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Production of 5-Nucleotides by Autodegradation of Intracellular
Ribonucleic Acid of Yeast

(1) Influence of Borate and Surfactants on the Excretion
wed T TR of 5’-Nucleotides by a Strain of- Candida utilis .-
* Kazuaki Kitano, Shun-ichi Akiyama and Hideo Fukuda*

(Takasago Plant, Takeda Chemical Industnw, Lid, Takasago cxty, yﬁgmken, Japan | ‘ )
*Research and Development Division, Takeda Chemical Industries, Ltd., Osaka Japan)" v

 The conditions of the excretion of 5/-nucleotides due to the “degradation of endogenous

ribonucleic acid (RNA) of a strain of Candida utilis were studied. It was found 5-
nucleotides scarcely excreted by this organism when its intact cells were incubated in a buffer
solution with acetate, phosphte or glycine as a buffer “with various' values of pH. It was
also found that 5-nucleotides were excreted by the organism when incubated in a glycine
“buffer containing a certain surfactant with an alkaline pH. Surfactants useful for this activity
were common cationics and nonionics having ether bonds. But under these conditions, the

 yield of 5-nucleotides was not enough. On the other hand, borate buffers were found to be
very useful for the excretion of 5%-nucleotides without adding any surfactant. Moreover, an

. addition of a surfactant under the presence of borate buffers worked out a complete degenera-
tion of endogenous RNA into 5'-nucleotides and all the 5/-nucleotides formed were excreted
outside the intact cells.

" The optimum condmons for the 5’-nucleotides excretlon by the mmct cells when mcubaaed, :
at 33°C for 4 to 6 hrs., were as follows: . : o

i 7

| g 1 optlmumpH ‘ o 100~103
’2) boric acid or borate v 01~0%M,_"" n
3) “surfactant concentration” "\ ' 5~10% to dry cells. T "

- Under these conditions, the ‘aiitolysis occurred specifically i in endogenous RNA and other oell'
.. components with a high molecular wexght were remamed substantxally _unchanged. Cweid
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i Table 1. Medium composition for yeast culture.> >
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4. SDFHE BAPREGEOSHERIGH
ZELSBELTHE LN EED 260mp 1B 3TE
B 53Ry, ARTAEYERSED 10% BiBEE

RAMA, & CrBEhE L ko 260mp I

FAENEAUELTERE L. EASRIIGEDSY
WRBBAEBEE 1N & &4 V—&BHEHDT 37C
18R AT 2 & ST 2B BREED 260 mp
BV § 2 5WEHED 260 mp BROFETRD 7.

B EKO RNA £i3 Schmidt, Thannhauser
and Schneider OFHEIC X DRD 1=,
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B-% 7 UFF FARICHTE e 2l —-nOEEBE . |
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W Fig. 1. Effects of n-butanol and 2

3456789101 -cationic surfactant F»-50 on the

3456789101

3456789101

. PH : " -excretion of U.V.-absorbing sub-
(:L ?) f’) o ¢) stances and 5-nucleotides.
e - P Yeast cells were incubated for
=z 1 ] 4 hr at 33°C in the 0.25M buffer
2 40 __solution of various pH.
] " .pH 3~5: acetate buffer’
® 1 " pH 6~7: phosphate buffer .
s 204 - . “ . - pH 9~11: glycine buffer
p ] ] 4 F;-50 Alkyl dimethyl benzyl
= .. ammonium chloride. .
345678910il 34567891011 3456789101} -
Table 2. Effects of various surfactants on thé"'éiqretibh" of 5’-nucleotides.” -
- Concentration of surfactant: 0.3%
Commercial 5-Nucleotides | Yield
name Component - formed - AB)
Cationic Cation AB Trimethyl octadecyl ammonium chloride 705 pg/ml 25%
Cation BB Trimethyl dodecyl ammonium chloride 1757 61
Cation PB-40 | Trimethyl hexadecyl ammonium chloride 1713 60
{ “Cation Fz-50 _Alkyl dimethyl benzyl ammonium chloride. | .. 1662 . b8 -
~ Anstex N-100 Polyoxyethylene fatty amine - 1756 - 61
Sepanol L ‘Alkyl hetero cyclic oompound T 1693 . | 59
"CTAB Cetyl trimethyl ammonium bromxde ; o 1790 ' 63
Anionic antolex L-100 | Sodium alkylaryl sulfonate; .. ; 820 ‘_-,11;';;
. Newlex C-1 | Sodium alkylaryl sulfonate -
Rapizol B-30 " | Alkylester sulfonate of dxbasxc e
Nonion HS-210 ‘Polyoxy ethylene alkyl phenol ether
Nonion L-4 . | Poly ethylene glycol monolaurate

. Nonion S-4 . .

