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The cel by fgt%y%g‘u«ng Eoggte‘go Y 4[+h\é ng mﬂéﬁm g -thbeoﬁgf & Y(?h& Se
-met hod descrl oW was a out e supernat ant was stored
frozen for future use. This descri bes t he t|o4¥\of ¢ de yeast .
honogenate. Six 130 niAM !k giele/mjp/mi qpEnzyp ’bl{a%ed in cellul ose
acetategdi-al ysis bags and di al yzed at [err] agar nst a out 8 liters of
distilled wodren 11.96tadectot bekay on a landasjeses peeppied 9ish kifows aliquotsafj Hyla sndidk sthed.
The 10 sotfhapgs in abpatbancs guiing thegxresimentabipieaplst ed of two types of solid. The
thin upper white | ayer was carefully r M f and di scarded. The bottom -
solid was brawa-cshtrdl QYpeRMEntY AareCdatiin At Whiffe BhCEINAS eihsbodguired\ 1d?QRd inQehtiGd

t he crySt atdfictoe regbrivedtion wasdntingicThadelioding Wakejdted in adess tubé hrelcmivet: er (about 10
tinmes the volcanel-qfﬂotrwecvslehq lm9P54h assay by the dye- per oxi dase net hod

descri bed bel q& # tivi y of 94 EU nL. The specific activity of
the al cohol 2 of protein. 15 A sanple of the solid
al cohol oxcmamsrmwmda A »uﬁia‘&agaéscrmbesﬁowqobomeam naftel dlulion) Glasadaedd

was obser vedontroth#t and 0:0) mrsdieeralvowl de gsnvn HEADHIN(1 lagojution} we$ added
el ect r ophotoeent '%BF‘T""F 'Q" '6%5“ ﬂé? H‘P%'F"l’f%" %Bﬁt‘ﬁgb% ARAndARHAE indigpted
wej ght i ndfBO%E- dBess Wete t "aheacken URLNA ©#2%800 3000

(e3ti maf%ed). This describes the preparation of pgd Are¥RAast al cohol oxi dase
from Pichia pastoris. The al cohol oxi dase—aetivity—For—+eaction with -
net hanol was det er mi nSandie/ t heRedstion fjmeox i Gudehezaolret Kytiohexanerse- buffer
m xture was prepared b"g lrra]#q ng 1q| ;‘5 5 ni. of an odr ani si dine solution (1.

wei ght gercent o-di-afedi e in watem) with 12°nl of aerated ©0: 1. M sodi‘um

"the dye-buffer mxture, 50 [err] of methanol, 10 [err] of a'_:peromdase
solution (1 my of horSsandarg d sh 1de@midase- Si d’ﬁ’& Type | 194 &g .
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[err] A Act sindetaipoldisaare §novimtoaihdergn nedctiony wilixidized ddfctos NADIP) in theyprepdncg ofhiorse 30
wher ei nel 1ABH tosgive keigpespr based on a standard curve prepared with known
aliquots of [err] and [err]A is the ché‘ﬁB@) n absor bance during the
experinental interval. Exanmgyaohexan@s TWo cewslohexpnageperiments were 1
carried out where one of the enzynes rggpgked for the inventive cofactor
regenergiion was omtted. The followi ng were placed in a test tube and
yxed: 0.2 mL of 10 nM cycl ohexanol in 0.05 M phosphate buffer (pH 8) 0.01
. of 2.5 mM NAD (1 ng/nL) 40 0.1 mg of 100 nmM acet al dehyde
ncentrated al cohol oxidase (AO purified as described above (0.01 nL of
1@ nmy/ nL solution) was added to control #1, and 0.01 nmL of horse liver

ol dehydrogenase (HL-ADH), (1 ng/nL solution) was added




both AO and.ADH as indi cated above. These were assayed by GC after the

i ndi cated reaction tinme had el a ' a % Sanpl e Reaction tine
Cy¢l ohexanol Cycl ohexanone S?ﬁdo 118 750 ‘B¢ Control #1 1 hr 45 nin |
100.-Cont r @n atiditional reactioriiprpmoted by ADHis: 70, 6 29. 4 St andard 1 !
hr 20 min 38.6 61. 4 MP®Mexanpl e indicates that :
cycl ohexanol under goes essenhdetsldeyydao T eactii on Ethandthe |iver al cohol (2

dehydr ogenase (control #1). In the pres RAag®) of al cohol dehydrogenase but.

