Mewno3s y rpnbos

BbICOKOKOHCEpPBATMBHBLIN NPOLIECC,
nrpatoLLmmn LeHTPanbHY0 Pofb B XXU3HU
aykapuoT. Menos - pegyKkLUMOHHOE U
peEKOMOUHALIMOHHOE AerneHne aapa.



Melio3 - 3TO AeJeHHue JUIIJIONHOTO AApa, IIPU KOTOPOM
YK CJIO XPOMOCOM YMEHbBIIIAETCA OT JUILJIOUHOIO 10
rariouHoro. Meros y rpuooB IPOTEKAaEeT B
CIEINAJIN3UPOBAHHbBIX JUILVIOUTHBIX KJIeTKax (0a3uanax,
CYMKaX) B oIpejie/ieHHbI€ MOMEHTDI KI3HEHHOTI0O IIUKJIa
AAHHOI'O OpraHmu3mMa.

3UTOTHBLIN Mel03 —y O0JBIINHCTBA TPHOOB, J1Jisl KOTOPHIX B
*KU3HEHHOM IIUKJIe MpeoodJjiajaeT ramionanas gpasa, 1Be
KJIETKH/AApa CJINBAIOTCA C OOpa3oBaHUEM

3UTOThI/ TUILJIOUTHOTO AApa, KOTOpas AeJIUTCAH
PEAYKIIMOHHO C 00pa3oBaHHEM YeThIPEX ramnJIOuJIHbIX
KJIETOK.

I'aMeTHBIN Mel03 — y TPU00OB M TPHOOIIO00HBIX
MPOTHUCTOB, /I KOTOPBIX B ;KU3HEHHOM ITUKJIE
npeooJajgaer JUmIonaHas paza, Mero3 IMPOUCXOAUT MIPH
¢dopmupoBaHuu ramer.



Hanbornee n3y4eHHble rpmosbl
OTHOCUTENbHO Meno3a

Neurospora crassa, Sordaria fimicola,
Saccharomyces cerevisiae,
Schizosaccharomyces pombe, Aspergillus
nidulans, Ascobolus immersus,

Podospora anserina, Sordaria
macrospora, Schizophyllum commune v
Coprinus cinereus (Coprinopsis cinerea)




[lpenmyulecTBa MuuenmarnbHbIX
rpnboB Aanga nlyvyeHnsa menosa

KOpOoTKMin XKU3HEHHLIN LMK 32 BPEMSA KOTOPOro MOXET ObITb
NpoaHann3npoBaHO HECKOSIbKO COT MenoumToB (basnanmn, CyMKn) u
rameT (ba3nanocnopbl U acKocnopsbl)

UeTblpe npoaykTta ogHOro Menosa HaxogaTca BMeCcTe B O4HOWU
KneTtke (basngmm nnu cymke)

[Tony4yeHa n oxapakTepmnsoBaHa bonbLUas KOMeKUnst MyTaHToB A.
nidulans, N. crassa, P. anserina,S. macrospora and C. cinereus

Ony6nnkoBaHbl JaHHbIE CUKBEHCA FEHOMOB NATU ackoMuueTos (A.
nidulans, Fusarium graminearum, N. crassa, Magnaporthe grisea, P.
anserina) n Jyetblpex 6asngnomuuetoB (C. cinerea, Cryptococcus

neoformans, Phanerochaete chrysosporium, Ustilago maydis) K
2006 roay

ManeHbKknin pasmep XpoMoCOM 1N BO3MOXXHOCTU UccrneanoBaTb UX
METo4aMM TPEXMEPHOWN PEKOHCTPYKLMN N3 CEPUN CPESOB,
rmopugmsaumm in situ (FISH) n ncnonbsosanmne meveHnem GFP



JTanbl POpPMMPOBAHNA aCKOCMOP
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OT1anbl PopMUPOBaAHNA Oa3nNanNN




OcobeHHOCTU npoda3bl | Menosa

[Mpodrasa | menosa — yHMKanbHas, NnpoTsKeHHas ctagus (3-10
4aCcoB) C aKTUBHOW TPAHCKPUNLUNEN

[Mpodrasza | menosa cocTouUT U3 HECKONMBLKMUX CTPYKTYPHO-
dyHKUMOHaNbHbIX Pa3 (NenToTEHbI, 3UTOTEHbI, MAaXUTEHDI,
OUNNOTEHbI U AMAaKMHE3a)

[lpodhasa | — cTagnsa aoepHoro umkna, Ha KOTOpPoOW OCEBbIE
CTPYKTYPbl XPOMOCOM MOryT ObITb BU3yann3npoBaHbl gake 6e3
cneymanbHOro MEYEHUs U KOHTPaACTUPOBaHUSI.

