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t ime  for appearance  of growth was two and a half  t imes  
as long as t h a t  o f  the  control .  The  spore fo rmat ion  was 
also retarded.  5 days af ter  incubat ion,  mos t  of the  spo- 
rangia  in the  t rea ted  fungi  were stil l  whi te  in color ,  
whereas  those of the  control  fungi  were a l ready ma tu re  
and black. The  grovrLh and spore format ion  of A spergillus 
niger, Botrytis Alli, and Alternaria sp. were also re ta rded  
by  102 m m  Hg. The t ime  for appearance  of growth was 
increased a t  this  pressure. Control led a tmosphere  of 2.7% 
oxygen  and 97.3% ni t rogen (646 m m  Hg) has less effect  
on the  growth  and sporula t ion of the  fungi when com- 
pared wi th  those of suba tmospher ic  pressure of 278 m m  Hg  
and 102 m m  Hg. 

Sub-a tmospher ic  pressure s torage is a t ype  of control led 
a tmosphere  s torage "with emphasis  on reducing the  pres- 
sure exer ted on the  s torage mater ia l .  Control led a tmo-  
spere (CA) is the  t e r m  used for the  increased carbon 
d ioxide  and decreased oxygen  as compared  to normal  
a tmosphere .  The  CA storage is employed  commerc ia l ly  to 
lengthen  shelf life of fresh produce by  re tarding resp i ra tory  
metabol ism.  As far as f ru i t  s torage is concerned, sub- 
a tmospher ic  pressure t r e a t m e n t  not  only reduces oxygen  
concent ra t ion  bu t  increases the  diffusion of e thylene f rom 
the  tissues of the  frui t  and consequent ly  ex tend  the  
s torage life. A control led a tmosphere  of high carbon 
dioxide and low oxygen  is known to inh ib i t  the  growth 
and sporula t ion of cer ta in  fungi  ~,4. However ,  the  sub- 
a tmospher ic  pressure t r ea tmen t s  employed  in this  s tudy  
conta in  only t race a m o u n t  of carbon dioxide. The  oxygen  
par t ia l  pressure of the  control led a tmosphere  (2.7% 
oxygen) is equal  to t h a t  of 102 m m  Hg  t rea tment ,  while 
the  effect of control led a tmosphere  (2.7% oxygen) on 

inhibi t ion of growth  and sporula t ion of fungi  is less t han  
t h a t  of 102 m m  Hg  t rea tment .  This indicates  t h a t  the  
inhibi t ion of the  fungi  growth by  sub-a tmospher ic  pressure 
is due to no t  only lower oxygen  concentrat ion,  bu t  also 
lower pressure exer ted  on fungi. The  inhibi t ion  of the  
growth  of funigi by  sub-a tmospher ic  pressure seems to 
p lay  a role in ex tending  the  s torage life of fruits. The  
mechanism(s) of the  inhibi t ion of fungi  growth  by  sub- 
a tmospher ic  pressure is still  not  clear. However ,  f rom the  
poin t  of v iew of prac t ica l  applicat ion,  i t  can be concluded 
tha t  wi th  proper  combina t ion  of lower tempera ture ,  
re la t ive  humidi ty ,  and gas composit ion,  sub-a tmospher ic  
pressure should effect ively  control  the  fungi  in s torage of 
fresh produce and thus  ex tend  the  s torage life of per ishable  
frui ts  and vegetable .  

Zusammen/assung. Der  Wuchs  und die Sporenbi ldung der  
Pilze Penicillium expansum, Rhizopus nigricans, Asp.er- 
gillus niger, Botrytis alli und Alternaria wurde durch den 
subatmosph/ i r ischen Druck  gehemmt.  
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Thermozymocidin New Antifungal Antibiotic From a Thermophilic Eumycete 

During a research p rogram on the  ant ib iot ic  ac t iv i ty  of 
thermophi l ic  microorganisms from soil and compos t  1-7, 
we have  isolated a s t ra in  of eumyce te  ( IPV F-433) wi th  
in teres t ing ant i fungal  ac t iv i ty .  The  ant ib iot ic  was named 
the rmozymoc id in  and di f ferent ia ted  f rom a l ready known 
ant ibiot ics  on the  basis of the  ac t iv i ty  spec t rum and its 
physical -chemical  characterist ics.  

