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Figure 1. Oxidalive stress and adaptation induced by heme and hemoglobin. 1: Leakage of hemoglebin from red blood cells; 2a
and b: oxidation of hemaglobin; 3: heme release from methemaoglobin; 4: heme uptake and sensitization of endothelium to oxidative
stress; 5: heme uptake by LDL; 6: oxidative modification of LDL; 7a and b: oxidative stress induced by oxidized LDL and oxidants
derived from leukocytes; and 8: induction of adaptation to oxidative siress via up-regulating heme oxygenase-1 and ferritin.
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Penicillin V Production by Penicillium chrysogenum
in the Presence of Fe3* and in Low-Iron Culture Medium

E LEITER®, T, EMRIT, G, GYEMANTY, I NAGYS, IMRE POCSIY, G, WINKELMAKNS, ISTVAN POCSI?®
. Uiniversiy of Debrecen, 4010 Ded
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ABSTRACT. Late-cupomential-phise Pesbeillivm  chevioge-
um mycelia grown i a complex medium possessed an wire-
cellular iron cancentsatin of 650 umoll (2.2 = 06 umel per g
mycelial dry mass). This iron reserve was sufficient o ensure
growth and mtibiotic production afier transfering myeclia mio
a defined low-sron minémal mediom. Althcugh the addition of
Fe'* 1o the Fe-limited cultures increased signaficantly the intra-
cellular iran levels the surplus mon did not influesce the pro-
ducticn of penicillin V. Supplements of purified majar P, chry-

Eleparmment of Siochemistry and Depariment of inargamic end Analyiical Ciesmistry. Facuity of Science. Universiy af Debresen.
Humgary

Anstituse of Microbiolegy and Hiotechnalogy, University af Tibimgen. 72076 Tabingen. Germany

Hungary.
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sogens sideraphores {coprogen and fernichrome) indo the fer-
mestetion media did a0l slfect the B-lsctam production sd
intracelular iron Jevel. Neither 150 nor 300 pmolL exira-
cellular Fe™* concentrations disturbed the glutathione metn-
Balisms of the Fungus. and increased the owiditive siress soused
by 700 mmaolL. HyOy. Neverthebess, when iron was applied in
the Fe!! avidatian stsse: the oxsdative cell injuries caused by the
peroxide were signaficantly enbanced.

Coprogen and ferrichrome were purified from culture fluids of P. chrysogenum cultivated i a defi-

ned low-iron minimal medium for 56 d (Charlang er af. 1981; Jalal and van der Helm 1991). The applied
purification schemes included Amberlite XAD-2 (Supelco, USA), Kieselgur G (Merck, Germany) and
Bio-Gel P-2 (Bio-Rad, USA) liquid and preparative HPLC on a Supercosil SPLC-Si
(250 x 10 mm) matrix (Jalal and van der Helm 1991). Typical yields were about 35 mg coprogen and 8 mg

ferrichrome per L of culture fluid.
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experimental animals were treated with 50 (intravenous)
100 (oral) mg/(kg body mass) desferri-siderophore. The

Figure 9. Accumulation of coprogen in the liver after intrave-
ncus (A) and oral (B) administrations of desferricoprogen. All
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Figure 8. Distribution of orally administered desferricoprogen
(A) and coprogen (B) between feces, urine, liver and intestinal
epithelium 1 day after dosage. Each animal was dosed with
100 mgi(kg body mass) siderophore. The data presented here

presented here are typical datasets.
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Figure 10. Effect of ethanol and olive oil on the accumulation
of orally administered desferricoprogen and coprogen in the
liver of rats. Experimental animals were dosed with 100 mg/
(kg body mass) siderophore in each case. The data presented
here are means=SDs calculated from five independent
experiments and represent mean total (desferri + ferri) sidero-
phore contents recorded 24 h post-administration.
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Figure 3. Saturation of LDL with desferricoprogen and copro- Time (min)
gen in vitro. LDL was incubated with coprogen or desferricopr-

F Figure 2. Kinetics of lipid peroxidation of LDL catalyzed by

ogen in the presence or absence of iron as described in Sec-
heme. The standard reaction mixture contained LDL (200 pg/

tion 2. After removal of unincorporated siderophores by dialy-

sis, coprogen content of LDL was measured. Symbols repre- mL pretein), heme (5 uM), H:Oz (75 uM) and was also supple-
sent coprogen treatment (4), desferricoprogen treatment + - mented with 100 pM desferricoprogen or 100 pM coprogen as
FeCl; added (w), desterricoprogen treatment without extra iron required Formation of conjugated dienes were monitored at
added (s), desferricoprogen content of LDL after desferricopr- 234 nm. Symbols stand for: o, native LDL alone; e, LDL + he-
ogen treatment (difference between coprogen levels with and me + Hz0;; », LDL + coprogen + heme + H:0:; 4, LDL + des-
without FeCl; addition) (o). ferricoprogen + heme + H;O; +, LDL + coprogen + H:0..
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Figure 4. Protective effects of desferri-siderophores on endo-
thelial cells exposed to oxidatively modified LDL. LDL (200 pg/
mL) was oxidized with heme (5 yM) and H.O, (75 uM) in the
presence of desferricoprogen, desferrirubin, desterrichrysin,
desferrichrome or desferrioxamineB at the concentration of
20 uM. HUVECs were exposed to the reaction mixtures for
4, and then cell cytotoxicity was measured by MTT assay.
Figure represents means and SD values calculated from three
independent experiments.

Figure 6. Dot blot analysis of the changes in the gene expres-
sion levels of HO-1 in the presence of desferri- and ferri-side-
rophores. A(4-5): positive control, upregulation of HO-1 after
LDL + heme + H:Oztreatment of endothelial cells. B(1-5):
protection of HUVECs with 20 uM desferrioxamine B, desferri-
coprogen, irubi in, and i

C (1-5): supplementation of reaction mixtures with 20 M
iron-saturated ferrioxamine, coprogen, ferrirubin, ferrichrysin,
and ferrichrome. D (1-5) Treatment of HUVECs with
LDL + ferri-siderophore + H0, mixtures without any heme.
Siderophore—iron complexes were the same as in row C.
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