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ABSTRACT

Extracellular ribonuclease activity was detected In culture medla of

sporidial and mycelial cultures of Ustllago hordei. The RNase activity

was maximal at pH 5.0, 6.5 and 8.0. The secretion of the RNase activity

was a function of the cell density. Release of pH 4.5 and pH 7.5 activity

was coincident. Enrichment of the simple glucose and salts medium delayed

the Initial secretion of activity. The presence of RNA in the medium did

not enhance the amount of activity released. Furthefmore, since the presence

of RNA in the medium was not required for the release of the RNase activity

into the medium, it is suggested the synthesls and secretion is a constitutive

function. |
N-methyl-N'-nitro-N-nitrosoguanidine was used to produce auxotrophic

strains. Selection methods for the detection of strains deficient In extra-

cellular RNase actlvity are discussed.
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INTRODUCT 10N

Enzymes often occur In the culturé flulds of bacterla and fungl.
Sometimes thejr presence Is a result of the death or lysls of a fractton of
the cells iIn fhe culture but In other cases the enzymes are truly extra-
cellular (Lampen, 1965). An extracellﬁlar enzyme or exoenzyme Is, by
definitlon, one which can be produced and released by the cell wlthout any
alteration to ceil structure greater than that compatible with the cells!
normal processes of growth and reproduction (Pollock, 1963).
| R Studies of extracellular enzymes produced by microbes have been reviewed
extenslively by Davies (1963), by Pollock (1963) and by Lampen (1965). Some
general features are revealed from a gompa}ison of those extracellular enzymes
that have been studlied (Pollock, 1963):

1) they are small in size - less than 80,000 M.W.;
11) they have little or no cysteine In tﬁelr primary structure;
i11) they often need calcium fons for activation and stablilization; and
lv) they occur most frequently In gram-positive bacterlia and fungl. Such
Qanerallxatlons are based mainly on studies of bacterla since relatlvely few
studies have been carried out with fungl.

Extracellular enzymes are generaiiy considered to be synthesized by the

cell's regular protein synthesizing system. Studles of an extracellular

penlcillinase produced by Baclllus subtills (Kushner and Polloch, 1961)

showed that the liberation of the enzyme requires membrane synthesls. Beaton

(1968), who studled Staphylococcus aureus, suggested that release of

peniciliinase Involves alteration of membranous structures. Lampen (1965)
in his hypothesis visuallizes the formation and secretion of peniclllinase

as being assoclated specifically with the mesosomes. This proposal, based



on studles in prokaryotes, may not be tdtally compatible with the phenomena

of secretion In eukaryotes. In Neurospora crassa It has been suggested that

extracellular proteases located In membrane-bdund vesicles are released
extracellularly when they ''cross the plasma membrane as Intact particles
by means of Invaginations of the plasmaiéhﬁa"_(ﬁatlle et al., 1965).

Electron micrographs have recently been obtalned (steln. 1970) which also
support the ldea that Intracellular veslcles'are Involved In the secretlon
of cell products by U. hordel (Pers.) Lagerh. Probably the process of cell
secretion In eukaryotes has been best studled In higher organisms, for example
with pancreatic cells (production and Eelease of zymogen). In this example |
zymogen Is synthesized on the ribosomes of the endoplasmic reticulum (E.R.),
moves Into the Intercisternal cavities of the E.R. and then to veslcles of
the Golgl complex by transient connectlons. These vesicles then move to the
cell surface where they fuse with the plasma membrane to release the zymogen
extracel lularly (De Robertls, 1965). In Q, hordel where there Is no Golgl
complax (Steln, 1970), the production and release of extracellular
products cannot follow this sequence of events. Although It Is apparent
that thére Is no single or standard mechanls@ of secretion used by all
eukaryotic cells the process appeari In all cases to Involve movement, via
vesicles, of proteins from their sites of synthesis to the plasma membrane.

Microbial ribonucleases, both Intra- and extra-cellular, have been
reviewed in detall by Egaml and Nakamur§ (1969). These authors noted that,
In general, intracellular RNases have‘no nuclelc acld specificity, have a
size of 30,000 - 40,000 M.W. units, are heat-lablle and are exonuclease,
in contrést to extracellular RNases which have base specificity, a size of
11,000 - 13,000 M.W. unlits, are heat~stable and are endonucleases,

Nishimura and Nomura (1959), who Investigated the mode of formation of

extracelliular RNase In B. subtills (straln H), found that the RNase act!VIty



in the medium Increased markedly when growth entered the statlonary phase

and then continued to Increase at a constant rate during the statlonary

phase. In a later study they found that the extracellular RNase of B. subtlills
differed from the Intracellular RNase In such characteristics as oﬁtlmum pH,
heat stabillity and fon requlrement (leﬁlmura.and Maruo, 1960). Thls contrasts

with the finding that one of the Intracellular RHases of Neurospora crassa

Is very similar to the extracellular RNase (Takal et al., 1967).

The amount of extracellular RNase In the medium can be affected by the
conditions of culture; it has been shown by Yanaglda et al. (1964) , who worked
with U. zea, that where RNA or poly U'(wh!ch‘was not a substrate for the RNase)
was supplled as the sole source of carbon, the production of an extracellular
.guanyloribonuclease was enhanced. Glitz and Dekker (1964) also found that
an extracellular guanyloribonuclease a#cumulated In the culture medlum of
U. sphaerogena when RNA was added as the sole carbon source. They therefore
considered these to be Induclble enzymes. In a subsequent study (Arima et al.,
1968) four RNases were purlfled from the growth medium of U. sphaerogena:

RNase U,, a guanyloribonuclease; RNasgs 02 and 03, both of them puryloribonucleases;
and RNase Ub, which was not base-specfflc. These workers reported a striking
increase In the release of RNaseé u, and Uh.'together with a small Increase in
RNases U2 and 03. following the additlion of RNA as the sole source of phosphorus

in the culture medlum. In contrast w]@h the results obtalned In studles of

U. zea and U. sphaerogena, RNA was'repoftad not to enhance the formation of

release of extracellular RNases by N. gigggg_(Takal et al., 1967).