The  strain has the  following t empera tu re  requi rements  
for growth:  Min imum ,~26~ O p t i m u m  40-45~ Maxi- 
m u m  ,~53~ Af ter  3-5 days on pota to-glucose-yeas t  
ex t rac t  agar  a t  43~ the  colonies are cot tony,  ra ther  flat,  
wi th  yellowish clear subs t ra te  myce l ium and whit ish 
aerial  myce l ium becoming  ochraceous wi th  age. The  
hyphae  are separated,  2-15 ~m in diameter .  Conidia and 
sexual  format ions  are not  observed;  reproduct ion  seems 
to occur by  f ragments  of hyphae.  Therefore  the  strains i 
so far included in the  group ]Vfycelia sterilia s, 9. I ts  main  
physiological  character is t ics  are as follows: good growth 
at  p H  5.5-8; proteolyt ic ,  amyloly t ic ,  l ipolytic,  mi lk  
clotting, r ibonucleasic,  ant i fungal  act ivi t ies  present ;  
posi t ive  ut i l izat ion of glucose, fructose, galactose, xylose, 
maltose,  saccharose, lactose, starch, inulin, glycerol,  
manni to l ;  good ut i l izat ion of asparagine,  peptone,  urea, 
KNOs, weak  ut i l izat ion of (NH4)~SO 4. 

Fe rmen ta t i on  condit ions for the  produc t ion  of thermo-  
zymocidin  in 5 1 fermentors  were:  Medium composi t ion:  
corn meal,  20 g; KH2PO v 5 g; MgSO4.7H20, 0,5 g; t ap  
water ,  1 1; p H  7 af ter  s ter i l izat ion (1 atm. •  in- 
oculum:  10% of 48 h bro th-cu l tu re ;  t empera tu re :  43~ 
aerat ion : 0.6/I /I /m; ag i ta t ion  500 rpm ; an t i foam agent  : 
sil icone emulsion. 

At  the  end of fe rmenta t ion  (80 h, p H  6.5) the  myce l ium 
is separated by  centr ifugat ion,  washed wi th  0.2% NH4OH 
and ex t rac ted  wi th  methanol ,  and the  superna tan t  bro th  
is charged into a co lumn of AIIlberlite XAD-2  resin; the  
ant ibiot ic  is e la ted wi th  80% metanol .  The  methanol ic  
fract ions are combined and concent ra ted  to 1/5 of the  
original  volume.  The precipi ta te ,  which is formed over- 
n ight  at  5~ is collected by  fi l trat ion,  washed wi th  acetone 
and e thy lace ta te  and crystal l ized f rom ethanol /water .  

Thermozymoc id in  appears  as a whi te  microcrysta l l ine  
substance running as single spot  in TLC (Kieselget G; 
e]uent:  i soamyloace ta te  65, me thano l  25, formic acid 5, 
wa te r  5). I t  shows the  following physical  and chemical  
proper t ies :  mp  170-172~ (uncorrected);  [al~ 5 + 4 ~ 
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(C = 1, DMSO) ;  UV:  end  a b s o r p t i o n  (me thano l ) ;  I R  
(ilujol):  3375, 3240, 3150, 1710, 1655, 1605, 1572, 1533, 
1412 a n d  965 cm-~;  e l emen ta l  ana lys i s :  ca lcu la ted  for 
C21HagNO6: C 62.81%, H 9.79%, N 3.39~o; found :  
C 62.64%, N 10.38%, N 3 .48%;  molecu la r  we igh t  401 
(MS). 

T h e r m o z y m o c i d i n  is a lmos t  inso luble  in  w a t e r  and  in 
nonpo la r  solvents ,  s l ig th ly  soluble  in  lower alcohols,  
chloroform,  pyr id ine ,  d ime ty l su lphox ide ,  soluble  in  N 
NaOH,  N HC1, c o n c e n t r a t e d  formic  acid and  acet ic  acid. 
Reac t io i l  w i t h  n inhyd r i d i n ,  d i n i t r o p h e n y l h y d r a z i n e ,  a lka-  
l ine p e r m a n g a i l a t e  are posi t ive.  Specific t e s t  for sugars  and  
po lypep t ides  are nega t ive .  T he  an t ib io t i c  is s t ab le  on 
h e a t i n g  even  in acids, a lkal is  and  organic  so lvents  (0.1% 
hydroa lcohol ic  solut ions  r e t a i n  full  a c t i v i t y  a f t e r  2 days  
a t  50~ and  p H  2-10). 

