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SUmARY 

A method fo r  producing la rge  amounts o f  r ing-labeled [ C] 14 

af latoxins using Aspergi l lus parasi t icus cul tures i s  reported. 

Conditions were optimized as t o  mold incubation medium, time o f  

incubation, and 14C-acetate: glucose r a t i o .  The y i e l d  o f  labeled 

a f la tox ins  was 1.2% o f  the [1-'4C] acetate precursor; 60% o f  t h i s  

was a f la tox in  B1 having a spec i f i c  rad ioac t i v i t y  o f  158.5 pCi/ 

pmole. 
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INTRODUCTION 

Af latoxins are a group o f  metabolites produced mainly by several members o f  

the genus Aspergi l lus. 

pounds has created a need f o r  a method o f  preparing [ Cla f la tox ins  f o r  use as 

t racers i n  biochemical and metabolic studies. A number o f  previous studies have 

concerned themselves w i th  t h i s  problem (1-6). but  most had low y ie lds  and/or low 

spec i f i c  a c t i v i t y  products. By employing 3 day o l d  yeas t - l i ke  cu l tu res  of 

Asperqi l lus parasit icus, we have devised a method o f  producing m i l l i c u r i e  amounts 

o f  h igh spec i f i c  a c t i v i t y  r ing- labeled [14C]aflatoxins from [l-14C]acetate i n  

reasonable y ie ld .  

I n te res t  i n  the carcinogenic propert ies o f  these com- 
14 

MATERIALS AND METHODS 

Spores of Aspergi l lus parasi t icus NRRL 2999 ( the  generous g i f t  of D. 

Fennell, R. Detroy and E. L i l l eho j ,  Northern Regional Research Lab., U.S.D.A., 

Peoria, Ill. , U.S.A.) were cul tured a t  room temperature on potato-dextrose-agar 
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slants (10 g dextrose, 200 g o l d  white diced potatoes and 18 g a g a r / l i t e r  o f  

d i s t i l l e d  water) (7) t o  induce sporulation. 

day s lan t  cul tures by covering them w i th  s t e r i l e  water and ag i ta t i ng  w i th  an 

inoculat ion loop. The spore suspension was e i the r  used d i r e c t l y  t o  inoculate 

the basal cu l tu re  media or placed i n  s t e r i l e  v i a l s  which were lyoph i l i zed  and 

stored a t  -2OOC f o r  l a t e r  use. The basal cu l tu re  medium used t o  grow A. paras i t i -  

- cus from spores contained (per l i t e r  o f  d i s t i l l e d  water): glucose, 50 g; (NH4)2 

SO4, 3 g; KH2P04, 10 g; MgSO, 

(SO4j3 * 6H20, 0.3 mg; CuS04 - 5H20, 0.3 mg; ZnS04 

1.0 mg; and MnC12 * 4H20, 0.4 mg (8). This medium was inoculated w i th  10 spores/ 

m l  and incubated for 72 hours i n  a cot ton stoppered Erlenmeyer f lask .  The incu- 

bation was done i n  the dark on an enclosed ro ta ry  shaker se t  a t  100 r.p.m. and 

28 2 1". The mycelia grew i n  white yeast- l ike b a l l s  which were col lected by 

f i l t r a t i o n  through cheesecloth and washed twice w i th  d i s t i l l e d  water. 

Spores were harvested from 5 t o  7 

7H20, 2 g; (NH4)6 Mo7024 - 4H20, 0.5 mg; Fe2 

7H20, 15.0 mg; bor ic acid, 
6 

14 For [ Claf latoxin synthesis the mycelia were suspended i n  f resh  cu l tu re  

medium (adjusted t o  pH 6.0 w i th  H2S04) supplemented w i th  10 mM ZnS04 and [1-14C] 

acetate a t  the concentration indicated, and incubated as described above i n  open 

Erlenmeyer f lasks (9). 

greatest a t  a mycelial concentrat ion o f  0.1 g wet weight/ml ( t e s t  range 0.025 t o  

0.2 g/ml). The incubation was stopped a t  24 h r  (unless otherwise indicated) and 

the mycelia separated from the broth by f i l t r a t i o n  through cheesecloth. Both 

f ract ions were extracted 4 times w i th  an equal volume o f  chloroform: methanol 

(9:1, v/v), using a blender i n  the case o f  the mycelial f rac t ion .  