. Poly ethylene glycol monostearate
) Poly etbylene glycol monoolea
Sorbmm trioleate = - :
: Polyoxy ethylene sorbxtan monolauratev
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- Yield of 5-nucleotides

12 x4 T T T T

05 _
z-so conccmronon (%)

F’Sf 2 Eﬁect of concentmt:on of the surfactnnt
“‘~_bthe &xcrenon of 5'-nucleotxd :
"Yeast cells were mcubated for hra 33°C in.
025M glycme-NaOH ’Duﬁer (pH 98)

10

2. AOBED F-XIUEF l‘ﬁ}iﬁiﬁﬁb%
A. BREBROHROEE RICKEBRKOMKROEE

BT, BEHDOFO HDEONTI, KEH0%

Hed V=~ T pH 8.5~9.0 IIELE. BOIL

| R4 Table 3 KRLI 7Y ¥ Y BEECIEAE

EHEAERMNUSOEAIE §-x 2 VvEF FizbT

HULDERINLE LS ORYL, hUBEDA - =
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Table 3. Effects of vanous buffers on the excretion
of §’-nucleotides. )

5’-Nucleotides formed

 Buffer | Conc.
. butter | Cenc. | CTAB 0.1%
B D | None added
TS M pg/ml] ﬂg/ml
Glycine-NaOH 0.25 |.411 | 1612
0.25 | 1804 2247
H;BOs-NaOH { 0.125 | 442 2004
NaBO-NaoH ({008 | 1708 | 200
Na;B/O-Na:COs { 008 | 1008 o003
. KH,PO-NaOH * | 0.125| 0 | 459
NaHCO;-Na:COs 0.25 0 294
NaCl-NaOH - 0.20 | 210 |- .635
. Na;HPO(-NaOH 0.10 251 * 029
Citric Acid-NaOH'| 0.25 | 150" | 265 -

Yeast cells were mcubatedm each buffer with or

~:without adding CTAB for 4 hr at 33°C..
REA pH ‘was adjusted to pH 8.5~9.0 with 30% NaOH
A7 solutlon dunng the mcubatxon :

¢¢%WA%®E§¢ﬁﬁﬁ%  ROREOE

itk ROERE ORI A Y DIERRO»E
;manmm EHA I RMCOYOTBREEALAS
.. TORERIT Table 4 !C;r*g*iﬁbr fi;{,‘ﬁrp:j- U
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" Table 4. Effects of various boron compounds on the excretion of 5’-nucleotides. .

Relative productivity

Compound. . - Formula |
S o -01M 025 M
Boric acid H:BOs = - - 70 - 100
Borax Na:B.O7-10H:O 98 _ 32
Potassium tetraborater K:BO7-5H:0 - 95 .28
Boric anhydride B:0s 103 95
Sodium metaborate ) NaBO;-4H.0O : 106 64
Borontrifluoride ethercomplex BF3(C.Hs):0 12 8
Sodium tetrafluoro borate NaBF, - C10 8
Triphenyl borate (CsH:0):B 12 18

The ratios were normalized to make the productivity in the case of 0.25M boric acid equal
to 100. : .

(Fig. 8), FUEH5-% 7 LA F FOERICE $7->T

3. AOBEEETTO §-XJUAF ESmickt

TEREmEEADER

A. REEUHAOEBEEINWMEESR HwYREE
EFTO 5~% 7 VA F Faiicst UT b REEEH
DHENBD ONIDT, COXETTOREEHH
DML BEDEOBRABERN Lie. TORKRY
) v UBEROBALERIC, B4 A VBXUZ~TF
NEIEA & v REEMRISES TEERN RNA (3100
BIGEVIXERT 5-% 7 VA F FEAR I WER
X7z (Table 5). o

B. SERLXEORY - o¥IT, xVBEELT
F o (HsBOs) 2EALIBAED 5-R7VAFF
HERSBICHOOTHRE U, E@ER pHiZ 0.25M
FUBAERLES pH 10.0~10.3 fHETH 528

pH RETT2EEMSED ohie. £ CTRIERRE
ETNAYERIRLODO—EIR- BA0EF pH
ERpBL pH 8.8 ETH>7. . ;

FUBOBEL Fig. 4 IKRTESIC, 0.2M BT
TRINRIZEF U, %, ZORUBED —H%

| NaCl TE&HITHRRETHZ >N, LichisT
. AWETHTIEDE B DICBELTRUERA 4 VBE

12 0.2M LIET 2 &b -7, B8, RES -
HHOBBIC L > TCORBFRBFTVEMLED o 1o
REEtFoEZERS, %@Eﬁﬁib@@%ﬁ&ﬁ
B2 EIAN D 5~10% TdH - 7=
CNSOERICHEOLNEESIC, FyBRERBMT
d 5'-X 7 LA F FODBICEREND B4, WRRE

Table 5. Additional ‘effects of éurfactants on the éxcrgt_ién of 5-nucleotides using borate buffer.

