o materlal much superlor to the Wldely used: pure gLucose

- Zunmer (1945) hav J

 THE ULTRAVIOLET-INDUCED VARIATIONS IN
‘ASPERGILLUS TERREUS, THEIR MORPHOLOGICAL
' CHANGES, AND THEIR PRODUCTION OF
ITACONIC ACID FROM MOLASSES®

 Tune C.Y. Tsao®, Tin-cHIA HUANG, SHIRLEY CHU GHUA Su®

(Received Febm?d,l%l) :

‘ l»a a prevmus mvestlgatlon molasses was fermented with Aspergzllus terreus, o
NRRL 1960 for the production of itaconic acid under wvarious conditions of pH k
ralu s1zes of moculum time of fermentatxon, nitrogen and magnesmm supplles ,
(Tsao and Su, 1961) It W eported that when all were under the opt\mum

'cond.itzons for Aspergzllus terreus, molasses Was an excellent carbohydrate raw

It occ:urred to the . iny 'stxgators that an ultravwlet nduced var:ant of

g‘s bemg equal mlght mcrease the YIGId: of itaconic acid production

‘ %’V,from the molasses

It has Iong been known that vartants can’ be mduced in ezther bacterla orﬁ_ e

‘fung1 by suitable exposure to ultravmlet or X-ray rad1at1ons Hollaender and
Claus (1936), Hollaender and Emmons (1939 and 1941), Emmons and Hollaendere

, (1939) Hollaender, Raper and Coghﬂl (1945) Lockwood Raper Mayer and ',k f‘ .
‘ “,Coghﬂl (1945), Hollaender Sansome and Demeree (1945) and Hollander and’j

»vmed thlS statement .
k Hollaender and many of hxs coworkers studymg on Escherzchza colt (1936)V
,Dermatophytes (1939), Pemczllmm notatum (1945) and Aspergzllus terreus No. 265 -

(1945) have Well estabhshed the fact that monochromauc ultravmlet radiatxon' o

'of 2280 to 2962 A is an efﬁment means of producmg mutatlon Hollaender et ale '

(1) Contrlbutlon from ’l‘alwan Provmc1al Cheng Kung Un1vere31ty, Taman, Talwan. :

(2) ‘Professor, TPCKU, who wishes to. express her thanks to the Natlonal Councﬂ of
~ Science Development, for the support of this mvest:gatxon , , :
3y Instructor and former a551stant, TPCKU : :

1
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- have also described the cultural and morphological characteristics of the muta-

i tior‘ls,‘and the physiological and biochemical characteristics of the ‘mutants of_'
Aspergillus terreus No. 265. Itaconic acid prOduction/from glucose ‘and. other

necessary morgamc 1ngred1ents was found in varying quantities from mcreased ,
to nothmg by the mutants which Hollaender and his coworkers had 1solated

from 1rradlated Aspergillus terreus. :

Although genetlcal analysis can not be determined here, it is certain that
different types of variation can be induced by the ultraviolet radlatxon on
different strain of Aspergzllus terreus, and that these variants will have varying ‘
~ degrees of mOrphologioal changes ‘and biochemical changes. in-the production of
itaconic acid.’

The present paper deals with the results of the authors’ investigation on
the productlon of ultraviolet-induced variations in Aspergzllus terreus, NRRL
o 1960, thelr'morphologmal changes, and‘thelkr, production of itaconic acid from

molasses.

