mxture e am)un caser n hydrol ysed

by each nut asrtulpeutvemm conpared to a series of standards ~cont ai ni ng

\vari oug, Wﬂé‘%%&%?@“ﬂ?’bt ease, and the act ivity is expressed as. .

- a percentagehd’f“ﬁ g ¥ c t|V|t| L

Were Convgctieitiw rﬁﬂﬁfeﬂf: amﬁ@sddmbfar i Lt °é§mlﬁ .
\H’VI ty ﬂxylsmillmt%&ﬁron &.Ta€p |p|fa pﬁitb!rwvﬁp'é on é’hdft pﬂ&ﬁay o
50 Alden swpernatent thrdehrﬂumd@pm lyosemetiicalheat 289981 Thecoptibal dedalty is/a t y -

on cas‘é“r %@ﬁ‘w t'Pre"Vé‘SR‘, L £28 “(;i;r“‘ mwimcwemu@@f
o A Ay P S e S i

| east- s pagpefactvity. etaytmwbdee rgad%s gt

d. ai s 5£bv1he Rrrwwbamhoﬁm sdl.ﬂibnﬂiéiemﬂ\blag:aﬁ rrut atron in a Bacr

subt.i I‘f"sr nts wic aagiﬂzv shpwastess gpacific muneomg?gﬂ g wt_;_d&&pe Wlth
: posrtron mf “ﬁf "tge?ﬁ 8in wild typs; The grutant

Q@ y+169, B+ ﬁ%@@ of q‘g%ﬁ%”f'Y'W B. o
anyl ol i qmm‘imr ens SUbtr 1 | Si n or its.pres= or preproenzyne, -and 60 testr ng

for a ifesr red actrvr chan e in the enzyme resulting from said nutati on.

2. Apro fpndn GfBaaiflmitaﬂltsirsmm o5 ity pvenely

_{‘ﬁ‘é' Bgogé‘%ﬁﬁ ﬁlféogmﬁ ?ﬁ%ﬁeﬂ.&uﬁﬁﬂ_ a| mt?éor & ﬂgg"%ﬁ%’g?’g‘;‘ﬁ al

mut at i en cowpting$arsa deumdsaumv cianbé Mhednzyie mm@ fidf sdiddhut@ionOSi ti on

corres pondr il Wmh@mmsea mahm afsi reutant sutititisin enzvmq hqyrngdtdesrmgmmty -
enzyne. ot %\g‘"g P'P'1“E‘“'85 pgqgedure % &é 2 ol e BlfliP . S
Mut ant S of -
the Cyss+ L"Rﬁu"tﬁgn tﬁar n vvas %o are f’? a?flgﬁéﬁﬁ‘?e :\i/\n | d

type enzyrre ~10 [err] of 60 rrg/nt sAAPFpN i.n DI\/SO 10 i-ll -of Cys+222 (0.18
-mg/:m-) or- erd type (0.5 ng/m) and 98 [err] of buffer (for heasurenents -
at pH .6,-7.0 and 7.6, 0.1 M NaPO4 buffer; at pH-8. 2,. 8.6.and 9.2, 0.1 M.
,t_r.'_i_s-buffer and at pH 9.6 and. 10.0,. 0.1 Mgl ycine. buffer), af ter whi ch the -
initial rate of’ change i n absorbance ‘at” 410 nm per m nute was neasured at
each pH and the date pI otted |n Frg 15 The Cys+222 nutant exhibits a
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10. ' Exanpl e 20 Site-Specific

- Miut agenesis of the Subtilisin Gene at Position 169 The proced HW""H'“H"I’I
Exanpl es 13-14 was followed in substantial detail, except that '”",
mut agenesis priner- differed:-(the priner shown in Flg 16 was used) the"two *
restriction enzyimes were Kpnl. aiEpP G480 758 'B1 t hdrn Pstl and Kpnl and the

resul ting constructlons dlffered as shown in Fig. 16. 15 Baci | | us

_strainslﬁ |nsE’Sﬂ'ﬂ §|t|on 169 were obtained as
descri be y"m

|I|s|ns exhj bitin
subst i t Udnkyaits 1 niéaew\m ??: WF %@m
assayéd qaomotbaﬁegesrmm meﬁtsa pHEEcE, 70 66d 7.6, 09 mnmbem? AYAB.2 4 wH

8.6 in ttisbuffarrend astoHPGANd 0.6 04 M glycirie buffer-aframahieh ths initiah fate of Shilng6 in\eBidibante s
fol |l ons:at % nm per minute was measured at each pH and the data plotted in Figh1% The Eysr2@2 mutant
i