Prel iminary tes ts  showed tha t  a f l a tox in  synthesis was 

The organic extracts were pooled, evaporated t o  dryness, and spotted on t h i n  

layer chromatograph (TLC) plates ( S i l i c a  GHR-25, Brinkman Instruments, Westbury, 

N.Y., U.S.A.). The TLC plates were developed twice i n  the same d i rec t ion ,  f i r s t  

w i th  diethylether and then w i th  chloroform: acetone (9:1, v/v). This provides a 

r e l a t i v e l y  pure a f l a t o x i n  preparation, as most o f  the contaminating pigments are 

car r ied  close t o  the solvent f r o n t  by the diethylether,  whi le the a f la tox ins  

migrate only durtng the second development. The a f la tox ins  were i d e n t i f i e d  on 



the basis o f  co-migration w i th  a f l a tox in  B1, B2, G1, and G2 standards and by t h e i r  

charac ter is t i c  f luorescent co lo r  under long wave uv i l l umina t ion .  The a f la tox ins  

were quanti tated by scraping the f luorescent spots i n t o  v i a l s  and counting by 

l i q u i d  s c i n t i l l a t i o n  using a xylene-detergent based s c i n t i l l a t i o n  f l u i d  (Sc in t i -  

verse, Fisher S c i e n t i f i c  Co., Pit tsburg, Pa., U.S.A.). 

For la rger  scale a f l a t o x i n  preparation, t he  o r ig ina l  organic ex t rac t  was 

streaked on the TLC plates and, fo l low ing  development, the a f l a tox in  bands were 

scraped o f f  and extracted w i th  chloroform: acetone: methanol : (8:1:1, v/v/v). 

The d r ied  ex t rac t  was dissolved i n  chloroform and quanti tated both by l i q u i d  

s c i n t i l l a t i o n  counting and by absorption a t  360 MI, using E = 20,000 fo r  mixtures 

o f  a l l  four  a f la tox ins  (2) and E = 21,800 f o r  p u r i f i e d  a f l a tox in  B1 (10). 

RESULTS AND DISCUSSION 

Label from [1-14C]acetate was incorporated i n t o  the a f l a tox ins  i n  a near ly 

l i nea r  fashion f o r  24 hr fo l lowing resuspension of 3-day mycelia i n  fresh medium 

(Table 1).  The [14C] from t h i s  precursor has previously been shown not t o  be 

Table 1. Biosynthetic a c t i v i t y  o f  the myceliaa a t  d i f f e r e n t  cu l tu re  ages 

I m u  ba t i on A f la tox in  B1 Total Af latoxinsb Specif ic R I C  Final  
A c t i v i t y  

Time (hr )  l o 6  DPM % y i e l d  l o6  DPM % y i e l d  ( p C i / m l e )  PH 

6 0.55 0.2 0.85 0.3 3.9 1.2 5.0 

12 1.10 0.4 1.80 0.7 6.4 1.9 4.5 

24 1.80 0.7 3.05 1.1 7.2 2.1 3.8 

48 1.85 0.7 3.15 1.1 4.7 1.3 3.0 

aEach f l a s k  contained 20 m l  o f  basal media, 125 uCi o f  [1-14C]acetate, (3.34 

bTotal af latoxins:  B1 + B2 + G1 t G2. 
‘RI: Relat ive morporat ion (spec i f i c  a c t i v i t y  o f  [14C]aflatoxln/specif ic 

uCi/unole) and 2 g o f  f resh ly  resuspended mycelia. Each number i s  the average 
o f  two determinations. 

a c t i v i t y  o f  [ l d  Clacetate). 

incorporated i n t o  the metabol ical ly l a b i l e  methoxy group o f  a f l a tox ins  (12). 

bation f o r  longer periods d i d  not improve the y i e l d  o f  a f la tox ins  and resul ted i n  

Incu- 



A.S. Salhab and G.S. Edwrde 44 

subs tan t ia l l y  lower spec i f i c  a c t i v i t y ,  suggesting tha t  the [ I4C]acetate was 

depleted by 24 hr. These resu l t s  are q u a l i t a t i v e l y  s im i la r  t o  those of other 

invest igators employing both the same and another s t r a i n  o f  A. paras i t i cus  

(2, 13). Therefore a l l  subsequent incorporat ion experiments were ca r r i ed  out 

f o r  24 hr  using f resh ly  resuspended mycelia from 3-day cul tures.  

