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Humics and Basidiomycetes
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Humics mode of action:
what is khnown?

Main approaches to understanding
mode of action of humics on biota
Searching for Studying of certain
structure-activity physiological
relationships processes
@ >,| U Paramagnetic centers U H*-ATPase Y
3 (Chukov et al.. 1995) (Canellas et al.. 2002) S
i3; 2 }é U Carboxylic groups U H*-pyrophosphatase 2 g
g.;;i 5 o| (Canellas et al.. 2008) (Zancani et al.. 2009) = 3
Hiry @ -=| OMolecular mass QFe(lll) cheate reductase S5
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Polymerase chain reaction:
molecular level of study

Polymerase chain reaction (PCR)
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3 Study of effects

at the level of gene expression
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Humics mode of action:
a case with Arabidopsis thailana

About 133 genes are involved in the response

A combination of different approaches
are needed
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Humics and Trametes maxima

—— Submerged liquid cultivation —

C-limited media T. maxima Complete media
(9/L) i i i (9/L)
is a highly effective gluvose 10.0
NaNO, 3.0 decomposer of HS NaNO, 3.0
KH,PO, 0.6 T = KH,PO, 0.6
ZnS0,x7H,0 0.001 ZnS0,x7H,0 0.001
K,HPO, 0.4 K,HPO, 0.4
FeSO,x7H,0 0.0005 FeSO,x7H,0 0.0005
MnSO, 0.05 MnSO, 0.05
MgSO,x7H,0 0.5 MgSO,x7H,0 0.5
CaCl, 0.25 Coal HA or coal [3H]HA CaCl, 0.25
CuS0O, 0.25 CuS0O, 0.25
pH 6.04 0 mglL pH 6.04
N— -
e
Changes in HA HA association Effects of HA
structure with fungus on fungus

U Elemental composition U penetration of humic U Morphology
0 13C NMR analysis material into the cell U Biochemical

interior was studied U Physiological

using tritium labeled
preparation

L Expression of genes
related to
carbohydrates
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Humics and Trametes maxima:
transformation of HA

Van Krevelen diagram C contents in different structural fragment of
for initial (®) and transformed HA initial and transformed HA
in the C-limited () or complete (¢) media in the C-limited or complete media, %
oH Structural Initial Transformed HA
0_98H_/C CO. fragments HA C-limited Complete
0.94 - reduction oxidation Ceoo 5 4 4
0.90 - -OH" 3 ~(CHa)r Ceoo 13 17 15
0.86 - O ? Cro 15 8 8
0.82 - \\ - g,"i % Cu 43 43 39
gzi 0.78 - 9 ° B Caro 12 18 20
9 974 | | | | Cax 13 10 15
\ 01 015 02 025 03 5C,/2Ch 24 1.8 1.3
\ O/I((:Iein ot al. 2013 The assignments (ppm): C_o (220-178), Coo (187-165),
’ Caro (165-145), C,, (145-108), Cyy0 (108-48), C, (48-5)
=8 C-limited media: mainly aliphatic structures
;_“0 Complete media: aliphatic and aromatic structures
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Humics and Trametes maxima:
penetration of HA

Effects Of HA | Intra/extracellular distribution of [3H]HA in
on Trametes maxima biomass Trametes maxima cells
in the C-limited () or complete () media in the C-limited or complete media

2 4 Drybiomass, g/L

10 15 20 25 30 Klein et al., 2014

HA associated,
mg/g of fresh micelium
1 - 1.6 7" Total amount
—O— Blank 1.4 7
; —e—HA Days 1.2 1
T T T T T 1 1 .
0 5 10 15 20 25 30 08 - '_De;etrat‘ﬁd
5 - Drybiomass, g/L 0.6 INNE CEIS  Total amount
g% 7 0. 4 Penetrated
%;5 3 - ' in the cells
HsH 5 0.2 -
—O— Blank 0 -
L —-o—HA
0 | Days C-limited media Complete media
\ 0o 5

=8 Effect of HA is more pronounced
;_“ under C-limited conditions
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Humics and Trametes maxima:
ultra-structural changes
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C-limited media Complete media
Parameters of ultra-structure
Blank +HA Blank +HA
2.0£0.4 2.2+0.2 Diameter of hyphae, um 2.0+0.2 2.2+0.3
59+7 4116 Thickness of the cell wall, nm 4519 5718
108129 5116 Hyphal sheath thickness , nm 5219 7315
0.42+0.05 0.29+0.03 Diameter of mitochondria, pm 0.38+0.04 0.36+0.02
0.70+0,10 0.47+0.07 Length of mitochondria, pm 0.60+0.10 0.45+0.03
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TEM: Jeol-1011 (JEOL, Japan)
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HA induced ultra-structural changes in mitochondria
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Humics and Trametes maxima:
effect on cellular respiration