T h e r m o z y m o c i d i n  is h igh ly  ac t ive  aga ins t  a g rea t  
n u m b e r  of yeas t s  a n d  f i l amen tous  fungi.  MIC is e q u i v a l e n t  
to  0.03 ~zg/ml for Kloeckera apiculata, 0.1 ~g/ml  for 
Saeeharomyces eerevisiae a n d  Cryptococcus neoformans, 
i ~g/ml  for Penicillium notatum, 10 ~xg/ml for Aspergillus 
oryzae a n d  Trichophyton mentagrophytes. I t  does no t  show 
an t ib io t i c  a c t i v i t y  aga ins t  g r a m  + a n d  g r a m - -  bac te r ia .  

The  a c t i v i t y  in  v i t ro  seems no t  to  be  affected b y  10% 
horse  serum.  LDs0 of t h e r m o z y m o c i d i n  in mice  is 7.5 m g / k g  
b y  i.p. i n j ec t ion  1~ 

Riassunto. J~ s t a to  isolato uil  nuovo  an t ib io t ico ,  deno-  
m i n a t o  t e rmoz imoc id ina ,  a t t i v o  con t ro  l ievi t i  e fungh i  
f i lamentos i ,  p r o d o t t o  in  co l tu ra  s o m m e r s a  da  uil eumice te  
termofi lo .  Vengono  p r e s e n t a t e  le p r inc ipa l i  propriets`  
chimiche,  f isiche e biologiche t h e  ne  pe rme t to i lo  la sua  
ca ra t te r izzaz ione .  
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Virologie:  sur la sp6cificite du facteur d'interf6rence de Pseudomonas aeruginosa 

Les in te r f6 rons  des o rgan i smes  sup6r ieurs  a s su ren t  une  
ce r t a ine  p r o t e c t i o n  de l 'esp6ce p roduc t r i ce  con t re  la plu-  
p a r t  des v i rus  suscept ib les  de l ' a t t a q u e r  mais  son t  d6pour-  
vus,  dans  la ma jo r i t 6  des cas, d ' e f fe t  p r o t e c t e u r  no t ab l e  
vis-5`-vis d 'esp6ces h6t6rologues.  L ' 6 t u d e  de ces subs t ances  
a util is6 p r i n c i p a l e m e n t  l ' i n t e r a c t i o n  en t re  v i rus  et  euca- 
ryotes ,  b ien  que les p roca ryo te s  et, en  part ici l l ier ,  les 
e i l t6robact6r ies  so ient  6galemei l t  le si6ge de ph6nom6nes  
d ' in te f f6 rence  e t  qu 'u i l e  s u b s t a n c e  de t y p e  in te r f6 ron  aft  
6t6 d6cr i te  chez Pseudomonas aeruginosal. 

P a r m i  les obs tac les  qui  s ' o p p o s e n t  encore ~ l ' u t i l i s a t i on  
t h 6 r a p e u t i q u e  de l ' in te r f6ron ,  p lus ieurs  son t  li4s 5  ̀ ce t te  
sp6cificit6; il nous  a d6s lots  sembl6 i n t 6 r e s s an t  de d6crire 
que lques  obse rva t i ons  re la t ives  5  ̀la sp6cificit6 d ' u n  fad teur  
d ' i n t e r f6 rence  v i ra l  d 'o r ig ine  bac t6 r ienne .  

Souches :  Pseudomonas aeruginosa ATCC 12055 et  
ATCC 12175, Shigella/lexneri ATCC 12 661, Staphylococcus 
aureus T w o r t  I n s t i t u t  P a s t e u r  6451. Bac t6 r iophage  de P .  
aeruginosa ATCC 12055 B3, Bac t6 r iophage  de P. aerugi- 
nosa ATCC 12175 B~, Bac t6 r iophage  de S./lexneri ATCC 
12661 B, Bac t6 r iophage  de St. aureus T w o r t  I n s t i t u t  
Pas teu r .  Les souches  h6 tes  son t  conserv6es  5, l ' 4 t a t  lyo- 
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phile,  les bac t6 r iophages  son t  conserv6s  5  ̀q-5~ en suspen-  
sion dans  les f i l t r a t s  de cu l tu res  lys6es. 