Kcat [erT masmrperm‘t’mumtha"thew"ﬂé‘ﬁi'/"mi a+169 -~ 58 7.5
X [ erm] 8 x 105 25 Ripia 269 38 - 8.5 X

[err] slte-smbiﬁcn@mgebemmlsabﬁihuwe‘nemdsmmsm Specific Activity on a :
Prot ei n Subkg Pfaﬁeé"'P(s% Exdrenles 1186-14was follgwéd ip isulistamtip Imrlléicmdma?ﬁne\mwgemﬁayed

1
for alt ﬁffﬂi @I'}ﬁnag"}?“’é’d‘ff’gﬂﬁ ag Hseq). the merer!@n
Cbs ua B0 it gﬁ blhad s oo aoe;mnc'ty
as wel | Bxsmplb tlerl'ﬁdnﬁﬁﬁﬁéui:tﬂf‘slnaekﬁibﬂuﬁg\’sub& jofd/ Be

suf fi ci aerovated dndieesaveddorsharggein inttizSeatures. Theesagt emiplo F;neattpnale in ma me
hydr ophd#ion a8 get farthrip Example, 8, The rewults weeees fadms:d a prot ease with one type of
spegizpicity. The substrate should al sTalslenEai n no der| vitized residues that

r’é"&ult in the nmask; f cer Leavage t he used substrates
such as henogl obi n-t-%gc tx%h@ (Cs ? e-m—iﬁdﬁ@gf- lmaq: etc., were 35
rejected on this bakatl69 BOVI ne c%el n, a7-eﬁ1!! '{Qerr] @h’&ﬂﬁs was chosen as a
sui t apl e substrat egerd189percent ymsein (glsvx BWO uthnxvm§ prepared in a 100
MM Tris buffer, pH8 O IO TTMEDTAThe assay protoco—Tsas- fol | ows: 790

[err] 50 vaTrls pH 8.2 100 [err] 1 m@ampreRy casein (Sigm) solution 40
10 [err]AltBlBBQnsemE c AGtYitP Oa mteﬁ} ubkhiats assay m xture was m xed and

al | oyed t oFg &] ) gutaﬁtsrfg *amploe | EEH@ wese agwﬁfweﬁowﬁ%@%wm '
termna bm

fol | O\A’e&?ﬁt){néd’ifaub?gdﬁye 6&5& ﬂ%%ntgﬂmfmeﬁ een eav e |e agifm%?;t od
protein Thsasu bsteite ehomtll diso mtatrfnof dﬁyﬁtliddn'esﬁdidst Erefyi thﬁH m age

superna sed pHbstsatesaucivasheplgiobinaazgcolingieh, za;asemdimuhvl éﬁhlin opt weed

f rej P gin, ] ital} éldlstl' teo
hydr o hﬁ g;ﬁ’&;?gmgf; a&asswg?r?gm;gm% s K SO 0N DT Fyenemy s o

by each mﬂsamtsqahm’lembasmas conpared to a series of standards containing
vari ous anUQMtlspuéentmeIMSmha)ypmqw ot ease and the activity is expressed as
a pefent pe act | vity. Enzyme activities

P T g frikupesis e
vvere COpyg % %}t’g} .-E f Mdempasatute fpy @ -s e
ac T Vit Yor ﬁsﬁg {gmﬁg }ﬁ? m" @xﬁ{% eo say.

Aérisity bf thl @upariatdnt %va tSrh'mVﬁ @an@f 'EW ty
on c 45 creflegtion of thy smoprit of @@m:mm-enwdmmmuasem Iml'heﬁa&inhﬁﬁ . The ahsunt6F

per cent “ﬁg‘f‘ V‘#grém‘? ﬁaﬁe"%ﬂ@dt peerh?hestmmtcoeﬂammn@rmdse
| east sP& & hetivity ! dﬁ%t ol ng o actl dvquﬂgt a?'%ﬁ%’ﬁ! '
C ai M5 bipthé 280°nrh BBsoRtaRc nsﬂmouui.e gﬁyh it 78

subt isb i si rAlief thermsutants whish \pére assefedphmd]w Ebﬁmic hdtiviy\éh @Eeuﬂﬁbﬁ‘tlﬁfwilﬁ with
posi ti oﬂ‘s exepptiensef st 16§ whichTwas-26 pertentmdss actiVe or- tabéin thén th Add typle) Fhktriutant
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