The Importance of RNA-degrading enzymes in growing cells Is discussed
In detall by Egam! and Nakamura (1969), who summerize their probable
physiologlcal roles as follows:

1) metabollsm of RNAs;
i1) protectlion against penetration by phage RNA;

111) supply of nutrlents by degrading extracellular RNA;



Iv) activation of DNA*speclflﬁ endonuclease | by removing Inhibitory
RNA, |

Extracellular RNases often have baseAspeclflcltles and In considering the
role of such RNases It Is known that guanine-rich nucleotides tend to form
aggregates and it Is therefore suggested that RNases specific for guanylic
acld phospho&lester bonds would yleld digestion products which may diffuse
through the cell membrane (Egam! and Nakamura, 1969). On the whole, the
microblal extracellular ribonucleases, because of thelr ease of purification
and thelr stabllity, have found great favour with the blochemist whlle the
general blologlcal role of such extracellular products remalns, for the
most part, unresolved.

Specles of the genus Ustllago are usually consldered to be obligate
parasites because they are entirely dependént on thelir host specles durling at
least part of the life cycle. The assoclation between Ustllago specles and
thelr hosts are usually highly specific and, although extracellular enzymes
of several Ustilago species have been studled; there Is as yet no evidence
to Indicate that the production of extracellular enzymes contributes in any
particular way to the success of the#e specles during thelr pathogenic
phase,

One apbroach consldéred useful for evéluatlng the Importance of extra-
cellular enzymes of parasitic fungl Involves the production of mutants defliclient
In the ability to release a speciflc activity and the study of the abllity

of such mutants to parasitize the host. Mutants In Ustilago hordei have to

date been produced only by UV lrradlaflon (Hood, 1966), but useful application
of this method of mutation required the treatment of synchronously growing
cultures. The chemical mutagen N-methyl=N'-nltro-N-nltrosoguanidine (NG

or nitrosoguanldine) was used In the present study In attempts to produce

RNage-deflclient mutants. Holllday and Halliwell (1968) have previously



‘used NG with Ustilago maydls‘to produce extracellular DNase-deficlent mutants.

Mandell and Greenbarg (1961) first reported the mutagenic action of NG

In bacteria and thls compound has subsequently been shown to be highly
mutagenic. Adelberg et al. (1965) studled the action of NG In Escherichia
coli and found that a high yield of mutations was obtained in condltions
which gave over 50 percent survival rate. Mutagenlc action of NG has

similarly been studled In Salmonella typhimurlum (Elsenstark et al., 1965),

Schizosaccharomyces pombe (Loprieno and Clarke, 1965) and Arabldopslis thallana

(Muller and Glchner, 1964). 'Loprieno and Clarke (1965) in thelr study reported
the following order for decreasing ratlos of mutagenesis to lethality: |
NG > nltrosomethylurethane > ultraviolet light > nitrous acid. In vitro, NG
acts on DNA and RNA to produce 7-methylguanine (Craddock, 1968; Lawléy, 1968;
McCalla, 1967) and a small amount of 3-methyladenine (Lawley, 1968).

The In vivo action of NG on DNA is speclific for the replicating reglpn of
the bacterial genome (Cerd§~Olmedo et al., 1968), but this has yet to be shown

In fungi. In another in vivo study, Baker and Tessman (1968) found different

peman

mutagenic specificities In phages S13 and T4 following treatment with NG.

With S13 (as In Salmonella typhlmurlum) both transitions of GC to AT and of

AT to GC were induced In about equal frequences, whereas GC to AT transitions
predominated In phage Th., The molecular environment of the repllicatlion reglon
of the DNA (which should depend on the speclfic mechanism of repllication,

the nature of the DNA polymerase and the base composition of the DNA) Is
suggested to be responsible for the differences. The authors peint out that
care should be taken In making generallizations about the specificlity of a

particular mutagen (e.g. beyond saying that NG Is an alkylating agent).

The macromolecular action of NG In vivo Is not restricted to DNA
(Cerda-Olmedo and Hanawalt, 1967). Besldes causing alteration of DNA which

can be recognlized and repaired by the dark repalr mechanism, NG can Inactivate



ﬁrotelns and Inhiblt protein synthesis. To a lesser extent NG can also
Inhiblit RNA synthesls, resulting in a feductlon In the rate of synthesls of
protelns and the production of small amounts of non-functional protein.

NG may also cause misreading of the geﬁetlc code, which can be suppressed
by streptomycin.

Whether NG or dlazomethane Is the reactive species In vivo is still an
unanswered question. The former view Is supported by Mandell and Greenberg
(1960} and McCalla (1967) and the latter by Cerdd-Olmedo and Hanawalt (1968),

As well as having an efficlent procedure for inducing mutations, one
must also have a selecilon method for detecting those mutants which are of
speciflc Interest. For 2 detailed congideration of the problems Involved
see the Dlscussion. |

in the present study, one approédh that was consldered for the selection
of RNase-deflclént mutants Involved the Qse of a derlvative of RNA which altered
the attack of base-specliflic RNases. The modification of ribonuclease
degradatlon products by the additlon, In this case, of a water-soluble
carbodlimide to a dinucleotide substréte wag First reported by Giltham (1962).
N-cyclohexyl-N‘-B-(k-methylmorpholln!um)gthylcarbodllmide p-toluene~sulfonate
{cMC~p~toluenesulfonate) was shown to react specifically with the bases
guanine, uracll and thymidine (Ho and Gilham, 1967).

Pyrlmldlne*speclfl¢ RNases:aré rés;rlcted to degradatlion at cytosine
when the RNA substrate has previously been reacted with CHC~p-toluene~
sulfonate. Simitarly It should be feasible to limit the aptlon of RNases of
other base specificitlies (P.T. Gllham, personal communication).

The practical application of this method of limiting RHase actlion was
demonstrated by Lee et al. (1965) for pancreatlic RNase in the preparation of
trinucleotides contalning 2 terminal cytidine, by Naylor et al. (1965) for

RNase on CMC-modifled polynucleotides, and by Sanger et al. (1968) In the



restriction of RNase A on modified 5s RNA for partisl hydrolyses to
facilitate base sequence analysis,
After establishing the presence of ribonuclease activity in the culture

medlum of the barley-smut fungus (Ustilago hordel (Pers.) Lagerh.), this

thesls was undertaken to gain information about the possible role of the
enzymes responsible for RNase activity. (Protease and amylase activitles
were also detected but these were not studléd.) The study iIs divided into
two parts: oné, the study of the RNase aétlv!ty in the non-pathogenic

phase of the 1ife cycle (nature of acglvfty, secretion pattern, control of
secretion); and two, chemical mutageﬁesls of U. hordel In attempts to produce
mutants deflclent In RNase activity whlch would be useful In considering the

Importance of extracellular RMases In the host parasite relationship of

U. hordel and its host, cultivated barley (Hordeum vuigare L.).



MATERIALS AND METHODS

1. BIOLOGICAL MATERIAL

The two standard monosporidial (J;e. haplold) lines of Ustilago hordel

(Pers.) Lagerh. used In this study were deielopgd by Hood (1966) and

deslgnated by him as E " and l“+. Both these flnes were used In enzyme

3
studles while 53- only was used in mutagenesis experiments,

A mycellial culture derived from a complementation test (Dinoor and
Person, 1969) of two sporidial lines derived from a single tellospore,

Met” Pan” Arg” A and Met' Pan® Arg”a (Drs. Jean Mayo and €.0. Person,

personal communication), was studled for production of extracellular RNase.
2. CULTURING

Liquid cultures were grown In a New Brunswick psycrotherm Incubator at
22° Con a shaking table (100 RPM). Agar plaﬁes were also Incubated at 22° C.