Ha ctagum npodasbl | nponcxoauT psa BaXKHbIX COMPSXKEHHbIX
NpoLIEeccoB, KOTOPblEe B KOHEYHOM MUTOre obecnevnsaloT
MENOTMUYECKYI0 peKOMOMHAaLNIO U cerperaLmio roMorioroB:

;o c6opKa OoCeBbIX JJIEMEeHTOB U CMHANTOHEMHbIX KOMIMJ1eKCoB

— Y3HaBaHue, c6nv|>|(eHv|e, BbipaBHUBaHue U CMHarncumuc romorsioroBe

— cneuudnyeckoe ABMKEHUE XPOMOCOM, B TOM Yucrie obpasoBaHue
OykeTa

— obpa3oBaHMe Xxna3m u MemoTnyeckasi peKoMmoMHaums






JIBa KPOCCUHT(




Yurcno xpoMocom B sapax pasHbixX BUAOB rpnbos

No Bua rpuba n
1 Achlya 3
2 Agaricus bisporus 14
3 Allomyces 16
4 Aspergillus nidulans 8
5 Candida utilis 2
6. Coprinus lagopus I
6 Neurospora crassa 7
8 Pleurotus ostreatus 11
9 P.pulmonarius 8
10 Saccharomyces cerevisiae 16
11 Sordaria macrospora 7




Mewno3 y Sordaria macrospora




 [lepen kapuoramuen npouncxognt yasoeHue OHK
(S-pasa KNeTo4Horo Lukra rpnoos).

* [1lpn menose S-gpasa annMHHEE, YEM NPU MUTO3E.

* Y OpOoXKen nokasaHo, YTO OBOUHbIE Pa3phbIBLI
HUTen [JHK cnapeHbl ¢ npoueccom
PEKOMOUHALIMK U ecrii NoCneaHss
brnoknposaHa, ToO OHN He obpasyloTcA.



[Mpemenotrnyeckme mexaHmambl “Checking and

Cleaning”
paboTatloT nepen S-chaszon

Repeat-induced-point mutation (RIP) mechanism (mexaHu3m
NOBTOPHO WMHAYLUMPOBAHHbLIX TOYKOBbLIX MyTauun). Associated with
de novo methylation of cytosine residues and converts C/G base
pairs to A/T pairs in the duplicated sequences of N. crassa, P.
anserina,M. grisea and Leptosphaeria maculans

The methylation induced premeiotically mechanism (MIP)
(MEXaHU3M METUMMPOBAHUS, UHAYLMPOBaHHbLIA Nepea Menosom),
found in A. immersus and C. cinereus. MIP methylates de novo all
gene-sized duplications at their cytosine residues, and maintains
this methylation without further requirement for the methylated
sequence to remain duplicated.

Mechanisms that lead to gene/sequence losses, rather than
silencing (MexaHu3Mm, KOTOPbIN NPUBOAUT K NOoTEPE
reHa/nocregoBatensHocTn). Premeiotic recombination between
cis-duplicated sequences leads to deletion of the interstitial
sequence in N. crassa and P. anserina



A “Checking” Mechanism that Operates
After Karyogamy

* meiotic silencing by unpaired DNA
(MSUD)



CTtagum meunosa

[lepBoe aeneHne menosa
npodgasa |
NenToTeHa
3UroTeHa
naxuTeHa
OVMNIoTeHa
ONaKNHES



[lepBoe oeneHue menosa
MeTadrasa |
aHada3sa |
Tenodgaasa |



BTopoe geneHne menosa
npodoasa |l
meTadoasa ||
aHadasa |l
Tenodgpasa |l



[Tpodpasa I.
JlenToTeHa

doopMUpPOBaHNE OCEBbIX 3NIEMEHTOB,
coOnmxeHmne romosioron




[lpodhbasa |. 3uroteHa

* Ha4yano cOOopPKM CUMHANTOHEMHOIO
KOMMJiekca B canTax MHMLMauum
cuHancuca (oyker)