al cohol -oxi dase, sonme conversion of cyclohexanol is observed after one hour
(control #2)Takqmpsﬁthesf g {1bepdd?) @@xgv

of aclassical qrsUpptrets "‘1’ Bt i on
ih o1 deemt e e rﬁgﬁ S S

to control #2. A third sanple (designated "standard") was m xed cont ai ni ng ‘

erates oxidized cofactor CshaWR ¢ equation {(2) above. This
(1) [el’ '] réfendrated NBB édn 1pkmotb tomiBrsioAnof aaliditibmad regdichexanalt fooeyciphexamine dintily thdDH

i s: [err] cowentatichsipf geimary reactlon product {Exciphenanone) and secondary reaction product (eth% %
P aI

NAX(P) Tak fgﬁgﬁ"““} T&“'a’fz,?;"@),‘: oo %293‘4?2@3 céﬁi"?%i?ﬁ 8
t wo- subst r, E.a Lors ok e.rsematrc EohJdhe
of cycl ohe,mmgo ﬂhoﬁMQ anone according to equatron (1 above 10

gener ates reduced cofactor, . NAD(P) H2. OReduced cofactor in the presence of
acet al dehyde and HL- ADH generaﬁ‘@”et‘h‘a‘nﬁ’l Agpteldeedoner at es oxi di zed cof¥ct or

NAD,  aszs ntiglly i ! S n ioh/oP ero
convers '0 0 rl3vlﬁh"ﬁ eau&z%ﬂlaeé éfi b 'ngnqg a3t S jﬁg ﬁi&aé Bﬁmﬂmk@gﬁﬁg Egﬁgﬂit?ons
concent r atof ﬂﬁﬁldﬂfyd@(viamaﬁdﬁon’ :BﬂSdUcmoﬁmﬁdlaﬁ be doatjriubadneoareaattaciomn dxidiesiderthaas y

r et i on pmdmvde(leada%w‘?% F?gu@agt;‘?:%wuwmébeifngmrmm@'n%gwamwdﬁ) "E.E
reactiog 8 B{

st andar d rgatg‘ft,@?f)gﬂ&g o p{}‘&s{z Rttt ﬁ%“"%t‘%séeﬁ%%“é coh ’*’SQ? §"°" d o

al cohol dehydr ogenase, reaction occurs consrderably faster. Fbre a
third enzymatic conversr on i s taking Pdamolel"thr s one in the presence of

al COhOI oxi dEedoeli fgp {reag E['( $,W¢e Fharged to a tess tubs -mixed Wgﬁ%@ed for GC analysis:

(3) 20 Thrs ﬂ%g dﬂ%’ é’g’?eﬂt?%i?q’k} irreversible so that the steady state
concentrati 0@0 AD31 H,brn{wal ly zero while a steady state
concentrati omo10ﬁLefoetsahv:beh9Hel mgmbRi nt ai ned. By rrar nt aini ng ef fective
concentgatro‘hbmbpfﬁ’@etﬂafme byge at ion 3 duced act or can be
cont i nddus| yAfE:g)' m t%ﬁm h’% wé}g é%h ‘B‘E’F%ﬁ“@éﬂ @ Tpet tubg egnients
reduced t o 6th via e Pon urn continuously provides
oxi di zed cof actor necessary for the desr redccwes sion illustrated by
equation 1. Thus, the ess%gltnb,@ln}ng ir loh e of equation 3.
al'l ows %ne to drrve an equliBriumr [ :
equation 1 in one direction amd thus in8éne to conﬁhetion Exanple 11l The
foll owi ng reagents were char ed to a tez& t ube, égg and sanmpl ed for GC
anal ysis: 30 0.2 nL of 'H1\/I cycl oh #nol in 0 M phosphate. buf f er
(pM8) .01 nL of 2.5 merAgg,(,,; my/ M) QeQ1 nL of hpese |iver A
0.1 nL of 100 nM acet al dehyde 35 After 15 mnutes; 0.01 rrL\of
concentrated (~10 ng/nl) al cbhol oxi das@8das added. 71Test tube- ¢ i
sanpled intermttently over sgver al hour§ for anal ysfais by (e GC Ar e
Sample®inme - Cycl ohexan Jr (o] ohexanone 0 )
18.4 10 mn. 60. Ahr.50min. - 3928 35 min. 87.8\7

57.9 1 hr. 28.3 ST T .
23 hr. 30 min. _ 100

55
A graph of GC peak area vs. hours of reaction gives a smooth, non-linear curve which indicates that
reaction is complete in 3—4 hours with a t} of about 45 minutes. Yield based on mM cyclohexanol charged
is about 78%, which indicates an NAD turnover of about 62.
This example demonstrates that the combination of alcohol oxidase, alcohol dehydrogenase and
60 acetaldehyde cause regeneratron of cofactor NAD in the presence of a reactive substrate such as
cyclohexanol and drive the primary reaction (cyclohexanol to cyclohexanone) to completion.

Example IV
A series of solutions were prepared with varying amounts of cyclohexanol, NAD, horse liver ADH AO
65 and acetaldehyde in a test tube. Total solution volume was brought to 0.33 mL with aerated potassium

H
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_ . : . 1 hr. 25 mn. 19. 3 80.7 1 hr. 50
n. 12. 2 L 87.8 23 hr. 30 min. . - ' 100 55 A
raph of GC peak area vs.” hours oOfg’ es a snooth, non-linear
urge whi ch indicates that - reactlgﬁ pﬁdo?r%?g? in 3-4 hours with a [err]
f Adout 451hmnhetedmﬁer\rtoe$u loasb@"cnamn’hs o iohubatad ddr 1c haur,gbeh assayeld iyt GG 881
i ch indi c‘%!?'%‘g"a{ﬁ . °l9f‘e"a't!RS‘8tf°"02"°"m‘ie§ta€4@&1m¥ﬂ9"@@ms!srfalioel@ t hat
tthe conbi nat i g6y Mt of3.e. §a|"8ase al cohol dehydrogenase and 60
cet al dehyde omsﬂafegenenmlnqynngf cofactor NAD in the presence of a
reactive subsvﬂ’ameomnoam/n&ycl ohexanol and drive the prinmary reaction
(cycl ohexa Io'g etjon, Exanple |V A series of
sol uti ons ?'@H'%%W“W&?‘?l'%ﬁ%ﬁb‘ﬁ?g °B1’“°C’9‘i?l"'8f?éi 4mg was Kptied fmpm taa

I'i ver AD#b, O 65 and acet al dehyde in a test tube. ], 550! Uti on vol ume was
brought to 0.33 mgtiddvaagiat ed potassi um 6 ¢cogoRd: v

buftfer (0.05 M H—-S)—NA—s-a-n@—es—weLe-qﬂeu-bat-eéa—Ler—L—hg-u-p—L-hen assayed
by GC for cycl oheﬂanml(wmwppbaemMe and cycl ohexanone fornetion. The

st andar disr eagent x was as follows: 0.2 nL of %rg mM cycl ohexanol 0.01 niL

of 2.5 "M NAD 5 ™M°"( 001 nL of HL-ADH (10 ngPht) 0.01 nL ¥ AO (10 ny/nl)
0.01 m. of 1 M acejogé dehyde In each of the fol lzgw ng experlgqapts the '

concentration of one reagent at a tinme was varied fromthat specified
above: 14 0.05 mL (100 mM) cyclohexanol 65.8 34.2 GC

