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Using polyacrylamide gel (PAG) electrophoresis, the humic substances from
salt marsh sediment, fresh or dead tissue of Spartina alterniflora or from the
funeal cultures of Phaeosphaeria spartinicola were shown to consist of up to
five different molecular fractions. Most of them were of low molecular weight
and very mobile in PAG. The distribution of the electrophoretic bands shows
JImost identical fingerprints of all salt marsh related humic substances tested.
This indicates plant and fungal related humic substances to be direct precursors

of the sedimentary humic acids.

humic substances; PAG electrophoresis

INTRODUCTION

Salt marshes represent important sources and sinks for a variety of natural
and anthropogenic materials in the marine ecosystem. These include refrac-
tory carbonaceous substances such as humic and fulvic acids which comprise
Ehe major organic components in recent marine sediments (Rashid, 1985).
ihour previous studies, fresh and standing dead biomass of Spartina alterniflora
(¥(”§€1-) which is the dominant plant species in salt marshes of the Atlantic and
911“ coasts of the USA, was found to contain appreciable amounts of humic
;]lllltl)]:l:vu\x(A Iberts et al., 1988; Filip' et al., 1988). The_se plant re_lat.cd
i lhlc ;f&mtgnﬁces showed clemental‘ comp0§1t10n and spectroscop.xc chell'agte1'1st1cs
l 'm'\; xn.. “il&_lble and IR range of light jglmllar to huml_c al?d ful.v1c acids 1‘rorp the
il ()Ln ?dlﬂ‘léllt. In addlt{on,. some microscopic fpngl epiphytic to S alteri.zzﬂara
Alp c r; ( iloggnoduce humic-like melanlns with similar charac.u?rlstxcs F 1-1 ip,

ts, 1993). To further elucidate whether the S. alterniflora and fungal
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related humic substances can be considered as direct precursors of the sedi
mentary humic and fulvic acids, we performed a comparative electrophoretjq
analysis of these substances.

MATERIALS AND METHODS

Humic substances

Salt marsh related humic substances were obtained from the fresh and deaq
plant tissues of S. alternifiora or salt marsh sediment of Sapelo Island, Geor-
gia, USA using methods described by Alberts et al. (1988) and Filip
ct al. (1988). Briefly, dry and finely ground samples were extracted by a
mixture of 0.1 M NaOH + 0.1 M NasP>07 under Ny, and humic acids were
separated from fulvic acids by acidification of the alkaline extract to pH 1.5,
Humic acids were then isolated by centrifugation, dialyzed against deionized
water and freeze dried. Fulvic acids were concentrated on and eluted from a
XAD-resin and also freeze dried. Humic-like melanins were obtained from
the cultures of Phaeosphaeria spartinicola using similar analytical proce-
dures (Filip, Alberts, 1993). These salt marsh related humics contained
between 40-57% C, 2.5~7.6% N, 4.5-7.6% H, and 26-42% O.

Electrophoresis

The electrophoresis was performed in a vertical unit (LKB Sweden) using 10%
polyacrylamide gel (PAG). The details of the method were described elsewhere by
Trubetskoj et al. (1991). Briefly, freeze dried samples of humic substances
were dissolved in Tris borate buffer (pH 8.3) containing 7 M urea, 1% sodium
dodecyl sulphate (SDS), 1 mM EDTA and glycerol. Urea and SDS served as
denaturing agents to enhance the fractionation of humic substances.

RESULTS

Fig. 1 shows the electrophoregrams of the humic acids extracted from S.
alterniflora (fresh and dead), humic and fulvic acids from the salt marsh
sediment and humic-like melanin from P. spartinicola. The sedimentary humic
acid were obviously fractionated into five individual bands in the PAG (Fig. 1,
C, a—e). The narrow band ,,a* which is located at the starting point of the
electrophoregram consisted of a humic fraction which did not move in PAG
under the electric current used. Four other bands were completely discrete
from ,a“, indicating the presence of some moderately and highly mobile
fractions, all of them dark in color, in the heterogenous mixture of the sedi-
mentary humic acid. The fulvic acid from the salt marsh sediment showed
a similar distribution of electrophoretic bands. However, in comparison to the
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L. Electrophoregrams in PAG of (A) humic acid from S. alterniflora-fresh; (B) humic acids
from S. alterniflora-dead; (C) humic acid from salt marsh sediment; (D) fulvic acid from salt
marsh sediment; (E) fungal melanin from P. spartinicola (the symbols a, b, ¢, d, e for the
individual electrophoretic bands)