In order to measure cell denslity of cultures at different stages of
growth, cultures were grown In liquid culture_ln 125 m] Erlenmeyer flasks
fitted with Klett-Summerson colorimetric tubes (side-arm flasks). By turning
the flasks sideways, the side-arm filled with culture medlum whose turbidity
was then measured on é Klett-Summerson photoelectric colorimeter fitted with
a red fliter. This allowed one to follow a culture from a cell density of

6

107 cells/ml (0-5 K.U.) through to stationary phase which occurred at a cell

8

density near 2 x 10" cells/ml (400-450 K.U.).



3. CULTURE MEDIA AND SELECTION PLATES

Culture medla, minimal and cdmalete, were prepared according to the
procedures outlined by ﬁood (1966); Minimal medium contalned .20 m] Vogel's
salt solution (see Appendix A) and io g glucose per one ilter of distilled
water. Complete medlum was a minimal medium enriched with § g Difco yeést
extract, 5 g salt-free caseln hydrolysate (N.B. Co.), 50 mg tryptophan and
10 m) vitamin solution (see Appendix A) per one liter of minimal medium,

For solld medium 2.0% Difco bacto agar was added.

Supplemented minimal medium was prepared according to Holllday (1961).
The Indlvidual growth factors were added to minimal medlum as required:
emino aclids, 100 mg; purines and pyrimidines, 10 mg; and vitamins, 1 mg per
Viter.

Initial screening of auxotrophs was carrled out on ager plates of
minimal medium supplemsnted with yeast extract, vitamins, or caseln
hydrolysate, In amounts normally used for complete medium.

Auxotrophs were stored on agar slants (complete medium plus 2.5% agar)
at 4° € and transferred every four weeks.

RNA plates éontaining O.Sz;yeast RNA were prepared by adding MIi)ipored
102 RNA solution to autoclaved regular minimal medlum contalnling one percent

agar.
4. ASSAYS

" (a) Ribonuclease activity was determined quantlitatively by measuring
the absorbance of acld-soluble degradation products according to the assay

for RHase T,» described by Takahashi (1961) and modified by Arima et al. (1968).
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The reaction mixture contalned 0.1 ml! of enzyme solution, 0.25 ml of
0.2 M Tris buffer, pH 7.5, or 0.2 M sodium acetate buffer, pH 4.5, 0.1 ml of

2 x 1072

M EDTA, 0.3 ml of distilled water and 0;25 ml of yeast sodlum
ribonucleate (Schwa(z), 10 mg/m! fresh!y-prepared%bafore use. The hydrolyslis
was allowed to proceﬁdﬁfor 30 min at 370 C after the additlon of RNA solutlon
and was stopped wlth:0:25 ml of 0.75% uranyl acetate In 25% perchloric acld.
The reaction mixture was centrifuged and 0.2 ml of supernatant solution was
diluted In 4.8 ml of distilled water and the absorbance at 260 nm was read
on a Unlcam SP 800 spectrophotometer fitted wlth‘stllca cells of one centimeter
light path. The amount of enzyme that under the standard assay condlitions and .
thirty minutes Qf hydrolysls would produce an increase In absorbance of one
at 260 nm wés defined as one enzyme unlt (Takahashl, 1961,.

An alternative, qualltative assay for ﬁﬂase activity simllar to that used
by Holliday and Halliwell (1968) for DNase and earller by Jeffries et al. (1957)
was employed In assaying for activity released from colonles of U, hordel.
Since factors such as agér con;entr&tlon, per cent RNA and depth of agar
influenced this plate assay, the assay was carried out under standard optimal
conditions, usfng plates contalning 1% agar, 0.5% RNA and 8 ml of minimal
mediun per 8.5 cm dlameter Petrl plate. Theqe'RNA plates were spotted or spread
with sporidia and grown for about flve days at 22° ¢ or they were spotted wilth
culture medlum and the plates were floated in 2 37° € water bath for thirty
minutes. Yo stop the hydrolysis, the plates wére flooded with 10% trichloro-.
acetlc acld (TCA). To test the valldity of this assay, ten microllters of
purified pancreatic RHase (100-0.01 micrograms/ml, approximately 20,000 unfts/ml;
Worthington) were spotted on such RNA plates., VWhere there was no RNase, a white
preclpltate formodkwhtle In ﬁreas of RNase spotting cleared areas were visible.
This assay proved to be a rapld and sensitive method for detecting activity that

may be due to RNases.



(b) Phosphodiesterase (PDE) 1 and 11 (both described by Razzell, 1967)
were assayed for by the method of Razzell (M. $smith, personal communication).
For PDE | the stock solutlon contalned 0.1 ml M Tris, pH 9.3, 0.05 ml 0.2 H
MgC\z, 0.10 m1 para-nitrophenyl thymidine-5' phosphate, 5 micromoies per ml
(i.e. 8.3 0.D./m) measured at 272 nm In 0.01 M HC1), pH 9.3, and 0.75 m] water.
To 0.1 ml of stoeck warmed 2 mlnuteﬁ at 37° ¢ about 20 microliter of enzyme
solution was added and lncubate& fof one hour. The reactlon was stopped with
0.25 m! 0.3 ¥ NaOH and the contents of the tube mixed by Inverting severasl
times, made up to 1 ml with water.and absorbance at 400 nm was determined.
For phosphodleﬁtarasé 1l the stock Qolutlon contained 0.25 ml M ammonium
~ acetate, pH 5.9, 0.05 ml 0.02 M sodlum EDTA, 0.1 ml 2,4-dinltropheny!
thymidine-3' phosphate, 10 mléfomoles per ml, and 0.55 ml water. The assay
procedure was as for PDE I. The use of 2,4-dInitrophenyl thymidine-3' phosphate,
a modlfication of Von Tigerstrom and Smith (1969), allows direct quantitative
measurement at pH 5.9 and 360 nm,‘slnge the 2,k4-dInltrophenoxide anion has
maxImum absorbancy n@ar the assay pH. Thls Is an Improvement over the use of
p-nitrophenyl thymidine~3' phosphate as a substrate, since p-nltrophenoxide
has little absorbance at pH 5.9.