Area % Sol ution V ryl ohexanol Q/cl ohexanone
0.4 . (10 m) ey 190 i ovclonexancl o ik b 1

No 0.2 mL {100 mM) cyclohexanol - 39. 3902 0. 7 None

8.7 % 61.3 20 0.05 nL (100 mV) cycl ohexanol

5.8 013k MADY 1 ni (100 mM) cycl oh&%4nol 528 80.6

9A 0.2 nL (100 miyly; X GQRByanol - 9932 75.7 9.8 25

.1 nmL NAD 47. 1 52.9 0.01 nL
L- ADH 0.001 mL AO 24. 3 56.6 75.7 0 &1 nL AO

6.6 4 30 1 mL acet al dehyd 83.3
6.7 0.05 nL acet & ge’ﬂbﬁ“é‘“’""y" e"i 0 187 g5.0 35 It

an be seen from iolps pigGbdisdenpfe t hese data t hat 1b@st resul t sggy e obt ai ned
ith Ies; t han 0. 4&—~F—ef—2—5—+M-MNAB—abett—8—08+——each—of—H—ABH and AO
(jbot h 10 g/ nt-éan%@geéarﬂ%ﬂ; |ﬁ§pe¢§tﬂaﬁ-9f thesd Udta Wat Bdst rbsuis 3o DbRInBERNIBss thdh 0.01 mL of
anpl e V Agai NADboi 0100 mE SachRf KL-CADH dnd AOQHth {0inghal)ahdigresterttiem obT acC bf 10
rleagent vamecegaidebydei n t he i nventi-ve cof actor regeneration schene. The
tandard reagent mx was as follows: Ogd yof 100 nM cycl ohexanol 0.01 nlL
af 2.5 1 NADAdHfional studiedvebslcattied 6t td Hetefhie thi.effdgr ofiiehgeft vaRdaiofin titfinvéd@ive ddlactor
ng/ mL) 0. Otegeteration schiineJbe sthntlatrermertanix wasoedelioves \/, one reagent at a time
Was vari ed, r%ﬁ@w %"V' hexpredi out for 1 hour in a total volunme of 0.3 ni

0k65 M aer at l}gmhate buffer, pH 8.0 added as needed). 50 55
0.005 mL of AO (10 mg/mL)

0.01 mL of 1 M acetaldehyde
As in Example V, one reagent at a time was varied, reaction was carried out for 1 hour in a total volume of
0.3 mL (0.05 M aerated potassium phosphate buffer, pH 8.0 added as needed).




EP 0 118 750 B1.GC Area % Sol ution Vari ant Cycl ohexanol
Cycl ohexanone a) Cycltohexanol (100 mV: 0..01 niL

38..7 . .61.3 0.05 nL B 82.9

1781 0.1 niL EP 0118 7-58“4.%‘| 15.3 0.2 nL
90.\9: 9.1 10 b) NAD (2 5 @ Are®%00Q]1 i

87.5 : 1Shh_ﬁioﬁ)v5}&5t mL : : Cyclohexanol Cyclohgxpngne

15.1 15 ) ADH T T/ e 0 00T .