Experimentation and Results

The MICYOOrganism: o : , :
The Aspergzllus terreus used in this 1nvest1gat1on was the strain No. 1960 ,
indirectly obtainéd from the Northern Regmal Research Laboratory, Peorla,
' Itinois, U.S. A. and was used by Lockwood and Ward (1954) as well as:by the '
authors in the prekus report (Tsao and Su 1961) for the productzon of 1tacomc '
aCld from molasses. This A: terreus NRRL, 1960, seeded upon Underkoﬁer s
‘(1955) agar slants ,Was ~ 1ncubated,for 12 days at 30°C, Themoculated cultures
‘were white woolly at first and became yellow brown in about eight days from
the production of abundaht conidial heads. After ten days, the spore produétion .
was heavy, and the cultures became cmnamon brown. » ' ' .
k The spores were Washed off in sterlle water in the proportron of about 1
: to 100 by volume in a bacteria- free box; the suspensmn was shaken ina culture
: : ube vzgorously by hand, ‘and ﬁltered by ster1llzed ﬁlter paper The resultmg;
umform suspensions were used for 1rrad1at1on The number of spores Was'
determined in-a blood counting chamber For the first irradiation experiment,
it was 5:2X%10°. spores per ml, and for the second, it was 2%10° spores:per ml.
Source of Ultraviolet light: , ‘ ‘ L o
An ultraviolet lamp was used for irradiation phrpose. It was'of short wave,

wavelength’ 2537 A, 'meroﬁr’y qoartz; type, Model V=41 mirieralight, nianufactured
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by Ultra-Violet Products, Inc. For this wavelength, each photon has an . energy
of 7.81%x10-® ergs. According to the catalog the intensity of ‘_this' lampis 217
2w (mlcrowatts) per square centimeter at a distance of 1 foot. When aSked,
the manufacturer wrote back that the intensity was also 106.2 ‘microwaits per =
square centimeter at a distance of 18 inches.: The “distance we used in this
investigation was 7.75cm (3 05 m) The var:atlon in ‘the  intensity with the
distance of - the ultrawolet lzght can be estxmated by a diagram  given by
~Hollaender (1956) in his Radiation B1ology When this is' done it should be
1.35 uv watts per square foot, or 1.255% 10*° #W which is equal to 7. 53><105 :
ergs mm“1 cm~?at a dlstance of 7 75 cm. i

Irradiation techmque L o

The experiment was carried out in a ‘bacteria free box. The emerging
monochromatic beam was concentrated on an open exposure cell (dlameter 9cm))
which contamed the carefully prepared suspens1ons of spores in a depth of 1.2 cm.
The distance perpendlcular to the liquid surface from the source was an aver-
age-of 7.75 cm. (9cm to 6.5.cm) The spores in - sterile water were -stirred by
magnetic strrrer during lrradlatlon, so that on the average each spore-was
exposed to an equwalent amount of light energy. ‘Before'and durmg the process
of lrradlatron equal amountsof samples (0.01 mlvfor the ﬁrst'1rrad1at1;on experi-
‘ment and 0.05 ml for the second experiment measured and diluted with a blood
_ pipette) were removed at intervals of 10 minutes begmmng from 60 mmutes to .
120 minutes for platmg on Underkofler’s medium. Preliminary  experiments
carried out under the same conditions had found that the spores of the strain
of A. terreus used here were quite resistant to the ultraviolet radiation within
one hour. of eicposure The ‘temperature in the spore suspension during irradi-"-
ation was found to be 28°C- initially. Magnetxc ‘stirrer generated some heat
So-at the end of ‘the experiment the temperature rose to 31°C. Practxcally no
ultraviolet light can be lost by transmission through ordinary glass. But whe-
ther the energy put in was »cyompletely absorbed by the spores 'is diffecult to
say. Stable or unstable substance (Hollaender, 1956) such as‘ hydrogen peroxide
or other mutagenic substances might have been formed in the medium and
thus play a role in the variations we found later. However, it might not make
too big a mistake by: assummg that the total mmdent energy, all concentrated -
- on the exposure cell, dwxded by the total number of ‘spores, should give ‘the
average energy acted on each spore. , ' )

To calculate the energy, &, requ:red to inactivate a smgle spore, 1t should
follow an equatlon (Hollaender 1936):

k—dN/dE—l/e-Ny, e e h e -
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Where —dN is the decrease in the number N, of v1able spores 1n the
suspensmn and /.c 1s the average fractmn of the total energy, E absorbed by
each spore. ’ ,

If we re'oresent the total number of spores by NT, then for a suspensron in
wh1ch practlcally 11} energy is lost by transmission,