(c) Phosphomonoesterase, acld and alkallne, were measured by the method

of Arima et al. (1968).
5. CHEMICAL NUTAGENESIS, DETECTION AND SCREEHING OF MUTANTS

To ‘Induce ﬁutatlous, wild type, log phase sporidla (53-)Jgrown in liquld
minimal medium were pelleted and resuspended at a concentration of about

108

cells per ml In cltrate buffer at pH 5.0 or 5.7 In 40 m] Nalgene tubes.
Sufficient NG stock solution was added to give a final concentration of 0.1 mg
NG per ml of medium, Standard HG treatment lasted for flfteen minutes at

22 -vzho C. Stock solution of 2 mg per ml of NG was made fresh with each

11
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treatment.

Treéted cells were Immediately washed Qlth citrate buffer and then with
COmblete medlum before belng suspénded In the treatment volume of complete
medlum and transferred to 50 ml Erlenmeyer flasks to be Incubated for about
ten hours before plating.

Samples of cultufés treated In thls way were dlluted to glve 50 to 100
colonles per plate wben spread on complete medium. Colonles of these plates
were replicated, using the method of:Lgderberg and Lederberg (1952), as
follows: to minimal plates to determine auxotrophs, to RNA plates to
detect RNase~deflclent colonles and, as a flnal step, to complete plates to
'confirm that transfer of each colony had been made onto all previous plates.
After five to ten days, each plate was examined and the auxotrophs were
tentatively ldentlflad; these were further defined by thelr ablliity to respond
to caseln hydrolysate, to vitamin solutlion or to yeast extract. Flnal
classiflcation of an auxotroph was based on a positive response to a single
compound added to minimal plates. |

Arima et al. (1968) reported four extracellular RHases In Ustllago
sphaerogena, two with sharp optima ét pH 4.5 and two others with a broader
optima at pH 7.5. These observations were tgken as the basls for beginning this
study. RNA plates were made with a pH of 6.0 or greater In order to assay for
deficlency of the RMases with the broad optima (i.e. U' and U&). |

6. THE PREPARATION OF CMC-RNA

The wa_tar-‘soluble carbodiimide derivative of RNA was prepared by the
method of Ho et al. (1967). The reactants, CMC-p-toluenesulfonate (Aldrich)

and yeast sodium rlbonucleate (Schwarz), were reacted for 26-30 hours.
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RESULTS
1. EVIDENCE FOR EXTRACELLULAR RIBONUCLEASES IN U, HORDE!

(a) Inlftial quall;atlve and quantltative assays for RNase actlvity In the
medium of a stationary phase EB‘ culture gave positive results, both at pH 4.5
and 7.5. Assaying acréss pH range 3.0 to 9.2 demonstrated two pH maxima,
one at pH 5.0 and another at pH 8.0 (Flg. 1). In addition, a third maximum
was obtained at pH 6.5; this maxIimum has not been reported previously,

Some prelimlnary attempts at identifyling thé number of RNases released
by U. hordel were made (see Discussion).

(b) Evidence that the RNase activity was due to the release of extra-
cellulgr RNases came from observation of culture samples under the light
mlcro#cope; in samples taken during the period of maximal increase In RNase
activity no rupture cells or cell fragments were seen. U. hordel character-
Istically does not lysevbut rather, becomes mycelial towards the end of Its
log phase of growth.

(¢) A slight amount of activity (0.1 eM/ml/hr) due to phosphodiesterase |
was found to be assoclated with the cell surface, which, on centrifuging out thé
cells and assaying the cell-free culture medium was not detectable. Phospho-
dlesterase 1l activity was not detected on the cell surface or In the culture medium.
3- in minimal medlum, that had

been In the stationary phase of growth for five days, was assayed for phospho-

. (d) A ten day old liquld culture of strain E

monoesterase (PHE) activity. Activity was detected only under acld conditlons
(p# 5.5) and primarlly in cells containing culture medium (0.54 mM/hr/ml);
a small amount was found In cell free medium (0.04 mM/hr/ml), possibly due

to cell death or lyses.



Figure 1: The RNase activity of cell-free minimal culture medium, In

which strain E,  had been grown to stationary phase,

3

measured across the pH range 3.0 to 9.2,
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2. RELEASE OF RIBONUCLEASE ACTIVITY

(a) Figure 2 presents representative grophs to show the release of

RNase activity for €. and lh+ grown in complete and In minimal medium.

3
A sharp Increase In RNase activity occurred In late log phase and by early
statlonary phase maxlmai release was‘achleved. The release of extracellular
enzymes during thls phase of growth has been chserved not only with RNases

but also wlth many other extracellulaf enzyées; and may be regarded as a

rather general characteristic of extracellular enzymes of microorganisms

(Egam! and Naksmura, 1969).

The releaserof’actlvlty Into minimal medlum was more gradual and began
earller after entry of the culture Into the log phase of growth, In contrast
to cultur@s of complete medlum. The Increases In ribonuclease actlivity measured
-at the two pH's (4.5 and 7.5) parallel each other during the period of release
(Fig. 3). This suggests that the pgrlod of synthesis and release are co-
Incidental for the enzymes Involved. The total amount of RNase actlvity was
greater In complete medlum suggesting that conditions In thls medlum were
more favourable for synthesls or release of RNase.

(b) A stable mycelial stain grown In compiete medium released ribonuclease
activity In a pattern simllar to a sporidial culture In complete medium (Flg.
§). Total Rhase activity reached a level simllar to that of sporidial cultures.
The constlitutive relesse of RNase activity, in both sporidlal and mycelial
(possibly dikaryotic) cultures would suggest that such Is the case for at least
all of the non-parasitic part of the life cycle of U. hordel.