91.4 s @F%c QUB' (PO miad: 387 64 7

15.3 0 O:OSI'I'IL 96. 4829 . 173. 6 20 .

d) AO (10 ng/nL) O oi1mL 84.7 .91.7 153 8.3

These results indicat@nthat conversion of cycl®®fexanol is €lrongly _
dependeat on the C@&c r} atg)ﬁon of - al cohol dehydrogenase. In addition, the
reaction is rel ati ‘\%}h Sitive to the conggptration ofj2gxi-di zed 25 _
cof actor, NAD, since gl m;;of actor is continuowssby being reslieni shed by the
inventive regeneration schene. Exanple VI Additional studies were carried
out to gleternine t#dlefPEitmgmll ong sanple |n%h18at| on periqgds (18-24 hrs.)

as well as reagent c 519?? rat| on variation ingghe inventivgscofactor

regeneration schene. He . standard reagent ggux used was3ss follows: 0.1
L of 100 nmM cycl ohexanol 0 005 nmL of 2.5 mM NAD 0.01 nL of HL-ADH (1

ng/ m.) .01 nL of AGQQAOmgipLlihl) 35 0.01 m 2f 1 M acet% dehyde. As

above, one or nore_réagents at a t| ne vLe var9| d frnmfhp mndard val ues

i ndi cated. Al sol ut| onst wer e ht to onwe wﬁﬁgg eoq
pMSS' um Phaggﬁg drogenase Fﬁ xi?d Uﬁ:@ |s re Vely ;J‘%f nyhe ncentrﬁﬂw ized

SO' uti ng E!AD since the cofactor is continuously being replen ve rege @&tﬁéﬂ-ﬁd‘lone .
None v 49 7 50. 3
2 0. 01 ycl ohexanol Examp'e 77.6
d ied outio ect of long sample incubation.periods (18—24
: 45 3 - d"ﬂgnﬂ sEerBhn coﬁlﬁéellntr otn} vgga inventive cofactor regeIZ’aégp §cheme The
78.4 4 sta sed was as follows:
47.7 50 01m'50f100 {dfdRanol N 82.9 - -
17.1 6 O)QDBmﬂ_om:Blzm*w\D ; 'L) - 79. 2
20.8 7 — mg/m : 88.1 .
(10, pag/mL)
11.9 5 B& g‘fm &Qldehyde g ' 39.1
60. 9 9 IQ e/ brie or more reagents at a time were varied from the standard values indi&tdd Al solutions
7.1 60 wereliffought 10.aQ6ta1 afrl).3 ant ontith lacketey darassium phosphate buffer (0.05 M; pH 8.5). 84. 6
15.4 11 0 nL acet al dehyde 4.2

15.8 65 8 EP 0 118 750 BL These resul ts indi cate that®3P2 Pong

i ncubat®? on ey HdsSolutiprVaratlent i ve cof act or r egeneF¥Hahginelc hefysighgxanone .
rel atively insensijjye to NAD concentration (compareggntries 1 yggg 4 and 2
vs. 3, corresponding to a 10-fold variation) and AO concentration (conpare
entries 1 and 8). 4.07 mickgtibheashol i t | s denpnstrated th2a reacti on7psoceeds
pobﬂy‘Fn t he absence of NAD, ADH AO, or acetal dehyde (See entries 5, 7,

9, and 11.). & i LHoeterrcighexinebd 00U MP t he absence?'dt acet al ddffide sone

primary produgt ( Co/doh gmu_@none) is pro_duced from 52.3 477
50 . § . 0mLNAD P 82.9 171
6  0001mLADH . - 12 208
7 OmLADH - . o sea 1.9
® 8  0001mLAD o R -_:.""=a_,__39.1 60.9
9 OmLAO T e 7.1
60 10 0.001 mL acetaldehyde :'-:_ _ : ..84.6 154
11 0 mL acetaldehyde N i 842 15.8
65
8




ycl ohexanol (see entry 11). The likely explanation for this is the
bservation that sone of our reagents (NAD and ADH) are contam nated with
races of ethanol .. These catal ytj ag@q enough to support the
et\:.ycl e schene which is the subj E?t ho! lﬁk;ﬁs) §§p| i cation. Further support
of_i hi s i nt ahgseedsaits indicateshdt tur fodg incdbatianveriods Sh@ingantive Lofagtbrarpgenerptidngchemeis

hat in t hesladyansensitive joNAD Ronqonteasian (spmesemanirion & My, And 2 P sppresnopding to g d0-fold
hane) R P SR R i, A S
vah! il e aldety@el Ipko