‘ uNT_ ................. e @ ‘

The survwal ratlo, N/No, can be obtamed by mtegratmg (1) after u 1/NT :

= is subst1tuted Thus

e o
,_g_fer"r R S o 3)

Where No is the number of v1ab1e spores at E=0.
. The calculat1on is made as follows: *

- Total energy of the lamp at a dlstance of 775 cm= 753><105 ergs mm‘1 ‘
cm‘2><area of the lamp Wmdow (6><65 39 cm2) 29?>6><107 ergs mm‘1

The total volume in the exposure cell ' was (-——)2><7r><1 2=76.354 ml It con-

tained 52X 105 spores per,ml in the ﬁrst experzment,r and 2.0x10° spores per

~ml in the ‘sec'ond‘experiment _Therefore, the total numbers of spores in the

’ [cell Were 5I2x 10°% 76:354=3. 97 x 107 spores, and 2.0%10°%76. 354 1.53x% 107 spores

respectwely. The energy ;received per spore per,, mmute— 23? ggii& —0740

k' ergs, and %—1 A18 ergs in the ﬁrst and second experlments re-

Tspectwely To calculate the energy recewed per. spore in 60 mmutes, Would

o _only need to mult1ply the above numbers by 60 So 0740>< 60 444 ergs

recelved per spore in 60 mmutes This glves E/NT in equatron (3) for Ay in o '

' Table 1. The rest were calculated in the same manner.

’ Treatment and reSults after incubation: ,

: The colomes were exarmned and counted after an mcubatton permd of 3
to 5 days at 30 °C.. The number of colonies in control gwes No, and those of
all others g1ve N. After counting, certam sectxons of the control and 1rrad1ated
colomes were 1solated and transferred to agar slants for further observation.

and 1noculat10n The percentage of survival, N/N0><100 Were calculated and
 the types of varlatlons were determmed by examination and companson of

‘their morphologrcal appearances. thte woolly is cons:dered as normal; others
are mmphologlcally d1fferent vartants “‘The latter when d1v1ded by Ny ~and
multiplied by 100 gwes the percentage of varlatlon The mactwatron energy

e is also calculated accordmg to equation (3). The results of the two experlments
are reported in Tables 1 kand 2. '
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Table 1 First Experzment Number and types of varxatmns mduced by the
ultravmlet 1rrad1atlon wavelength 2537 A, concentfatzon
5.2% 105 spores per ml, mcubated at 30”C

