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i. ,lnliréduct'ion »

" _!rge usefulness of immobilized enzymes in analysis
has been'recently recognized. Lactate: ‘dehydrogenase
? 'lyacrylannde gel was successfully

.unné and serum: [2] “The advantages

» 'of these metﬁods consist of the facts that immobilized

enzymes can be used repeatedly or continuously aad
. that'the pmducts of the enzyme reactions are casily
" separated from the enzyme catalysts. Furthenzo e,

* immabilized enz; ves combined with appropriat..
analyzer(s} promise to extend their applications {or
reagentless and automatic analyses. For exampie, Up-
dike et al. have ‘ombined an electrochemical proce-
cure with imm »bilized glucose oxidase and success-
l'ully applied t. - L cnzyme elcctrodc for assay. of -

ed **#stem and then utlhzation for assay

~dure for

, genase) is also emnnned

ofL- Ty 0phzm 'The most common analytical_ proce- o

acid In'nebutinol.

followed by oxidation with nitrite [5]. In eompaxison
with tryptophan, ho wever, indole is convemently

Ty :
the Stoichjomelric eonversinn of tryptophan to indolse,‘-*
pyruvate and ammonia i?] ‘Hence, Watanabe and.

© Smei uetermined a. :hght amourit of tryploprmt after

converting it to indole with soluble ttyptoprnnue
[8]. Application’ of immobmzed Aryptophanase would
provide a more. convement and econo:mal method
for assay of tryptophan. Since tryptophanase activity
can be assayed spectrophotometrically by measuring
pyruvate formatlon by use of a coupled system con-
taining reduced nicotinamide-adenine dinucleotide
and lactate dehydrogenase [9], a procedure for de-
termination of tryptophan using immobilized a mul-
tienzymio system (trypt: .)phnnasc and Iactate -;h:l’xg.’c:lnc:w
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2 2. Jmmobﬂzzed ﬂ'yprop}zanase '

T:ryptopmnﬂaﬂe WS, prepareﬂ aee;ommu io ﬂae
meihod of Kagamlyama et al. from £ coii, Bi1t 7=-A
{101 This strain was kindly donated by Dr H. Waﬁﬁ
and Dr Y. M@rmo, {saka University’ Schoz)‘i of Merj]-
cing; The: specific activity of the enzyme osed was
abou; & enzymic units/mg protein. Althongh the
'{:Guang of txypmphanase to Sepharosz-bound nyndn-

this study smp]oyeﬂ direct binding of the enzyme to -
CNBr-activated Sepharose: Activated Sepharose 4B
{10 ml) was mixed with 40 mg of tryptophanase dis- |
solved in 5.0 md of 0.1 M K-phosphate buffer {pH
7.0). The mixiure was gently ag}ta’ted for 24 hrat-
'4°C. By ihis treatment, about 80% of the initial
amount of protein was immobilized on Sepharose.
‘Immobilized irygmph;mase thus obidined exhibited .
the &pﬂ&lﬂt activity of about 3.8 unitsfml Sepharose.
The immobilized enzyme prgparatmn when nsed in
continhous enzyme Teactions during 5 days at 37°C,
showed only 2 slight decrease (appm-x- 3560 1311}343 e
,zyma‘cuﬂ :aa:hwty ﬁﬂ ar t}m pazﬂod

2 3 }mm@bﬂzzmmﬂ oj’ by pmp}mmse mzd ﬂacmte
' dehydrogenase-voupled .Sysnzm
Lactate dehydrogenase (5.0 mg, 75 umts ) and
tryptophanase (5.0 mg, 20 uniis) wers mixed in O. 1
“ml of 0.1 M K-pho phate buffer, pil 7.0. Immobili--
zatmn was carried oui as descrived zbove with 2.5 ml

of CNBr-activated Sephatose. About &60% of total prn- L

mem used initially was immobilized. The immobilized .
: wanzyme preparalion thus obtained yahlbxied botk
tryplophanase activity €. 80 units/ml Sepharose) and
-lzctate dehydrogenase activity (6.4 nnits/m} Sephamse)
- The lactate dehydrogenase activity was assayed as
deseribed by Komberg f12). These activities of the -
mmokilized multienzyme system were searcely de-

, e;aased after the acontmnmzs :reacimns dnnn 4 3 daya
: penod ot 37°C- 7 '

;2 4 Pm»cedure S
- De ermma‘rmn o LtI)'PIDphﬂn &5 mdole using _
fmnnobilized trypmphanase was carried ot as follows:
'_Sep‘:ams&bvml& tryptophanase {2.5 ml) was placed