+ eagent g V\ﬁ\ﬁﬁe bbdhce ofS kéhe prmaty [broda@ l(@kIoRbxa@hé)SS iptudugel amphat e
buf fer (0. &iohdxaquiH(s89 entry 11). TheQiké explanation FéAnisis thetabsanvatidrOthatsome obour Gea@en®s |\)
of

_ _ af
0.5 nlL hor 8¥ADiang APH)areeontamingtet with iepemefsthanel] Thesesataly nts aggnough tpupp
1 M acet al Hep heme, yyhich s ¢ %i"gg%m' '?P'Eggﬁmﬁ%ﬁeﬂ%g’:giﬂﬂs R%@Zt,a ':d‘r'sgfl (mé'd
D . ri and 10 where if is seen in the te Gl es\0 tal (and by lirffra,
as descygd bgdado ‘jﬁmgﬁynqh Seccegiehgﬁ,g_ ved oxygen probe, connected to an
el ectronic signal differentiator, WaSEPJ"I%fe d in the above 20 prepared
- polution. The, relat. decrensatng (i Sshill beleroXygen | evel (ADO was.
‘[roni t.ored upgﬁggﬁﬁ: d%%éﬁgu‘:gpﬂosmwﬁuﬁa.(ﬁomﬂﬂmol uti ons of several
Al cohol g, Addbd mhl of BAD Isolution (10 mg/mL or 0.028\XD 25 _ .
"h-penten-1-0l05mL hgrs;liver-a}go:dl dehydrogenasesplutiandPigma-1 mg/ml) " Yes
O 4L of 1 et . :
E-' buten-1, 4-. 1cﬂ‘ :f satu::;eda algozgegxigége (3:16)”-5/\31“'.,' &é& d as described in example I ©S )
- §-bronoet hg so;ara oxygen probe, connected to an electronic sighalydifféiéhtiator, was placed in the above
2- but gpobrepared solution. The relative détecasd i6 distolved oxygerabe! (ADSyas owpitored upoi addition of
terti ar yo.amylof 25 vt blutions of sevek alcehotsi ar y but anol " No 45 1

4- but anedi ol _ Yeg c‘kllcgﬂﬁxanol ADO Yes * Met hanol
oa¥am nation of reagent cheid&x ' say to be conpl et ed.

[his exanple illustrates thaupehen-i-siventi ve cof actor regeneration schene
WL opésr ate with horse liver al cohol dehydrogen@se on a variety of al cohol
ubstrates. 55 Exanple VIII ?ﬁ%“ef"éﬂ oW ng reagent & wer e placed in a 4 nL
duvette: 2 nL 0.2 M sorbitol 3@udn-fhdepr bi t ol dehwds ogenase (0.5 ng/nL) so
4.1 nmL-NAD (0.01 M 0.1 nL yeast al cohol dehydrogenase (2 ng/nL) 0.1 niL
dcet al ddhyde (0.01 M Al re&pewe-gohere di ssol vede#n 0.05 M aer at ed
p‘otas'si--um phosphat e buffer -(QH 6.5). pptical density was nonitored at 340
I

e

< ] O

(n

nm whi.ch is a neasure of the PEMeE P'F(_’at'l on of NADH. NAD does not absorb
i ght at 65 340 nm After abgiytiddtO m nutes, the optical density began to
increas& indicating the conversion of NADto 9 - EP 0 118750 Bl NADHZ.
After an additional 5-7 m nuRdytapdd el apsed, 0. 0%l of concentrat ed (10
mg/ mL) al cohol oxidase sol ut iing\l%grogm@dded to theacuvette. There was an
initial perturbation in optical density due to the added AO absorbance, and
Within #@ mnute or so, the opsopoph adeiesi ty dropped to a nom nal |evel and
remai ned unchanged for about 12 minutes when it syddenly began to increase
. and.reached a new steady | evdttiary eyl alepolit 10 ninlites. At this point, the
cuvette was opened and agit atggad pusdoper ate the sgyution, at which tinme the
opiN-tal 4density rapidly returned to baseline value indicating NAD was =~
predom nantly in oxidized fonmbutahedigt several ni nN®es (dependi ng on how
wel | the cuvetted had been aer:i\thedJ | t he optical nsity again suddenly
increased until the sanpl e wE* 8} ated again, This exanple illustrates
rried Lot W th