(c) To determine whether the addition of RNA to the culture medfum had an
inducible effect (l.e. Increase the amount of RNase release), the release of
RMase actlivity from strain E3-. grown In minlmal medium plus 0.5% yeast RNA,

was measured (Flg. 5). This flgure shows, firstly, that the maximal level

15



Figure 2: Growth (-o-) of strain E, and Ik+ cultured in elther minimal

3

or complete medium; and the release of RNase activity at

- - + +
pH 7.5 (~=-0---). a) E3 M; b).E3 /C; ¢) 'k /M and d) '4 /C.
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tgure 3: Growth of straln E " in minimal medium (a) and In complete

3
medium (b). RNase activity was measured at both pH 4.5

and pH 7.5.
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Figure 4: The growth curve of the sfable mycelial strain (Myc/C) and

the release of pH 4.5 and pH 7.5 RNase activity.
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Figure 5: The release of RNase actlivity by étraln EB‘ grown on minimal

medium supplemented with 0.5% yeast RNA, This graph also

Includes, for comparlison, the growth of strain F.3 and Its

release of RNase activity In minimal medium.
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of RMNase actlvity release by.aarly.statlonary phase of the 23- culture

In RNA medlium was noticeably less than that of a culture of EB- In minimal
medium. Secondly, a slgniflcant delay In the release of the RNase actlvity,
relative to the start of log phase growth, was noted, as had similarly

been noted with 53“ culture In complete medium (e.g. Figs. 2 and 3).

(d) Considering the release of RNase activity relstive to the growth of
the culture, It appeared (taking Into account the lag perlod between the
inoculation of the cultufe and flirst detectlng RNase actlivity) that the
quantity of RMase actlvity was a function of cell density rather than of the
age of the culturg. A dilution exéerlment In which culture 53" in completr
medlum was grown to mld-iog phase and then dliluted to a one-fifth cell
" concentration was carrled out;- The dllution was performed by taking one volume
of culture sample and adding 1t to four volumes of elther complete or minimal
medfum. Growth and release of RNase actlvity was followed by the standard
methods, and these results are presented In flgure 6. The rates of release
of activity (l.e. tﬁe slope of the activity lines) of the original and the

diluted cultures are simlilar. The greatest rate of release In both cases

occurred at the polnt of maximal cell density.
3. RNA AS A CARBON SOURCE FOR U. HORDE!

Sporidla of Ustllago hordel were not able to grow on agar plates or In

liquld culture which contalned only yeast RNA (5%) and Vogel's salt solution,
suggesting that the RNA cannot serve the cell as a carbon source In the same

way as glucose.



Figure 6:

The dilution experiment. From a culture of strain E3~ in

complete medium (E3-/C), a sample was diluted Into four

times its volume of minimal (E, /C/M) or complete medium

3
(E3~/C/C) at 121 hr. Growth was followed for both the
original and the diluted cultures. Release of RNase

actlvity was measured at pH 7.5.
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L., CHEMICAL MUTAGENESIS

(a) Table | presents the assembled Information of four different NG
treatment trials. The younger the culture sampled for treatment, the
greater the killing effect and probably the higher the mutatlion rate
(though the data are fncomplete on this point). This is In agreement with
the report that NG acts at thé.repllcatlon,polnts (Cerda-0imedo ot al., 1968),
and therefore an active log phase culture as In trial NG IV Is predicted to
be affected by the treatment, more than an end-of-log or eaf!y-log phase
culture shch as that used In trial N6 ! or 111,

(b) Among'approximately 14,000 colanle; from NG~treated culture samples,
no RNase-defliclent mutants were detected.

(c) Sixty-nine colonles were picked from plates of NG-treated cells for
their Inabllity to grow on minimal medlum, and one for having a pecullar
colony morphology. Table Il summarizes the preliminary screening of these
Isolates. Fifty-flve of the isolates had shérp nutritional deficlencles
and were consldered to be auxotrophs. All 55 responded strongly to yeast
extract and of these: seven were possibly adenine-deflclent (NG 48 and NG 64
definitely); seven were vitamin-daficlient (probably nlacin or riboflavin);
one responded weakly to cytosine (NG 66), while another (NG 40) responded
to all of the bases except guanine, suggesting that it Is a nuclelc acid
mutant of some kind. NG 63, a morphological mutant, had the appearance of

a length of randomly colled rope.
5. CMC-P-TOLUENESULFONATE MODIFIED RNA

To measure the extent to which guanines in the RNA had been blocked by

the CHC additlon reaction, the RNase T, (10 mg/m1) hydrolysis of CMC-RNA

22



Table 1. NG treatments of strain 53- of U. hordel.
Trea;ment
Cell bensity
_ Post~
Sampled treatment Cell Survival
~ During growth
Duration Viability treatment| period Colony Percent Auxotrophs Percent Isolate
Trial (minutes) pH Ku count (calc.) (hrs.)  count (calc.) auxotrophs numbers
' .; 8 8 7
NG | j2.. 5.0 330 1.1 x10 .55 x 10 8.5 2.3 x 10’ 18 5 - 1-6
a .
NG i1 15 5.0 280 .8 x 108 8 x 108 12.5 1.5 x 107 5 1) 2 .- 7-14
| %5 s 15-31
NG 131 15 5.7 350 2 x 108- ! x 10 9 3.3 x 107 12 33 .43 32-70
NG IV 15 5.7 106 1.5 x 107 .75 x 108 . 1.4 x 106 0.7 - - -

a) Estimated;
b) Calculatlon based on the assumption that 10 hrs of post-treatment growth represents 1.5 generations;

c) A sample of 1024 colonles from 'complete’ plates with treated cells.

€2



Table 11. Prellalnary screenling of possible mutant Isolates.

Hinimal medium plus supplement

NG Minimal VYeast Vitamin Amino Bases

isolate medium extract solution aclds’ Cytosine OUracil Thymine Guanine Adenine Description

1 - + - - - - - - ] Adenine®
243 - + - - - - - - -

§ iw + . - e 1 ”Vj 1 ‘ 1 leaky,yel low
54+ 6 . PO - - - . - 1 'Aaeninec

7 - + - - - | - - - - Adenine®

8 - + - 1 - . - - -
9g-11 1 + - ! 1 1 ' 1 leaky

12 . + 1 1 s o+ + + + wild

13 ) * - 1 1 | I | 1 leaky

‘A + + 1 - + + 4+ + + wild
15 - 20 - + - 1 - - - - -

21 - + = - - - - - ]

he



Table !l Continued

Hinimal medlum plus supplement

Bases
NG Hinlmal Yeast Vitamin Amino
isolate medium extract solutlon aclds Cytosine Uracll Thymine Guanine Adenine Description
22 +23 - + + - - - - - - vitamin®
24 + 25 - + - 1 - - - - - i S
26 i + 1 ! 1 ! i ! 1 leaky
.27 - + - - - - - - -
28 - + + - - - - - - Vitamin®
23 - * - ! - - - - -
30 ) . 1 - 1 1 ) 1 I leaky
31 - + - - - - - - -
32 - + - ! - - - - -
33 + + - 1 i i 1 1 1 wild
34 i + - 1 ) | ) 1 11 leaky
35 + + 1 1 + ¥ + + - wild
36 - + + - 1 - - - - V!tam_lad
37 - * + - - - - - - vitemind