Addi t ion o f  10 mM zinc su l fa te  to the incubation medium increased a f l a t o x i n  

B1 production by 33% (Table 2). 

t o rs  (1, 5) had reported i t  had a benef ic ia l  e f f e c t  on a f l a t o x i n  production i n  

The ZnS04 was tested because previous invest iga- 

Table 2. E f fec t  o f  zinc and other fac to rs  on the 

incorporat ion [I -l4c]acetate i n t o  a f l a tox ins  
% Conversion of % C onversion o f  

Med i um Acetate t o  Acetate t o  
A f l a tox in  B, Total A f la tox ins  

Controla 0.6 1.1 

'I a t  1/5 normal glucose concentrat ion 0.3 0.4 

I' - glucose + maltose (50 g/1) 0.6 1.1 

'I t 10 mM ZnS04 0.8 1.2 

0.6 1.1 b 
'I wi th  s p l i t  add i t ion  o f  14C acetate 

I' t 10 mM ZnS04 w i th  1/4 normal mycelia 0.5 
i nocul um 

0.7 

I' t 10 mM ZnS04 w i th  1/2 normal mycelia 0.7 1 .o 
i nocul um 

'I t. 10 mM ZnS04 w i th  2 x normal mycel i a  0.8 
i nocul um 

1.1 

aEach control  f l a s k  contained 20 m l  o f  basal incubation medium inoculated w i t h  

Each number i s  
2 g o f  mycelia and 125 V C i  o f  [1-14C]acetater spec i f i c  a c t i v i t y  3.4 vCi/pmole. 
The f lasks  were incubated w i th  shaking a t  28 2 1" f o r  24 hrs. 
the average o f  two f lasks.  

14 
and the other h a l f  was added 12 hrs. l a t e r .  

bHalf o f  the 125 pCi o f  [ Clacetate was added a t  the beginning o f  incubation 

two other A. paras i t i cus  strafns. 

spec i f i c  a c t i v i t y  o f  the a f l a t o x i n  the [ CJacetate: glucose r a t i o  was ra ised by 

lowering the glucose concentrat ion o r  replacing i t  w i th  maltose. Neither o f  

these measures nor administrat ion of the [14C]acetate on a div ided dose schedule 

I n  an attempt t o  increase the y i e l d  and 
14 
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improved yields,  and, i n  fact, these procedures resul ted i n  a product w i th  lower 

spec i f i c  a c t i v i t y .  

To t e s t  whether t h i s  procedure could be successful ly scaled up t o  produce 
14 l a rge r  amounts o f  [ C]aflatoxin, two preparat ive experiments were ca r r i ed  out, 

each using f i ve  500 m l  Erlemeyer f lasks.  Each f lask contained 10 g of 3 day-old 

mycelia f reshly suspended i n  100 m l  o f  basal medium supplemented w i th  [1-14C] 

acetate (55.7 uCi/pmole) and 10 mM ZnS04. The f l asks  were incubated i n  the dark 

a t  28 l 0 C  on a ro ta ry  shaker (100 r.p.m.) f o r  24 hours. The overa l l  y i e l d  o f  

the two experiments (de ta i l s  are reported i n  Table 3) showed t h a t  an average o f  

1.2% o f  the acetate wasconverted i n t o  s f la tox ins  w i th  the major i t y  o f  t h i s  (0.71%) 

Table 3.  Dis t r i bu t i on  and y i e l d  o f  [14C]aflatoxins 

from mycel i a  and broth extracts 

A f l  atoxins ( y i e l  d ,pCi ) 

Ia Broth 824.0 0.41 103.4 0.05 268.3 0.13 142.0 0.07 

Mycelia 495.8 0.25 99.8 0.05 159.4 0.09 94.6 0.05 

Total 1319.8 0.66 203.2 0.10 427.7 0.21 236.6 0.12 

IIb Broth 705.5 0.43 101.5 0.05 183.0 0.10 128.0 0.06 

Mycella 564.1 0.34 148.6 0.09 328.1 0.20 203.8 0.12 

Total 1269.6 0.77 250.1 0.14 511.1 0.30 331.8 0.18 

'Starting material:  200.9 Mi o f  [1-14C]acetate (7.2 mM). 

b f t a r t i n g  material:  164.5 nCi o f  [1-14C]acetate (5.9 mM). 

being a f l a tox in  B1. This y i e l d  i s  higher than t h a t  reported by most previous 

investigators, i n  p a r t  because they frequent ly had no t  extracted the mycelial 

f rac t ion .  The organic ex t rac t  was streaked on TLC plates and p u r i f i e d  by the 

dual-development method described above (diethylether fol lowed by chloroform: 

acetone, 9:l,v/v). The radiochemical p u r i t y  o f  the p u r i f i e d  a f la tox in  B1 was 

greater than 97% and i t s  spec i f i c  a c t i v i t y  was 158.5 pCi/vnOle, a value which 
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remained constant (2 1.5%) through two fu r the r  TLC p u r i f i c a t i o n  steps employing 

other solvent systems. This 2.85 f o l d  increase i n  spec i f i c  a c t i v i t y  o f  the 

[14C]aflatoxin B1 over i t s  acetate precursor i s  32% o f  the theore t ica l l y  

achievable value, as [l- Clacetate has been shown t o  labe l  nine o f  the a f l a tox in  

r i n g  carbons (11). 

14 
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