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1. IntreAuction

The polymerisation of nucleoside 5’-diphosphates
using polynucleotide phosphorylase (PNPase) is a
common method for the preparation of single stranded

-polvnucleotides [1}. However, the polymerisation of

nucleoside diphosphates which contain atypical bases -

often proceeds sluggishiy or not at all [2]. Extensive
degradation of high molecular weight polymer can -
occur due to phosphorolysis when prolonged reaction:

times are employed leading to heterogeneous prod_u(:ts.‘ o
We have investigated the properties on PNPase which - -

‘has been attached to a number of insoluble supports.

and found that the properties of the enzyme have been’

altered to such an extent that polymerisation can
occur smoothly at a pH when phosphorolysis is
negligible. The ainount of enzyme bound varies with
the support used.

2. Materials and methods

PNPase was isolated from Micrococcus lutetis
(NCTC 2665 [3] or Escherichia coli [4] and was
bound to either mercerised ccl[ulosé or Sepharose aB
in the following manner. The support (100 mg wet

~weight) was added with vigorous stirring to a solution
of cyancgen bromide (100 mg) in water (4 ml), the

_pH being maintained at 11.0 by the addition of 2 M
NaOH. After 68 min the suspension was filtered
through a sintered glass filter, the Sepharose washed
with cold 0.1 N NaHCO; (300 mi) and then added to

a solution of PNPase (3.3 mg/ml) in 0.01 M collidine-

HCl buffer ;)H 8.2 (5 0 ml} "’he euspensxgn was stirred
* To whom rcprmt 1equests sncuid be sent. 7
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. at4° for 16 hr and filtered; the Sepharose was then

washed with 500 m! portions of cold 0.1 M NaHCO;,

" 1 M NaCl and fmally water. Thz insolubilised’ E’NP&S&

was stored at 4°% in water whici contained 0. 02%

Ammoalkvlsxlane otass b"ads( ) prepared aad o

- activated with glut.sraidehyde as described by Robin-

son et al. [5], were added tc a: slutzon of PNPase -

£35 mg) in 0.01 M collidine-HCi buffer pH 8.2 (10 mi).
‘The suspension was stirred at 4° for 2 hr, then filtered
‘and the beads washed wiih water. The !qsolubnllsed

enzyme was’ stored at 4° as above. _
The amount of protein bound to insoluble suppoa

N was determined by hydrolysis in 6 N _HCl at 110° fol-

lowed by the estimation with nmhydnn of the total -

~ amino acids liberated {6]. Phosphorolysis was assayed '

by following the incorporation of 32P-labelled phos- -
phate into ADP [7]; polymerisation was assayed by

_the incorporation of 1*C-labelled ADP into poly A as

described previously {1]. Sedxmentat:on constants of

- polynucleotides were estimated by gel electrophoresis’

on 3% ac¢rylamide geis by ¢ companscn with known
sampl 5. : : :

‘3. Results S

~ PNPase has oeen bou'nd,'t‘of cyanogen.brbmide». .
activated cellulose in earlier work [3]. However, this -

“reaction was carried out in Tris buffer and it is probable

that the amino group of the tris{hydroxymethyD-
aminomethanc would react with the activated cellulose

- in competition with the enzyme, thereby reducing the
“amount of PNPase bound to the celiulose. We have -

- :foumi that an mcreased amount of PNPase is boumﬁ

" to cellulose ifa coihcime-HCi buffer is- used m the
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a) »!—f;lu-‘reus‘r S R S
- Free o = 8.1 %0 1.0 .
Cellutose (Tns) 43 77 0925 140 ‘
" Cellulose {collidine) 121 - 7.7 0925 1.0
- Sepharose 475 . - 86 925 40
Glass : " 68 85 %4 05
b)E c:'ah o S .
Free - = - ‘7.8 90 . 1.25
 Sepharose . 430 1.8 9.25 1.67

All poiy mérishtion and phbspho:dlysis assays were carried out
in a jacketed, stisred vessel at 30° in 2 mM MgCla, 0.5 mM
EDTA : 0.15 M Tris buffer.

, wuplmg reaction in place of a Fris buffer. Steric
hmdrance of the nitrogen atom in collidine by the
2. and 6-methyl groups would prevent the base from
reacting with the activated cellulose and an increased
binding of PNPase to the support would result, If
Sepharose is used in pla(,e of cellulose as a support,

Maximum - Activity

- Petcant’

Lo T : — —t - ¥ ~— Y.
Qe 1B a2 86 . 90 9.4

* Fig.'1. pH Profiles for polymerisation and phospherolysis
. zeax.tmns catalysed by PNPase from A lufem Polymensaw:m'
free enzyime. (W) celluiose bound enzyme (c—o-—G).

o Phospim»r{nysw. free enzyme (fr—a—i celluxose bound enzyvme
AE ‘*-wr——ﬂ) .
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Fig. 2 Poiymen..atmn of nucleotides by a packed bed of ,
Sepharose bound E. coli PNPase as descnbna in text {flow raie
0.5 mi/mi}.

the amount of bound protein increases considerably.
The properties of PNPase attacheé to various supports
are given in table 1.

With soluble PNPase from either £ coli or AL lureus
the pH profiles for the polymerisation and phospho-
rolysis reactions are broad with maxima occurring
around pH 9 and 8, respectively. On attachment 1o
either cellulose or Sepharose the pH profiles are
sharpened, enabling conditions to be found when
polymerisation of ADP tzkes place smoothly and
phosphorolysis of poly A was negligible (fig. 1). This
change in shape of the pH profiles did not occur to an
appreciable extent when the M. lureus enzyme was
bound to glass.

The values of the apparent l\hchaehs constant of
cellulose bound PNPase was similar to that for the
soluble enzyme while that for the glass bound enzyme
was lower. One factor in the latter case may be that
charged groups on the surface of the enzyme affect
the approach of the substrate to the PNPase [8]. In
the case of the Sepharose derivatives, gradients of -
substrate concentration could be established in the
Sepharose particle thereby affecting the X,
~ One problem with the preparation of polynucleotides
on a large scale with insolubilised PNPase is that

mechanical shear of the polymer can occur if the reac-

tion mixture is stirred too vigorously. We have found
that this problem can be overcome if a packed bed of

247



Volume 30, numbe:r 2

msolubi]ued PNPase is used and mechanical shear of
the polymer is prevented if the eluate from each cycle .
through the bed is retained by means of an Amicon’
PF-12 ultrafilter cell with an XM-50 membrane. Poly-
merisation reactions were typically cairied out ina - -
jacketed column (6.7 ml Sepharose) at 30°. The sub-
strate nucleoside diphosphate in 10 mM MgCi,, 5 mM
EDTA, 0.15 M Tris buffer were passed through the
column and the polynucleotides could be recovered

by dialysis against 0.1 M NaCl/0.GO1 M EDTA, 0.001 M
EDTA and then water. In this m.nner poly A (8 S),
poly C (12 S) and poly 5-chloro C(6 S) {1] were
prepared in high yield after one cycle through the bed
(fig- 2). There is an inverse relationship between sub-
strate concentration and percentage conversion; further-
more, the flow rate through the packed bed is also an
important factor [9]. Further studies on this poly-
merisation reaction are in progress.
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