§2



Table {1 Continued

Minloal medlum plus supplement

Bases

86 Hinimal Yeast Vitawmin Anlno
isolate medium extract solution aclds Cytosine Uracilt Thymlne Guanlne Adenine Description
38 - * - | - - - - -
39 - . - - - - - - 1 Adenlne®
ba' - + - ) + 1 1 - * n.a.®
8 -4% - +* - 1 - - - - -
48 - + - - - - - - +  Adenlne
-5 - + - ! - - - - -
52 - + - * - - - - -
53 - * - i - - - - -
54 - + - + - - - - -
55 - + - ! - - - - -
56 - * - * - - - - -
57 - + - ! - - - - -
58 - + + - - - - - - V!mlné
59 - * - 1 - - - - 1 Adenine®
60 ¢+ 61 - + - 1 - - - - -

9¢



Table |1 Continued

Minimal medium pTué'sdbhlemeﬁf

: . Bases:-
NG ~ Minimal Yeast Vitamin  Amino
isciate mecium . extract  soiution  acids Cvtosine Uracil  Thymine  Guanine Adenine Descrintion

62 ] + - 1 1 1 1 1 1 Teaky
63 - + - 1 - - - - -

- bk ' - + - ‘ - - - - - - Adenine

: : ... d
65 - .+ + - - - - - - Vitamin
66 - + - - 1 - - - - CytosineC
67 - + - ! - - - 1 -
68 1 + - 1 1 ! ol - - leaky
69 + + + 1 + + + + + wild, e
' morphological

70 - + - 1 - - - - -

+ wild type growth; 1 weak growth response; - no recponse.

casein hydrolysate plys tryptophan.

)

)

) probable but not definite.

) probably niacin or riboflavin, since these are commcn to yeast extract and vitamin mixture.
)

appearance like a length of randomly coiled rope.

Lt
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was compared with RMase hydrolysis of unmodified RNA. 'Two preparations of
CMC-RNA had, respectively, 94 and 99 percent decrease In the formation of

acld soluble products. (The Inhibltlon of RNase T1 activity, due to unreacted
CMC-p-toluenesulfonate in the CMC~RNA product, was not evaluated). CMC-RNA

Is probably less acld-soluble than unmodifled RNA for it was found that

pH 4.5 plates which contaln RNA are clear while containing CMC-RNA they

formed a white precliplitate even beforé the additlion of trichloroacetic

acid. RHNase degradatlion 5? this white precliplitate was still possible for
cleared areas formed agalnst the prgclpltate wherever RNase-contalining

solution was spotted.
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DISCUSSION

It was mentioned earller that one conslderation of this study was to

establIsh whether extracellular RNases were produced by Ustilago hordel

and, if so, to determine whatherlthey are In any way similar to those

The results Indicate: 1) that extracellular ribonucleases are In fact
present after growth of U. hordel sporidia and mycella in culture media; and
i1) that the presence of rlbonucleases In the growth medium Is not entirely
due to release from ruptured cells.

The existence of three pH maxima (Flg. 1) suggests that at least three
enzymes are present; two of these maxima (i.e. those at pH 5.0 and pH 8.0)
compare with the pH optima shown by ribonucleases of U. sphaerogena. Whether
each of these optima corresponds to a single RNase (In U, sphaerogena, two
were reported for each pH optimum; Arima et al., 1968) can only be established
by blochemlcal methods. Preliminary studles (author), using gel filtration
on Sephadex G-75 (method of Arlma*gs_gi:, 1968) suggested that there may be
two RNases with pH maxima at 4.5 (see Appendix B).

Changes in the cellular énvlronment resulted In notliceable effects on
the pattern of RNase secretlon. Release of RNase actlvity from strain ES- could
be delayed by the addition to minimal medium of RNA or complete medlum components.

Several llnes of evidence would suggest that phosphate content in the

medium Is a possible controlling factor for the synthesls and secretion of

extracellular enzymes. The fungus Asperglillus oryzae grown on phosphate-

free medlum,both synthesized and released its extracellular amylase more
readily (Yurkevich et al., 1967).

Simitarly, the production of extracellular phytase by a number of



Asperglllus Isolates was strongly repressed by low levels ( 2 mg/100 ml) of
Inorganic phosphorus; It was, however, possib!e to overcome the phosphate~
tnduced répresslon by increasing the ratio of carbon to phosphorus in the
growth medium. The authors (Shieh and Ware, 1968) concluded that since
phytase In produced when concentrations of inorganic phosphate are limiting,
the organism has the capaclity to obtain Inorganic phosphate from organlc
phosphates when this beéomes necessary.

Arima et al. (1968), who worked with U. sphaerogena, replaced all
phosphates In the culture medium with RNA and, following this, observed a
significant Increase In RNase U‘, together with a smaller Increase In U“ 
and still smaller Increases iIn 02 and U3. If these Increases were dus to RHA
being a poor pho#phate source (l.e. the enzymes belng produced as a response
to limiting concentrations of inorganic phosphate), It Is Interesting to
speculate on the reason for the differing levels of enzyme production. In
future Investigations of synthesis and release of extracellular RNases of
U. hordel it would be of interest to investigate the effects of limiting
phosphate concentrations.

The secretion of enzymes by microorganisms leads to speculation as to
the function of such an activity. In the case of Y. sphaerogena, the secretion
of four extracellular RNases, possibly different from all different types of
base specificitles, can lead to the speculation that selection, at least iIn
part, has been acting In the evolutlon of such a partlcular blological feature.
Howaver, to support such a speculatlion one must be able to attribute some
role to the enzymes (l.e. some selective advantage assoclated with thelr
presence) .

Extracellular enzymes are most often degradative enzymes and the view can
be taken that they are ‘''scavenger'' enzymes, i.e. enzymes that make certain

material In the cell's environment usable which would otherwise be wasted.

30
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The inability of U. hordel sporidia and mycella to grow on RNA plus salts
indicates that the RNA and Its degradétlon products are apparently not belng
used as carbon sources. Furthermore, If the RNases of U. hordel did functlon
as scavenger enzymes to make use of any RNA In the culture medlum, they
would probably do so in conjunction wlith phosphomonoesterases (PMEs), for
It Is generally consldered that nucleotides (which represents the final
products of RNase degradatlion) do not pass readily thoough cell membranes;
the phosphomoncesterases, acting at the cell surface to convert nucleotides to
' nucleosides, could thus mediate the movement of RMA degradation products into
the cell. 1In this connection It will be recalled that acid PME activity was
~ detected primarlly on the cel) surface rather than In the culture medium from
which growing cells had been removed.