humic acid the highly mobile fraction , d** appeared more strongly. The electrophoretic
distribution of the individual fractions in S. alterniflora-related humic sub-
Stances represents, in general, a fingerprint of those from the sedimentary
humics. This can be recognized from the ,,a%, ,,b", ,,c“, and ,,d* bands. The
intensity of these bands is different for the individual preparations, however,
their electrophoretic mobility in PAG is the same as that of the sedimentary
humic and fulvic acids. The diminished optical intensity of these electro-
Phoretic band was caused by their less intense color.

) Tll‘m‘ clectrophoregram of the fungal melanin showed the same number of
Stmilarly colored bands as the electrophoregrams of the S. alterniflora-related
l?“'”iﬁ\‘- However, the fraction ,,a* was much weaker, and the mobility of the
fraction ,b* in PAG was somewhat enhanced.
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2. Electrophoregrams in PAG of humic acids obtained from S. alterniflora decomposed for
10 months in sea water (A) under sterile conditions, (B) inoculated with epiphytic microflora; (C)
inoculated with microflora from the salt marsh sediment; (D) inoculated with Leptosphaeria obio-
nes; (E) inoculated with P. spartinicola; (F) sedimentary humic acid (for a, b, ¢, d see Fig. 1)

In Fig. 2 the electrophoregram of the sedimentary humic acid was com-
pared with those of S. alterniflora (fresh)-related humics which were obtained
from the plant decomposed for 10 months in sea water as described in detail
by Filip and Alberts (1989). It can be observed that hydrolytic decom-
position under sterile conditions (Fig. 2, A) as well as the decomposition
mediated by different micro-organisms (Fig. 2, B, C, D, E), all produce
organic mixtures with similar electrophoretic distributions of the humic acid
fractions. The mobility in PAG of the fraction ,,b", however, was somewhat
lower, and the intensity of the electrophoretic bands ,c¢* and ,,d* was in-
creased. Humic fraction ,,e“ became almost undetectable. Humic substances
from S. alterniflora-dead obtained from the plant material decomposed in s€a
water (not shown in Fig.) produced electrophoregrams very similar to those
demonstrated in Fig. 2.

222 SCIENTIA AGRICULTURAE BOHEMICA, 26, 1995 (3): 219-22

pISCUSSION

In molecular biology and biochemistry electrophoresis is widely used to
identify by fingerprinting nucleic acids and different proteinaceous mole-
cules. In the research on humic substances this fractionation procedure was
found useful in the identification of ,,genetic* similarities or differences between
organic matter from different soil types (Duxbury, 1989). The applicability
of electrophoresis to fractionate humic substances was considerably enhanced
especially after (1) introducing PAG as the anticonvective electrophoretic
medium; (ii) introducing SDS to eliminate charge differences in the electro-
lyte, and (il1) introducing urea as an disaggregating agent (Castagnola et
al. 1978; Klocking, 1973; Stepanov, Pankhonov, 1969). Appli-
cation of these prinicples in a novel methodological modification developed
by Trubetskoj et al. (1991), produced homogenous, well reproducible
electrophoregrams with a distinct distribution of the individual bands of soil
humic substances in PAG. This was demonstrated also in Figs. 1 and 2 for the
salt marsh related humic substances. For soil humic acids, Trubetskoj et al.
(1992) concluded from the optical density of the eluted electrophoretic fractions
a decreasing particle size and/or molecular weight in a sequence from Lt to
fractions. In their more detailed study Kasparov etal. (1987) reported a particle
size of spodosol and molisol humic acids between 2 and 16 nm and molecular
weights between 2 x 10° and 2 x 10° daltons in accordance to the mobility (in
cm) of the humic preparations in PAG. Because they used more than twice as
high PAG concentrations (22.5%), the electrophoregram evaluation made by
these authors cannot be directly applied to our electrophoregrams. However,
in general (when multiplying the mobility in PAG given by Kasparov et
al., 1987, roughly by two), one obtains similar molecular weights and particle
sizes for the electrophoretic fractions of humic substances analyzed in our
experiment. The ,,b* bands would then represent fractions over 104 daltons
and of about 4 nm in diameter. The bands ,c*, ,,d* and ,.e“ would stand for
humic fractions of about 10° daltons or less than 2 nm in diameter.