ﬂuto a‘small columui (8_0 ERIR mameter) jacketted for
5 tempe:aime ncmiml (3’? C) Afte;r the column Was -

_;washed wlt D
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' "",.talmng 40 ;,Lw_l Dy'idm;a! 5 -phosphate D 3 m] o ﬁ‘E i
- sample smlutmn containing 3 16 40 nmoles of try pxo- :
- phan in the same buffer was kept in the columsn for
SRR L€ 2 mm and ihen s:}mi:ﬁ Ffrom the m]umn by washl
 with 6 mi of the seme ’buffer. A molar extinction -
' «t:oe!ﬁuent 5.25 % 10° M1 em™

at 280.5 nm {in  ' _
0.3 N NaDH), was us%‘ﬂ for 'the {'stunaitmn of irynm- .

- phan. Indole: *‘D:med was EXLl':aEiEﬁ from the cora- -

xa2's -phosphaie, | f@}]ow»sd by reﬁutimn Wlﬂ'l MaBHy, - . bined eluate with 3..13 i of tolu*:rte and the oolor svas '

yields the most active imrnobilized tryptophanass [11),

developed by adding the equal volume of a freshly
mixed acid—Ehslich :reagem: Afier 20 min, *hﬁ color

‘intensity was read at 570 nm. -

Determination of Lrypiophan hy. use of i immo-
bilized tryptophanase and laciate. dehydrogenase-
'L’Dup}fm sysiem was carried put as fellows: S‘.pham.se-

- bound multienzyme sysiern (2.5 ml) was used as -
- described above. The colnmn was washed throughly

with the elution buffer consisting of £.1 M K-phos-
phate buifer {p1 8.0}, 10 uM pyridoxal 5"-phosphare
and 30 uM NADH, Afier the abso:r%omx;e at 340 nm
owing to HADH io elnate reached a cms&am lavel, -
2.0 ml of the sample solntion containing 5 to.40 -
amoles of iryptaphan in the same buffer was zpplied
onto the colummn, kept for 10 min, and then eluied

“with the elntion buffer. This ekition procedure was -

continped until the absorbance &t 340 nin of sach
eluate fraction {2 ml) was restored again to the initial
constant level. The degree of decrease in the absor-
bance at 249 nm Trom the iniiial level in cach fraction -

" was summed up and the total arnonm of NADH de-

creased was caleuiate - A maclar eximcnnn cﬂefﬁcaem )
6.22 X 10° M7 om™? was meﬂ for NADH -

3; Results ard discnssion

 The stéi_biﬁfty of the-immobitzed tryplophanase o1 -

immobilized iryptophanase and lagtatg d;ehydrégenasm'
 coupled system during the coatinnous reastion as de-

scribed in-Methods satisfied initial requiresments f o: '

| the amlynta apphcanen of these immobilized en-

zymes. As As shown in fig. 1, ihe salibration curve of iry—'

L ptophan treaied with the immobilized trypfonhaﬁase .

- colnznn was zlimost identical with that o free mdo]e,
- wyhen. amﬂ—Ehﬂ}ch Teagent was nsed, Since irdole i is.
".';more sensitive than ifyptcphdn toward ihe reagent

. 16, =and mﬂme is for:me& sper:;ﬁcaﬂy from L—*'y;)-

1 x,g K—phﬁsphd» uffeI {pﬂ 3 ()) Coﬂ._. '?,—_tophan 'bv ‘trﬁpicp}mﬂzﬂe re;cnon. I}zn meihca:i usmg
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~of fred indole [2) and of trypiophan after CORVErSion 1w tryprophan applied to immobilized ir,.’[pmph;mate m}ﬂ

_nduleuﬁ:l Immebilized. tr}'p}uphﬂnasc ia} L S Frem e Iaciade ﬁﬁhyﬁTDSBMS&CDuPSEd sFswem.
_mobﬂmed irypmph;mase is r,onsﬂsred 10 bea ‘:_.R'eﬂﬂzz;rx%:'mi Gl
) spemj o as wel] as nonvemem assa) methoﬂ for btryp . S ' ' .
Jtophan: ¢ ‘ R Hicks, G ¥ a’nd Dpd:ke,s L [3955, Aml. cn.em, 38,
Moremer, the ammmi of trypmphan appheﬁ m a - el 7SS 730, R
e —‘_P] R..E:ELE “and Ka't-thals_-u,E :{1964) J. ZBml. Charm. L

“golumn of unmomlh ed tryptopn:ma"se and Ia v;:lale S

dehyirope led svst al = PRI 1239, 15211524, :
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