So far as the parasitic phase of the life cycle Is concerned, it is
difflcult to visuallze any Important function for the extracellular RNases.
While It Is possible that extracellular ribonucleases may contribute In some
speclal way to the success of U. hordel during the parasitic phase, the data do
not relate to the parasitic phase. The success or fallure of RNase-deficlent
mutants would have provided useful Information concerning the role of extra-
cellular RMases during the pathogenic phase: loss of pathogeniclity would have
suggested a vital role, whereas no loss of pathogenicity would havé suggested
that thelr role during the parasitic phase is dlispensible.

In consldering the synthesis and translocation of extracellular RNases,

It Is Interesting to speculate whether the many membrane-bound vesicles seen

In electron micrographs pf U. hofdel sporidla and mycella (personal communication,
Jane Robb and Carla Stein, Or. C. Person's laboratory) have a role In moving
extracellular Riases within the cell to the cell surface. This could be
Investigated by histochemical methods using fluorescence-labelled antibodles

agalnst the purified extracellular ribonucleases. If the vesicles were Involved
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In the movement of extracellular RNases the fluorescence-labelled antibodles
(see Shugar and Slerakowska, 1967 for detalls) should be concentrated In
the veslicles. Likewlse, vesicles which have been isclated from cells
(e.g. by the method of Matile, 1967) should contaln RNase activity.

It is not posslblé to declde whether the fallure to obtaln ribonuclease-
deficlent mutants was due to the fact that no mutants were produced, or to
the fact that the mutaﬁts having been produced went undetected. In favour
of the first of these possibilities is the fact that the total number of
mutations obtalned was small. Under thése conditlons, the récovery of
specific mutants would be Influenced by the relatlve stabilitles of specific
genetic locl. If the change to rlbonuclease-deficlency occurs only rarely
It Is possible ghat the total slize of the mutant sémple was too small to Include
this type of mutant. This point could be clarified in future work by choosling
conditions in which mutagenicity Is enhanced, for example by treating cells
In mld-log phase when they are more susceptible to killing by NG (cf. trial
NG 1V). Studles with bacteria have shown that NG-Induced mutagenesls Is
effected at the region, or '"point'', of DHA replication (Cerdd-Olmedo et al.,
1968). If this observatlion holds also for . hordei, It should be possible to
find a stage, elther in the growth of a culture or In the cell cycle of
synchronlzed cultures, In which even higher ylelds of NG-Induced mutatlons
can be obtained.

In considering the second possibility (l.e. that ribonuclease-deficlient
mutants were In fact produced but not detected), it should be noted that if
the excreted ribonucleases perform an Indispensible role within the cell
before they are released, it s not likely that RMase mutants (Incapable
of forming the needed enzyme) could be recovered. The screening procedures
were, however, based on the assumption that cells deficlent In extracellular

ribonucleases could nevertheless survive and reproduce. The selection of



Riase-deficient mutants is co&pllcated by the fact that there are at least
two and possibly more (as many as five If the enzyme activity shown at

pH 6.5 Is significant) enzymes. The problem of detecting los§ of activity
of single enzymes would be less complicated If the production of two

or more'énzymes were controlled by a single genetic locus, and it would be

a much simpler problem If all extracellular RNase activity were controlled
by a single genetic locﬁs. However, since extracellular RMNase activity

seems not to represent a strictly induclble system, it Is probable that

" the extracellular RNases are not under coordinated control by a single locus.
It was therefore necessary to employ a selection procedure In which
identification of mutants was based on the loss of activity of single enzymes.
The method used In thls study was selectlve only on the basis of pH optima.
RHA-containlng plates at pH 6.0 (or higher) were used to screen for loss of

enzymes with wlde alkall optima (seec Materlals and Methods). But where there

Is overlapping of‘pk optima of different RNases, or where there is activity

of ncnépeclflc diesterases, the method becomes ineffective, and 1t is probable
that these two factors did Interfere with the effectiveness of the screening.
An alternative to this method would be to shift tﬁe pH of the RNA-containing
plates to below 4.0, thus selecting for deflciéncy of enzymes with optims

at pH 5.0 and, at the same tlme, minimlzing the effects of enzymes wlith opflma
at pH 6.5 and higher.,

A second method of selectlon, based on all optima and base speclficity,
had been consldered but because of the Inavailablility of the compound CMC~
p-toluenesulfonate waz not used. The rationale of this method, based on the

A disadvantage of this method, as with the flrst, Is that it does not
ldentify ribonuclease activity on the basls of Individual cistrons and that
definlte and positive results are thus contingent on a multiple nutational

event.
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Table {11l. Selectlon method for detecting extracellular RNase deficient

mutants using a CMC derivative of RNA.

Response to substrate®

RNA CMC=RNA
Deflecliency In
RNase activity pH 4.5 pH 7.5 pH 4.5 pH 7.5
1. Total loss - e - -
2. pH 4.5 loss .
(U, and U.) - +P - <«<<4®
2 3
3. pH 7.5 loss , +4 - <® -

a) + enzyme actlvity present;
~ no enzvme activity;
<+ less activity than when using unmodiflied RNA substrate;
<<+ very much Jess than when uslng unmodifled RNA substrate.
b) U, end U, present.
3] Yy acting at cytidine and adenine.
d) U, and IJ3 present.

e) U, and U3 actlng at guanine..
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The disadvantage of both these methods could possibly be overcome by
agranging to screen for mutants whose survival is dependent on the
capacity for rihonuclease activity. It Is known that the wlld-type
(I.e. non-mutant) strain of U. hordel cannot grow when provided with RNA
as the only source of carbon, But If it were possible to synthesize a
- strain which has a specific requirement for a preformed nucleoside that
could be obtained through degradatlions of RNA (elther by a comblination of
RNase and PME, or of PDE and PME activity), such a strain should be
capable of showing a growth response on RNA-supplemented medium. |If a
positive growth response were obtained, It should then be possible to
select for RNase mutants on the basis of fallure to show the response.

This approach, if it should prove practicable, would thus select for RNase
mutants on the basis of auxotrophy; the auxotrophs would, of course, require
further screening.