.Concentration of'tsur.facta:ng: 0.3% .
Form |- Commercial name | Component - 5,};‘;‘{;’;’51&
Cationic . CTAB S - Cetyl trimethyl ammonium bromide 94.2%
: .. Anstex N-100 . - Polyoxy ethylene fattyamine 920.7 .
Sepanol 7+ i« Alkyl hetero ,cyc}_ic‘ compounds 93.0
Naimi in F-215 ~ Polyoxy ethylesie alkyl amine » 960 L
““:Anionic Sinfolex L-100 ~~ | - - Laury! alcohol sulfate (Na-salt) 69.5
Newlex C-1 " Sodium-alkyl aryl sulfonate .. 73.5 °
Nonionic | = Nonion HS-210 ‘ Polyhydroxy ‘ethylene alkyl pheno_l ether ' 199.3
’ : Nonion L-4 " Polyoxy ethylene glyool monolaurate °76.5 - R
' ‘Nonion OP-85R o Sorbltan trlolﬁate ’ 63.5 .
None . o 60.5

e :'_Yeast (;ells wére ir}cubated for_ 4 hr at 33°C m 025M borate buffer(pH 98

NI I -Electronic Library Service
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REGHAZRNLBE LR LBETS3. (LibL,

FYRIEAEET CREREAZFRASEGEEEN

Yield of 5'~nucleotides (%)

80 95 100 105 (.0
pH of borate butfer (0.25M)

Fig; 3. Optimum pH of borate buffer on the ex- ‘_

cretion of 5’-nucleotides.

Yeast cells were incubated for 4 hr at 33°C in
0.25M borate buffer of various pH w1th or
without addmg CTAB (0 3%). o

1004

 Yield ot 5'-nucleotides (%)

cretion of 5 ~nucleot1des
v '_:_Yeast cells ‘were in :
" Tation of borate buffer; adju%tmg the" PH to 8.
" with 30% NaOH. e

RNA RZZERMIC -2 7 l/i‘?" F& D'Cﬁ}é%

ntz. : {
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. BIARREAZSHBSNTOEL. SEHE Do-
Cwex-l (FBED A5470< 057 4~THlEL

$e& T3, Fig. 6 CRTELS CERMIZIZEA L 5

L RIVAFFOBTRIVAFF - =) VB, =Y
B, BLUAVIRIVIFFRERAED ORI,

Pl o, REHTIREEKA RNA 125~ 2

VA F FCETHRSh TR LD THEAD R S
BLOLEA DN ERHWEIHE F-XI VAT

FOMR LD RNA $REHET 3 & Table 6 iTR

FE3IE—HKL £ RNA OHBICH~T

5-AMP QAR EHETLS VORI, Bikdo 5-AMP
BELEY» LU bOEEESNS.
+HURERERE AV BED BRRS, :w:ut

'RNA o%_@&i&y’ U /&ﬁi&é}ﬁb?tﬁ‘?@%
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Yeast el ‘were mcubated ;-m.., 0.25
'buﬁéf"hn&"o.ii% of nonion Hs- 10
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H & B U TRARNCR L7 Ot Fig. 7
TH5. Y BREREHR TREKNRNA
. ® (I‘) ‘ BIBLAER '~ 7 LA F FCOMS

NTHWEINRS DleHL, BEERES IR
20% OB ABELING. TDHDH
10~12% I3 RNA T, 8~10% BRzoD
HOBBTEEMETS 505, BIKA
BATFYER RNA LUNZEAE HE
¢ HiLahTko9, RNA it LT,
s HTHENBECOHRBER LA EM

T&S. ZhicdLTrY v Y BERT
i2 RNA BUto 9B b3 0 BERIL
50 100 150 200 &N, TRICE b1 THERS OMR
o ~ Tube number PURFLL 5D, RNA piseeices 3
Fig. 6. Separation of excreted nucleotides by anion exchanger. IVAF FIRETHRINBOS BILE
Exchanger; Dowex1x8 formate type, 200~400 mesh, 0.63 NoO—IWHEFWMIN TR . ’

Optical density of 260 my

cm? X8 cm.
Elution; Eluted with formic ac1d and sodmm formate at the Table 6. Compositions qf » RNA and
rate of 0.5 ml/min. Each 10 ml fraction was collected in a =~ excrted nucleotides.
tube. o . . RNA Excreted
(1) Adsorption & water (2) 0.005M formic acid : nucleotides
(3) 0.02M formic acid - (4) 0.1 M formic acid 5'-AMP 28.3%|  30.2%

i (5) 0.01 M formic acid+0.05 M formate . 5-GMP 27.8 26.8

. (6) 0.1 M formic acid+0.1 M formate -~ - ' : 5-UMP 25.2 " 94.2

. 1 (7) 0.1M formic acid+0.3M formate wooMp | 18.7‘2 18.8

. (8) 0.1 M formic acid-+0.4 M formate
4, (9) 05M formic acid+0.5M formate™ -

0 20 40 60 80 100

Y Py & 2 a2

Insoluble fraction Soluble fraction
Giycine-NaOH buffer
(pH9.8)
Solids T
Boric acid;NdOH' buffer :
(pHO.8) |
Otigonucleotides
v Residual RNA/  Nucleosides  5'-Nucleotides
Glycine-NaOH butfer
(pH9.8) ;
- o J/Nucieosidos . 8- Nuleotides
 Boric acid-NaOH butfer E

(pH9.8)
"Fig. 7. Material balance of ‘solids and RNA after incubation.

The reactxon mixture was incubated for®6 hr. at 33°C .
0396 of nomon HS-210 was added to each buffer. .
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