s (e , Energy '
- Ex-® No. of ! Lo (1;10/(1)\)10/ : % '.E,n'ergy/ of in-
Xp. - fposure: Sy : : X %\ -vatri-lin  ergs/lactiva-
marks | time, (cé’ lc?;ls o : Colony‘ type survivall: ation | ‘'spore [tion (8)
SRR (min.) ysh: : (5 days)|(5.days) (E/NzY| ergs/
; 3 : i G Spore
Sopgrol 0| 26| Normal abundant white woolly| 100,00 of o o
AL |60 1 three layered flower like | 1,05 | 1152 444 205
3|2 greenish with whlte : ‘
: surroundmg ’
A 60| 2| 1 big white | 69| 7eo| wma| 173
' 1 small,red'exudate.ff" o : .
B, 70| 2| allwhitewoolly | 769 0| 5L8| 202
B, | 3| 1Dbig white long woolly | 1152| 38| 518] 240
2 small white woolly : : g ‘
G | 8| 1| chalk white woolly. - 38| 38 592 182
Gy 80 3| 1 white-yellow woolly o '1.,1.52" 7.69 592 273
2 small dark ones ‘ | o . - l
D | o 3libvigdak | us| us2] es| 208
o b small greenish Lol i
1. white fpinkish' woolly
 layered flower-like -
D, | 9 3| allgreenish 1152 | 1152 666| 308
E | 10| 2| lomallgreensh | 79| ss4| 70| ms
‘ 1-small white woolly . ;
E | 100 2| 1 small greenish | 769| 384| v7a0| o288
o 1 small white woolly ' :
Fy 10| 1| greenish . 384 384 84| 250
Fy | 110| 1| black green : | 384| 38| s14| 250
Gy 120 | 1/ 1 big black | 38| 3m| sss| w2
Gy | 120] 1| Icreamish exudate | 38| 38| sss 272
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“Table 2. Second Experiment. Number and types of variations induced
by the ultraviolet irradiation, wavelength 2537 A, spore concentration
' 20>< 10% spores per ml., incubated ‘at 30°C. ' B
) R -] Energy
B Ex- ) Nolof . (N/l\y) % Ener’gy/ of in.”
~Exp..['posure v . % 100%)| vari- |in ergs/ activa-
marks | time, . (Cé)lé’;l:? Colony type survival| ‘ation | spore-|tion (&)
{min.) ay (3 days)|(8 days)|{E/Nx) | ergs/
spore
H; |control 193| ~All ‘white woolly 100 0 0 0
Ay " 60 9| 1 big green inner layered 466 | 466 51| 217
3 exudate
<5 gmall green
A 60| 7| All small green 363| 363| 1| 258
A 60 10| All small green 518 | 518| 81| 288
B,/ 70 1L 1-big White long ‘woolly" +8.70-| 570 99.3 .- 34.6
10 small green '
LBy | 70| 20| 1 big light green 1035 | 1035 | 993 | 432
19-small green ones ,
Byl 70 8 |6 small white ones Al 3.63 99.3°| 7 3L2
: -1 -white woolly
1 yelloWiéh
oy 80 4| All small light green 2.07 | 207 1134 293
Gy 80 1 three-layered inside green, 7.25 | 7251 1134 432
. e outside white ' :
14711 -two-layered, black inside,
white outside
12 ‘small green ones
Cyo 80 17| 8 two layered inner green ’ 8.80 8.80 1134 467
‘and white outside : :
14 small light green ones
D/ 90 9| All small green 466 | 466| 1278| 424
D 60 5.1 1 big white long woolly with ‘ L
, black. spores inside 2.59 2.59 | 127.8 34.9
4 small ‘green ' ! :
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Dy’

90

10

1 big white long woolly
5 small green

4 small white (3 exudate)

5.18

5.18

127.8

Elr

100

All small green

311

311

141.8

41.0

E,’

100

17

1 big green
2 white woolly
2 white exudate

12 small green

8.80

77

141.8

58.3

Ey’

100

27

2 big white long woolly

25 small green

1.40

1.40

141.8

33.2

F;'

110

7 small green

2 big white pinkish woolly -
flower-like

4.66

4.66

156.0

50.8

Fzy

110

10

1 big with white color in
outside layer

9 small green

518

5.18

156.0

52.7

Fy

110

1 white layered flower-like

1 exudate

1.035

1.035

156.0

G/

120

48

45 minute small exudate

3 dark:green layered

24.86

24.86

170.1

125.0

G

120

13

1 big white creamish woolly
layered

12 small green

6.74

6.74

170.1

63.0

Gy

120

6 small green
1 big white woolly

1 very big with inner black
outside white :

4.14

4.14

1701

53.3




Botanical Bulletin of Academia Sinica Vol. 3

The following Plate I is representative figures of the variants and the

control of the first experiment showing the growing appearance after 7 to 12

days:

Plate 1.

control.

*¥¥ 7 days
old.

##% 12 days
old.

Explanation
Fig. A,,
Fig. By,
Fig. Gy,
Fig. H,,

The representative figures of ultraviolet-induced variations of A. ferreus and

of the figures:
Ag,
B,,
Gs,
Ha,

both received 60 min. exposure of the ultraviolet irradiation, 2537 A,

both received 70 min. exposure of the same radiation.

both received 120 min. exposure of the ultraviolet irradiation.

These are the controls of the parent strain which did not receive any

radiation and which appeared normal and white woolly.

##* These photographs were taken at 7th and 12th day.

Notice the same corresponding ones grew bigger in sizes, and new small ones developed

after 5 days and within 12 days’ incubation, showing delayed germination of many

spores.