The method Just outllined could perhaps be modifled so as to eliminate
the possible Iinvolvement of both PME and PDE activity. The modificstion
would require development of a hypothetical strailn haﬁlng a requirement for
substance "'X'', which could be liberated, through action of lts extracellular,
RNase, from a nucleoside 3'~(X) phosphate. If one were to assume the
exlstence of a system in which RNases U, through to U, (Arima et al., 1968)
were all present, the base specificlty of endonuclesses could then be used
to some advantage slince It would allow for selection, In sequence, for the
Uk’ the Uz and U3 and finally for the U‘ deficlency (see outline of method,
Table 1V). A mutant that Is deficient for U‘ (and therefore for all four
RNases), If one were obtalned, could be used as a parental straln In attempting
to develop, through selection of back mutations, those cultures that remalned
deficlent for specific RNases. As a final modification, it may be possible

to find a compound which, acting as compound ''X'' in this system, would be toxlc



Yable IV. Selectlon schema for the detection of three classes of

extracellular RNase deficlent stralns using model substrates.

Enzyme response’

Model substrate Genotype U‘ U2 U3 Ub .
1. Urldine 3'~(X)P wild n/ab n/a n/a +
" Ub° n/a n/a n/a -
2. Adenosine 3'-(X)P wiid _ﬁla + + +
‘ - - - -
| ! 02 + 03 y/a *
3. Guanosine 3'-(X)P wliid + + + -+

" U, - + *» +

a) + abllity to relecase compound ﬁ;
- {nabliity to roiease compound X,

b) not applicable since assuming absolute base specificlity
as suggested for each enzyme (U, - U, ) by Arims et al.
(1968).
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to the cells following Its reiease by RNase. This would automatically
eliminate all cells excepting those that were entirely deficient in
production of extracellular RHases and those which had become reslstant
to the toxic compound.

The appllication of this general method using a model compound
nucleoside 3'~(X)P Is contingent on the following conditions:

1) that the endonucleases are able to use the model! compound
as an efficient substrate,
11) that the model compound Is stable and can be synthesized
with reasonable ease and therefore In quantity, and

111) that the enzymes have absolute base speciflclity.

The type of auxotrophs which viere obtained In the NG study had been
in many cases previously obtained by Hood (1966) using U.V. irradiation.

The only definlte nucleic acld mutants {i.e. the adenine deficients) obtained
here, were, In fact, the only nucleic acld mutant obtained by Hood. The
mutants with wivitamln requirement were suggested to be elther for nlacin

or for ritoflavin, 0f these two, Hood cobtained only nfacln mutants in his
study., If the HG vitamin mutants are found to be niacin reqqlrlng, they should
be consldered In relationshlip to the hypothesis of Hood's that two metabolic
pathways lead to synthesls of nlacin.

The majority of the mutants are still unidentifled, though character-
Istically all responded to yeast extract; this observation was also made by
Hood for his unclassiflied mutants. Attempts to produce ribonuclease~
deficieﬁt strains of U. hordei should be continued for such mutants would be
useful:

1. to the blochemist Interested In RNases for sequence analysls,

enzymology and evolutlonafy comparisons,

2, to the biologlst Interested in the role, the synthesis and the

secration of extracellular RNases,
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to the genetlcist Interested in the organization of genetic
information and possible controls for the release of such
Information, and
to the plant pathologist for the Investigation of a poés!ble

role of RNases in host-parasite relatlionships.
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SUMMARY AND CONCLUSIONS

Ribonuclease.actlvity was detected in culture medium in which Ustilago
hordel had been grown.  Some evidence has been presented to suggest that
the detected ribonucleasc activity was not due to release from ruptured cells.
Also, . the activity was not due to phosphodiesterases since these were not
detected In the cell-free medlum and only minor amounts were found to be
assoclated with cell surfaces.

The release of RNase (as measured by RNase activity) was influenced by
the cellular enQironment. With complete medium or with minlmal medium enriched
with yeast RNA the release of RNase was delayed. It s postulated that phosphate
starvation wll!l encourage the early release of RNase activity. The pH 4.5
and pH 7.5 RNase actlvity appears to be released concurrently.

The level of RNase activity detected In the culture medium was a functlion
of the cell density, while the maximal level of RNase activity was In turn
determined by the richness of the culture medium,

The detection of RNase activity cannot by itself be taken as an iIndication
that RNases play the role of ''scavenger'' enzymes, since they could do this
only In conjunction with phosphomonoesterases. With the detectlon of acid
phosphomonoesterase activity cn'the cell surface, It Is reasonable to
attribute a ''scavenger' role to the extracellular ribonucleases.

Among haplold cells of U. hordel treated with the chemical mutagen,
nitrosoguanidine, flfty-flve biochemically deficlent mutants were Isolated.
Preliminary screening of these mutants showed that some were adenline and others
vitamin mutants. The remalning auxotrophs,everyone of which responded to a

yeast extract supplement, remaln undetermined as to thelr speciflic requlrement.
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The level of mutagenesis was not as high as that reported with Y.V,
irradiation in U. hordel (Hobd, 1966) so a more extensive study should be
made of optimal conditions for the use of NG in this organlsm. Applylng
the results of such a study and using the selection methods outlined in
the Discussion, it should be possible to produce and identify strains

deficient in extracellular ribonucleases with a satisfactory level of

efficiency.
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APPENDIX A,

1. Vogel's (1956) salt solutlon contalned: 123 g sodium citrate,
250 g menobaslc potassium phosphate, 100 g ammonium nitrate (anhyd.),
10 g magneslum sulphate, 5 g calcium chloride, 5 ml trace element solution
In 750 ml distlilled water with 2 m! chloroform.

2, The trace element solution contalned: 5 g cltric acld, 5 g
zinc sulphate, !'g ferrous ammonium sblphate, 6.25 g copper sulphate,
0.05 g manganese sulphate, 0.05 g borlc acld, 0.05 g sodium molybdate,
. 1 ml chloroform all In 95 ml dlstilled water. Both these solutions were
stored at room temperature,

3. The vitamin solution contained: 100 mg thiamin, 50 mg riboflavin,
50 mg pyridoxine, 200 mg calclum pantothenate, 50 mg para-amlino~benzolc
- acld, 200 mg nlcotinic acid, 200 mg choline chlorlde, 400 mg Inositol

and 50 mg follc acld per one liter distilled water.

4



hé

APPENDIX B.

Flash-evaporatlion of standard minimal medium, from a stationary
culture, to one~thirtieth the original volume produced a syrupy llquid
which affected the column loading and eluting. In futuré attempts to
establish the number of RNases that are released by U. hordel, it Is
suggested that cultures be grown on a glucosé-llmltiné minimal medium,
This would allow for greater concentration of the medium and this provlides

a more definlte RNase actlivity elution profile.