Milieu de cu l tu re  A:  Acide l a c t i q u e :  2,4 g/ l ;  ch lorure  de 
sod ium : 5 ; P h o s p h a t e  d i ammoi l ique ;  1 ; P h o s p h a t e  mono-  
po tass ique  : 1 ; Sul fa te  de m a g n 6 s i u m  h e p t a h y d r a t 6 : 0 , 2  ; 
H y d r o l y s a t  de cas6iile : 1. B : E x t r a i t  de bceuf Difco : 3 g/1 ; 
B a c t o p e p t o n e  Difco : 5 ; Agar -aga r  Difco : 15. 

Cul tu re  de P.  aeruginosa ATCC 12055:  On ensemence  
100 cm 3 de mil ieu A p a r  2 • 109 bae t6r ies  e t  cu l t ive  en  fiole 
de 250 cm a 5  ̀ 37~ p e n d a n t  3 h. On o b t i e n t  2 X 10 l~ bac-  
ries en phase  exponen t i e l l e  ( t •  0,11). 

Mul t ip l i ca t ion  du p h a g e  B a sur  P. aeruginosa: On ense-  
mence  100 cm~ de mi l ieu  A p a r  2 • 109 bac t6r ies  e t  1 • 10 s 
phages  et  cu l t ive  5  ̀ 30~ p e n d a n t  15 h puis  cen t r i fuge  
45 ra in  5  ̀9000 g e t  f i l t re  le su rnagea i l t  sur  mi l l ipore  HA.  
On o b t i e n t  une  suspens ion  pr iv6e  d '614ments  bac t6 r i ens  
conte i la i l t  env i ron  1 X 1010 p a r t i c u l e s  i n f ec t an t e s  pa r  cm a. 

La  cu l tu re  de P. aeruginosa sur  mi l ieu  B et  l ' o b t e n t i o n  
de p laques  d ' i n f ec t i on  pa r  le p h a g e  B a son t  effectu6es 
selon DICKINSON 2 Darts  ces condi t ions ,  le I lombre  m o y e n  
de pa r t i cu les  lib6r6es p a r  bac t6r ie  infect6e (burs t  size) pou r  
une  mul t ip l i c i t6  d ' i n f ec t i on  inf6r ieure  5  ̀ 1 est  de 55 5  ̀ 75 
et  le r e n d e m e n t  global  (step size) de 35 5  ̀60. 

P h a g e  Ba inac t iv6 :  Le t r a i t e m e n t  p a r  les u l t r av io l e t s  a 
6t6 effectu6 darts les cond i t ions  d6cr i tes  pou r  les phages  de 
E. coli a. L ' i r r a d i a t i o n  de 20 cm a de suspens ion  5  ̀1,5 • 101~ 
p h a g e s / c m  a e n  bo l te  de P e t r i  (d iam6t re  100 ram) 5  ̀30 cm 
d ' u n e  l a m p e  germic ide  W e s t i n g h o u s e  ( ~ a x .  = 2650 .~) 
condu i t  en  6 m n  (3.10 a e r g s / m m  2) 5  ̀u n  t a u x  de s u r v i v a n c e  
a s y m p t o t i q u e  de 2 • 10 a phages /cI l l  a. 

F a c t e u r  d ' in te r f6re i lce :  A 250 cm ~ de suspens ion  de 
phages  a t t 6nu6s  on  a jou te  50 cm a de cu l tu re  de P. aeru- 
ginosa et  laisse en c o n t a c t  1 h 5  ̀57~ On cen t r i fuge  1 h 5  ̀
9000 g, le culot  es t  r emis  en  suspens ion  dans  50 cm a de 
mil ieu A, puis  incub6  2 h 5  ̀ 37~ On Centrifuge 1 h 5  ̀

1 C. K. MERCER et R. F. N. MILLS, J. gen. Microbiol. 23, 253 (1960). 