£+
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. Discussions: : ,
The ultravrolet energy used in these exprlments shovved an average krllmg .
and depressmg rate of over 959 within 3 to 5 days. 'The lethal effect seems '
to be rather erratic mstead of a lxnear function of the exposure ttme. It rmght :
be due to the insufficient number of runs so that no statlstrcal result could be
evaluated So is the rate of survival, which is only less-than 5% as a total in .
3 to 5 days. : , S
However one thing is almost ‘certain that those Whrch survrved Were mostlyv '
. induced variants.: The morphological studies revealed the fact that generally
- after incubated at 30°C for 12 days, nearly all colonies developed plgments, '.
‘mostly greemsh some yellowish, and some reddlsh Some showed delayed
'germmauon, others differed in rate of growth, Some bore heavy spores, thle
~still others seemed to be sterile, producrng no or very httle spores o
From Table 1 it is seen that the ledst amount of the energy of 1nact1vat10n, .
e, is 17.3 ergs per spore for A,. Since each photon contains 7.81x10-12 ergs :

173 ergs/spore -
7.81% 107 ergs/photon

then
if all the energ1es are completely absorbed each spore requrres at least 2215X'

10%2 photons to mactrvate In another words, ‘each photon can only 1nact1vate

W spore Here it shows that the 1rrad1ated energy may not all be’
‘ absorbed by the spores Part of it may be absorbed by the surroundmg medrumr

Morphologzcal changes of the varzants.

Many of the ultravrolet-mduced varlants of 4. terreus morphologrcally
: appeared s1m1]ar, so-only a few representatrve types, namely, Ay, A.g, Cl, Dl, Es
. Fy, By, and G, from the ﬁrst expenment and Bg, ClC Dz’, B! B G/, and ,
Gyl from the second experrment together’ with control H1 were each isolated

~ outand transferred or subcultured to agar slants of Underkoﬁers medrum :

These were examrned da1ly Whrle 1ncabated at 30°C. After 12 to 20 days they

~were second time subcultured to agar slants and mcubated at the same temper-

' ~ ature. The results of the:r characterrst:cs and morphologrcal changes .are :
;reported m Tables 3 and 4. M1croscoprc exammatrons ‘were also done ‘to the’

- first subcultures. “Care was taken each t1me during transferrrng, to “avoid’ con-": "
tamination. ' ; L 7 - |

Their representatwe photomrcrographs showmg therr growrng condmon : -

wrth their comdral heads, if any, are shown in plate IL

i'¥=2.215>‘< 1(‘)1'2 photons per spore. 'l‘hat ”means""
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Table 3. Characteristics and morphological changes of ultraviolet
induced variants of ‘A. terreus :
(from first experim‘ent)‘ o
] Type of colony, isolated and ‘subcultured o
Exp. E);?&S;Ire 1’st subcultured from | 2’nd -subcultured from
marks (mnin.) isolated from .16 days 16 days .old spores 20 ‘days. old agar slant.-
. old irradiated spores (after 20 days incu- . |(observed after 12 days
: bation) incubation)
coII_IItrol =0 white normal woolly, | normal and no no change
, t after 6-8 days, change -
turned vellow with
spores
Ay 60 light green-abundant | light green colonies no change
spored colonies abundant spores- ‘
Az 60 white ldyered hig white color changed light yellow feathery,
“ flower-like’ colonies to light yellow.. - | still-no spores '
no spores after 20
days ‘
Cy 80 chalk ‘white colonies chalk white changed ‘no-change
: ' to yellow feathery,
“but no spores.after
20 days
Dy 90 white pinkish, layered| - pinkish color yellowish pink
- ~woolly ‘flower-like changed to dark mycelia, dark base
colonies purple With'dark. red | - with dark spores,
spores almost no change’i
Eq 100 yéllow spored green mycelia became light |  no change
colonies green with yellow
' spores”
Fi 110 white creamish woolly| -creamish color changed| beautiful red ‘purple
layered big colonies into dark yellow and | Color with some yellow
. . white mycelia, some
red, with abundant reversion to -parent
spores type :
Fa 110 black green short black green became dark purple mycelia
colonies purple green with and spores
black spots-at the base
Ge 120 dark green layered still dark green with { no change
colonies with black abundant green
base spores, black base

ks

%‘
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Table 4. Characteristics and morphological changes of ultraviolet
induced variants of A. ferreus