that theeconversi on of _sqQrbitol to fructpse gan

: b
cofactor 10 Metageheantamingtion 9f reagent ghemicals did ngp a 8\"’@8%5?° SxSoREE 21 cohol
dehydr ogenas eThi?&%&nale qﬁ@’a@% tl(ap{he %mopwactoaﬂgeneration scheme wili operate with horse liver

alcohol dehydrogenase on a variety of alcohol substrates.

55
Example VIH

The following reagents were placed in a 4 mL cuvette:
2 mL 0.2 M sorbitol
0.1 mL sorbitol dehydrogenase (0.5 mg/mL)
60 0.1 mL NAD (0.01 M)
0.1 mL yeast aicohol dehydrogenase (2 mg/mL)}
0.1 mL acetaldehyde (0.01 M) ) ] ]
All reagents were dissolved in 0.05 M aerated potassium phosphate buffer (pH 6.5). Optical densn?y_ was
monitored at 340 nm which is a measure of the concentration of NADH. NAD does not at?sorb light at
65 340 nm. After about 10 minutes, the optical density began to increase, indicating the conversion of NAD to




oxygen as shown in the followi ng cyclic reaction schenme: 15/ [ERR] The
conversion of one nol ecul e of sorbitol to fructose transforns a nol ecul e of

NAD to a nol ecule of [err]. f catalytic anounts of
apet al dehyde (or et hanol ) and a#?oﬂpﬁ‘@zﬁgdpggenase 25 [err] is oxidized

t 0- NAD, NADHEA#RRaObdditBng) 604 thiriitks hddetapeéd)AoMhL bfTomreifivatydi(€lmg/mLE dvohgl bidaac e
of al cohmlummmd@ndthew Twsnmwam,eetlmmrrymw dtfm%dvaltqum d AQ

I d
cont | nuoﬂ§3°fbé§‘§ abou a m:s when |t s enlgﬁge (] mg(gan‘?gnuBream %gd F:\(:ﬂ Por
[err]s.i Sodakl m.ﬂ‘h&sem ShtHe tdets QAN th Foabth evaetia tidrbat rcn

t he sequeieGpticabdeasify rid‘tﬂﬂreﬁrbﬁtlﬁ: baEera nsaa .hakaa NAD waY pr&jpaiinanthsia ekndequoqarped
with a rmger@temal stmutqsr( ertvmg anctoworetit vetfed haqlaee[' @enetedlpte gpticaldensityjaghin 4. 2

my NAD, & ul Plg wag ferpe 05 M
g| yCI ne %L eéi.z\:;;E‘ gm :t:cse heﬁgﬁg Jjﬁjt:ét nal é&a‘g?{ol ?o Hra erogseéan carneg out mfh co f?cpor
fo h@klgsn as/¥hewn aﬁsaao RY/ eyt Sedctich dche romat ogr aphy GL ) wr t

caprol actone as internal standard on a 1/8 inch x 6 foot K20M (6% on Tefl on

35/ 60) col urexditékrr] isother ry littl sion (<10 0
y- but ys ol act one was Nndi cat e 35 A sr m Yar reac on char e was
prepared using the sa uan |t|es of n 1, 4-di ol nd ADH. y
I nstead of FMN, 100 [ !C’]Hof concentr A (10 ng/ ) ancf O [err] of
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