Respiration rate, ng atom O/g dry weight

C-limited media ] Complete media
Variant
Blank +HA Blank +HA
29137 1507+111 Without inhibitors 3981570 956+169
Cytochrome pathway inhibition
20716 708190 KCN., 2mM 151£20 736148
84129 52715 Alternative pathway inhibition 175428 277+96
Salicylhydroxamic acid, 2mM
04 0.7 Cytochrome / Alternative pathway ratio 1.2 04
%;i l Respiration analysis: Polarograph, l
- ROSL Analyse Record4usb . ROST
Carbohydrates T ¢ Carbohydrates T
i"? Klein et al., 2014

HA stimulated either the cytochrome or
the alternative pathway of respiration
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Humics and Trametes maxima:
effect on ROS and carbohydrates

Effect of HA on Effect of HA on
Reactive Oxygen Species (ROS) formation carbohydrates profile
in the C-limited or complete media in the C-limited or complete media
2500 1 RosS, a.u/mg 60 - Content, % glucose
2000 - trehalose
1500 - g
40 + :I%
0 e _ /
ol .
0 ﬁ 20
Blank + HS Blank + HA Blank + HA
2500 - ROS a. U/mg Content, % g|UCOS€
2000 70 -
*ai 1500 7 trehalose 7
%;; 1000 - 40 -
¢ e 7
0 10 I
Blank + HS Blank + HA Blank +HA
ROS analysis: CM-H,DCFDA Carbohydrates analysis: Kristall 5000.1

(Chromatech, Russis)

HA induce ROS formation in the complete media
and increase in glucose concentration in both medla
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Humics and Trametes maxima:
effect on gene expression __ .

Metabolic pathway Enzyme Gene gene expression
in the C-limited or complete media

Phosphoglucoisomerase pgi
Phosphofructokinase pfk 057N G Blank
0.4 - m +HA
. Glyceraldehyde 3- 0.3 A
Glycolysis phosphate dehydrogenase gapdh 02 -
Enolase €eno 0.1 &
o LF
Pyruvate kinase pyk aco eno gapdh pgd
Pentose-phosphate 6-phosphogluconate d 15+ N = Blank
pathway (PPP) dehydrogenase Pg
i§i  Gluconeogenesis Phosphoenolpyruvate ok
g;;; (GNG) carboxykinase Py
= Aconitase aco
Krebs cycle aco eno gapdh pgd
Fumarase fh NE = 2(Ctrer ~Ctar)
\ Reference gene: f-actine, primers: Beacon Designer Real-time PCR: C1000 (BioRad, USA)
gg A& 4 HA up-regulate eno and down-regulate pgd
- Regulation of aco depends on glucose presence
= =t
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Humics and Trametes maxima:
effect on transciptome

Blank + HA Blank

250 kD 250 kD

11 kD 11 kD

C-limited media Protein Complete media
3.2 Hypothetical protein FOXb (AAA family ATPase) 0.9
0.8 Heat shock protein (HSP70) HSS1 1.4
0.5 Heat shock protein 70 (HSP70) 1.4

Fe acquisition Electrophoresis: PROTEAN Il xi 2-D Cell (Bio-Rad, USA) ROS pl’OdUCtiOﬂ

HA induce protein biosynthesis
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Humics and Trametes maximas:
hypothetical scheme

CH,OH
0
OH —> Glucose 6-P =) 6- phosphoqluconolactone
HO OH t El ------------------- pgd ¢
OH Fructose 6-P . 6-phospihogluconate
Fructose 1,6-P Ribulose 5-P
tgapdh <:
Glyceraldehyde 3-P  : ! Xylose 5-P
Ribose 5-P
Ph°‘°’ph°‘1"g'r';’é“if!ate HA Pentose-phosphate pathway
GIyCOIySiS PyruvateA E o_“mited medlq
_ \.IIIIIIIIIIIIIIII: ’ — - ~
g : : -~ ~
gii‘ Oxaloacetate Acetyl-CoA - P - S~
S 7
Cltrate s - )
. |:|NADH
aco Ti <

Isocytrate ~ NAD* NADH*

RN Complete media

’ ATP ADP+Pi
Mitochondrial resplratory chain
=

Krebs cycle
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Tritium labeled humics:
tritium activation methoo

L)
,‘
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G,
N
% 3 x *
Cad x *
* x
Tungsten wire, s Target,
H 23H
2000K H+RE S Resnn  TTK
Re + *H - R3H
) Badun et al., 2010
Dialysis A new technique for tritium labeling of humic
Isolation substances / Radiochim Acta 98: 161-166

Analysis by size-exclusion chromatography (SEC):
4 to verify identity of initial humics to labeled — SEC-profiles of initial must coincide to labeled

4 to check tritium distribution — UV and radioactivity profiles must coincide one to another

Tritium labeled HS
s . - b= o