(from second experiment)

Type of colony. isolated and subcultured

Exposure v
Exp. - , 2'nd subcultured from
mark: (;Iil’:le) isolated from 20 days lzgt dzugcg%guichlt‘golrg 16 days old agar slant
y irradiated spores da Ss, incubation) (observed after 12 days
¥ incubation)
control 0 white normal woolly normal and no change; no change
H,
turned yellow with
spores
By’ 70 light pretty green, light pretty green no change
abundant spores abundant spores
(o 80 yelldw spored green still yellow spored no change
colonies
Cy 80 light green abundant light green with green| no change
spored colonies spores, some tan
colored - spores
D' 90 dark green .and black| dark green and black| no change
spored colonies spored
Y 110 white pihkish layered | dirty brown pigment | all dark dirty green
woolly flower-like green spores, black spores some black
colonies base base
Fy' 110 white thin layered dirty white scale-like | scale-like hard
flower-like big " thin colonies with no| colonies, no spores
colonies spores
Gy 120 black green layered black green colonies sc;me white layered
colonies abundant spores black green colonies,
aboundant spores
Gy’ 120 white creamish white. creamish hyphae in tan color,

woolly layered big

colonies

woolly layered

very little spores
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Plate II. Representative photomicrographs of the ultraviolet-induced variants produced
in the two experiments:

Explanation of the figures:

Fig. H, H was the parent strain, Aspergillus terreus NRRL, 1960 and had the normal
hyphae, conidial heads and spores.

Fig, Cy, C, was irradiated for 80 min. and became chalk white, but no heads or spores
could be found.

Fig. G;, G; was exposed 120 min. and had well formed abundant conidial heads and

spores.

Fig. Fy', Fy' received 110 min. exposure, and had scale-like hard colonies showing no
spores.

Discusstons:

It is seen from the Table 3 and 4 and Plate TI that although the spores
were ultraviolet irradiated with the same amount of energies, the variants could
be widely different in characteristics and morphological appearances. They
also differed in developing pigments. Sufficient and equal amounts of energies
make them changed, but not necessarily to the same degrees or to the same
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types. Both A1 and A, have been 1rrad1ated 60 minutes but Al is a hght green :
strain with abundant spores, while A, is a white layered ﬂower like: strain Wlth k

fine feathery yellow1sh hyphae, but bears no conidial heads and no spores Fl, o -
110 mmutes 1rradrated is a white creamish woolly layered fast: growmg strain, .
later developed mto dark yellow and purplish hyphae with abundant spores, G

while F,, lrradzated at the same. length of time, is a black green short strain,

later developed purphsh green. with black spots at the base G and G, 80

wkmmutes irradiated, both seem quite stable, but the former is yellow spored and
the latter is green spored.  Fy! and Fy' have received: the same 110 minutes '
ultraviolet radiation; but the former has dark dirty green spores, while the,
latter ‘hecomes scale-hke hard colonies with 1o spores at all.: ,

- On the other hand even though the time of irradiation was dlfferent srmllar '

i strams of var1ants could be obtained. For instance, C,. irradiated 80 mmutes

-and A, only 60 minutes are both hght green Wlth heavys spores and are bcsth» .

quite stable. - ,
- Also, some ultraviolet- mduced variants have growth rate much faster than

the parents, resultmg in unusually b1g size coloniés from smgle spores, suchj , f
. as A, F and G, Mlcroscoprc exammatrons revealed that F; and G,/ grew sof‘ -

fast that their conidial heads broke into loose spores almost as qulckly as they

‘were formed and that Ay grew almost ent1re1y by cell d1v1sron into. ﬁne struc-' o

tures without spore formation. ,
A Pigments may even fade after incubated for some time like F;, and Fy!
evei became scale«hke hard colonies without sporulatron Reversion: to parent'
strain seems to occur after second time subculturing like Fy; and second cultures
may change to. the more stable type like Fl’ to G,. . ‘

All these points show ‘that var1at10ns are ultravmlet induced some what
by certain probability. | Photons must be absorbed in order to produce a change.