Eloff and Pauli (1976) mentioned in their paper that several other
authors stressed the importance of low molecular weight humic substances
as agents stimulating plant growth and the overall soil fertility. We assume
lllfli low molecular weight humic substances can also affect the copious growth
of §. alterniflora in salt marshes of the Atlantic and Gulf coast of the USA, where
a potential input of 330 kg/ha of fresh Spartina-related humic substances may
oceur annually according to Filip and Alberts (1989). Our electrophore-
illil(?%l dcmonstrate c}early the fingerprint similari'ty. betwef:n the Spgrtina—re-
S (l[f'}lAmlmcs and sedimentary hum_w substaqccs 'ergmz.\t.ed from the‘sne where

- alterniflora grows. They also indicate that fungi inhabiting S. alterniflora, such
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as P. spartinicola, are capable of producing dark melanins, the molecular fractiong
of which are very comparable with the humic acids from plant biomass or saj
marsh sediment.
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Elektmforem’ké priikazy strukturni podobnosti riznych huminovych litek
z marSovych oblasti.
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FILIP,

Marfové oblasti patfi k biologicky nejproduktivn&j$im pfirozenym ekosystémim.
74roveil predstavuji stanoviSt€ stdle silnéji znecistovand antropogennimi ldtkami.
prestoze mnohé marse, jako napf. na atlantickém pobfeZi USA, vykazujf monokulturn{
rostlinny pokryv tvofeny travou Spartina alterniflora, vyznauji se neobyCejnou ekolo-
oickou stabilitou. Jednim z faktord, které k této stabilité pfispivaji, mohou byt specifické
;uminové litky obsaZené v pobfeZnich sedimentech. Tento pfedpoklad je podloZen
zndamymi pufraénimi a sorpénimi vlastnostmi huminovych ldtek, aviak i jejich ptiz-
nivwﬁx Gcinky biologickymi. Otdzka plivodu a vlastnosti mar§ovych huminovych
litek proto nabyvd na vyznamu.

V prici jsou prezentovdny vysledky elektroforetického srovndni marSovych humi-
novych litek rizného plivodu. PouZitim polyakrylamidové gelové elektroforézy (PAGE)
byly vyhodnoceny prepardty huminovych ldtek extrahované ze sedimentu, z Cerstvé
a odumfelé rostlinné biomasy S. alterniflora, jakoZ i litky huminového charakteru
vytvorené v dlouhodobych kulturdch epifytn{ plisné Phaeosphaeria spartinicola. VEt-
Sina prepardtdi se vyznaCovala znacnou elektroforetickou pohyblivostf, nepochybné
souvisejici s jejich nizkomolekuldrnim charakterem. Gelovd distribuce jednotlivych
frakef huminovych ldtek byla velmi podobnd, coZ svéd¢i o izké strukturni pifbuznosti
huminovych ldtek ziskanych z riiznych zdroji. Vysledky také naznacuji, Ze produkty
epifytnich plisni podobné huminovym ldtkdm a stejné tak i latky huminového cha-
rakteru obsazené v biomase marSové trdvy S. alterniflora mohou byt povaZzoviny za
pimé predstupné huminovych ldtek obsaZenych v pobieznim sedimentu.

huminové latky; PAG elektroforéza
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