They may be caused to hit and be: absorbed at different points of the genes so k -

that a variety of mutagenetic changes can occut. Also certain partlcular points
of the genes may be more susceptible to the ultravrolet photons of the wave-

“ length 9537 A than other ‘points, so that similar variants can be produced. Tn -

another words, the probab1hty of energy absorptmn at different’ pomts in the' :
make up of the genss can be very different but also may be the same. Of
course, there must also be a possibility of injury of some parts of the gene by
the 2537 A ‘photons so that a’ complete sporulatton is made 1mposs1b1e, while
the fungus may still survive for a certam length of time, ‘ '

‘ rThe biochemical properties of the ultraviolet-induced variantsétheir L
productlon of itaconic acld from molasses :

The ch1ef theme of thrs 1nvest1gat10n is to develop a stram of Aspergzllusf ,
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~terrveus NRRL, 1960," so that a better production of itaconic acid can be obtained
, ,from ‘molasses. ‘Therefore, after a number of the. ultraviolet-induced variants
“have been produced, and their characteristics and morphologlcal changes studled o

: the lmportant work is to find out therr ab1hty for itaconic acid production.

" “The optlmum conditions of fermentatjon found by ‘previous in restlgatlon T

' (Tsao and Su) were followed so that a comparison could be made.
A serles of cultural ‘solutions contammg molasses, 200 ml/ 1 and other

: necessary nutrlents, MgSO,- 7H20 2g/ 1, and: (NH4)2SO4 2,67 g/1 were made. pH

e Value was adjusted to 1.8. The solutlon then was d1v1ded into 100 ml pér culture

in 500 ml special Erlenmeyer ﬂasks After ster:hzatmn in the usual manner,w

these: cultural solutions were inoculated with controls as well as with the few
typICal ultraV1oIet mduced variants, Then they were stibjected to submerged

' aer1a1 fermentation on an electric shaker at 26:\:3 C After ten days, the myceha

from each culture werb’ ﬁltered ott, dr1ed inan oven and’ Welghed The fermen:
: tatzon hquors were analyzed as (T'sao and Su) for 1tacomc acid by the method
of Friedkin (1945) and for  the glucose by a mod1ﬁed method of Shaffer -and
Somogy1 (1933)

The results are reported in Tables 5 and 6

_'ramé 5. Effect of variants'on itaconic acid productiori‘, from molasses.

s glucosea "it‘aco“nie g 2 yield - : mycelium
- -variant| i - “iconsumed| acid based on‘'{based on | wt,
" No. colony type - produced | glucose | glucose | -
: g/l g/l consumed) supplied g/1
5 S : R SR (a) * : T
corﬁtrol normal white woolly 504 | 166 | 452 | 329 | 437
A, | lightgreem | 512 1 185 | 497 | 362 | 47e2
Ay | white layered flower-like 02 | 128 | 31 | 265 | a7
G| chalk white o483 |oarr | 504 366 | 6499
Dy | white pinkish layered 497 | 182 | 504 36.6 7419 -
< o] woolly flower-like B : L s -
E Yenow spored | 518 | 11 | sa | w2 | 729
_ F, | white creamish woolly a5 | o170 | a2 | osaa | sz
i ~~Iayered ; S : ,' g S g FLE
F, | black green : 505 | 173 | 471 | 343 | 5026
Gy | dark green Iayered with 1 5'0.0‘\"' 168 | 461 | 336 :v‘,5.'8;35
~ b oblack base [ 0 A . v :

*:(a) Based on glucose consumed (assummg -1 mole glucose ylelds one mole itaconic ac1d)
E (b) Based on glucose supphed (g 1tacomc acxd produced per g. ‘glucose supphed)
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Table 6. Fffect of variants on 1tacon1c ac1d productlon from molasses
g s T , s
: . ] glucose itaconic ‘ y1e1d i mycehum L
variant|. : . consumed| ~dcid basedf on |based on | wt
No. colony type produced | glucose | ‘glucose: |- = =
~ g/1 g/l consumed supplied | ,g/ 1
: ~*a) *b) ol
- control normal white woolly .- 545 .1 158 :39.8 -29.2° 003795
By’ | light pretty green 545 | 160 | 403 | 204 3247
it | yellow spored: 555 | 16 | as6 | 87 | 364
Gy | light green | os5 | 161 413 | 305 4125
D | dark green black ground 52 | 156 | 396 | 288 | 3705
SR white pinkish layered 54.0 162 41.2 ; 30,0+ 3.'595" :
: ; woolly flower-like ; ;
oy "whlte thm layered ﬂower- i ', 54.0 : S 168 42.’8 : : 311 i 4091 S
: like : : . ’ ; : o
" G .| dark green layered 543- | ‘159 402 203 | 3930
Gy’ | white creamish woolly ;54:4‘ | 1590 b 402 | 203 | 4o
layered : :

*(a) Based on glucose consumed (assummg 1:mole glucose yields 1 mole itaconic ac1d)
i (b) Based on glucose supplled (g. 1tac0n1c acid produced per g glucose supphed)

Dzscusszons‘

From the results reported in Tables 5 and 6 we understand that all the
17 types of ultrav1olet mduced Varrants produced 1tacon1c ac1d from molasses
Th ‘general, most varzants prouced more ac1ds than the umrradzated parent stram :

of Aspergillus terreus NRRL, 1960, W1th only two strams, Az, and Ez, deﬁnltelyu ,’

~ less acid than that from the parent strain, and with Ay, Dy, and C, as Ieaders in
~ the producing of 1tacomc acid. ‘The questron whether the fast growmg typesé-‘ ”

kwould produce more acid, is difficult to say. Tt is very hkely that way but

there is not without exception: - Also Whether the morphologically similar types e
from the two experiments would produce the sanie amount of acrd it is very

probable Even the strains Fy! and C; which did not seem to sporulate, produced :
more acid than the parent So as long as the ultravwlet-mduced variants areﬁ
growmg in the molasses, they seem to produce 1tacomc aCId There is:no
: relatzonship between formatron of spores and productron of acid in thelr b1o-
~ chemical property Further 1nvest1gat1on perhaps would be able to reveal ‘more
' truths oh these 11nes . F é

Summary

The method for the ‘production of vartatlons in Aspergzllus terreus, NRRL" '

; ;1950 by the ultrav:olet radiation is descr1bed
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Wlth the energy of the short wave 2537 A ultravmlet radiation in a per1od
of one hour to two hours exposure over 95% of ‘the spores from the parent
' stram are found killed or depressed and only Iess than 59 in the average
o surv1ved within 3-5 days
Nearly all the spores survived after the 1rrad1at10n are changed
Seventeen ‘morphologically dlfferent types of variants are isolated, mcubated :
: subcultured and mlcroscoprcally studied. :
The probabzhty of how these var1ants are induced by the energy produced
by the short ‘wave ultraviolet radiation is d1scussed :
, In general the ulturaviolet- induced variants produce blochemxcally more ﬁ
; 1tacon1c ac1d from molasses than the un1rrad1ated parent strain,

ﬁ%'%e— ASPERGILLUS TERREUS 28 RE

/\ PN

35- .@ im{%&ﬁlm%’/ﬁgéi Itacomc Bk 2 BT
o % # k’z‘_,‘ﬂﬂ ' .n%i ;g'

z[:;‘c?ﬁﬁ)fﬁﬁgﬂ-ﬁﬁﬁﬁ Aspergzllus terreus, NRRL 1960 ﬁﬁiﬁﬁZﬁ& °

HRRTIACL T FURSARI R 2537 A 2ots ee~§nweeeneﬁfwee
2N RIS ) B BT RSB A2 o

 ERNEERREEE SRR o , |

+eﬁ%ezeam’aeee » AR - eﬁ,u&eeeerm%o?
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