[lpopasza |. [laxuteHa

Ctagna nonHoro cnHancmuca. CnHanToHEMHbIe
KOMMJSIEKCbl — TPUNUHENHbIE HYKIMeonpoTenaHble
CTPYKTYPbl COCTOAT N3 ABYX DOKOBbIX 311IEMEHTOB
(KaXkObIn, B CBOKO OYepenb, CIOXeEH N3 ABYX TSXeEN) u
LleHTparbHOro afnemMeHTa, npeacTaBnsaloWwero cobom
obnacTtb nepecevYeHust «royioBoK» nonepequlx
pnnameHToB —




A—C Synaptonemal complex and recombination nodules of S. macrospora.
A Pachytene synapto; :
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A—C Synaptonemal complex and recombination nodules of S. macrospora.

A Pachytene synaptonemal complex.

LE indicates maternal and paternal lateral elements, andCEthe central element of the
complex. The arrow points to a late recombination nodule (RN) located onthe CE.

B At zygotene, the central element (CE) initiates between converging lateral elements (LE).

C The arrow points to an early recombination nodule. Note the difference in size and
density,

compared to the late nodule shown in A. Bar = 100 nm



Moaenb CMHaAaNTOHEMHOrIO
KOMMJ1eKkca

OCEBOH
XPOMATHH  SJEMEHT - XPOMATHH
CECTPHHCKHX CECTPHHCKHX
XPOMATH/I 1H 2 XPOMATH/ 3 H 4

ERIRQBE RN (MATEPHHCKHX)



Chromatin loops of
sister chromatids
of one homologue
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Cohesins

Chromatin loops of
sister chromatids
of the other
homologue



[lpopasa l.

« [lecuHancuc romorioros, pa3topka
CMHaNTOHEMHOro KomMmnnekca. B koHLe
KOHLIOB rOMOJ10r1 OCTaloTCs

CKperJieHHbiMUA J1Lb B obnacTtu xmasm
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FiG. 1. Electron micrographs of yeast meiotic chromosomes. Meiotic nuclei from wild type (4)
and the zip] mutant (B) were surface spread and stained with silver nitrate (1). (Bar = 1 um;
micrographs provided by Mary Sym.)
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A Generation of the B Reeruitment of C Fusion of vesicles to

Meiosis IT outer vesicles form a membrane
plagque on the SPB 000

Meiosis Il

Outer

Plaque — —
D Membrane expansion and E ieanad

engulfment of the nuclear lobe

- N .
Septins

\ / Leading Edge
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FIG. 2. Stages of prospore membrane growth. (A) As cells enter meiosis 11, the meiosis II outer plaque is formed on the cytoplasmic face of
the SPB (black bar). (B and C) The meiosis II outer plaque becomes a site for the recruitment and subsequent fusion of secretory vesicles to form
a prospore membrane (green). (D) As the prospore membrane expands to engulf a daughter nucleus, its growth is controlled by two membrane-
associated complexes: the septins (orange), which form sheets thought to run down the nuclear-proximal side of the prospore membrane, and the
leading-edge complex (purple), which forms a ring structure at the membrane lip. (E) Closure of the prospore membrane completes cytokinesis.
All three of the prospore membrane-associated complexes, i.e., the septins, leading-edge complex, and meiosis IT outer plaque, disassemble at

about the time of prospore membrane closure.
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Mitosis/Meiosis 1 Meiosis 11

cytoplasmic
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Prospore Membrane
r’v.\ !’7.1
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P complex @ Spe72p 0O .

FIG. 3. Organization of proteins within the meiosis IT outer plaque. The changes in organization and composition between a mitotic/meiosis
[ outer plaque and a meiosis II outer plaque are shown in the cartoon. The Spc72p and y-tubulin complex proteins are removed and replaced with
Adydp, Mpc3dp, Spo2lp, and Spo74p, leading to a conversion from microtubule to membrane nucleating activity. In the upper right is shown an
electron micrograph of a meiosis II outer plaque with associated prospore membrane. The proposed correspondence between the arrangement
of proteins in the model and the structure as seen in the electron micrograph is indicated.



List of genes regulating meiosis and sporulation in S. cerevisiae

Function of gene product in S. cerevisiae S. cerevisiae C. lusitaniae C. albicans Function of gene product in C. albicans
Genes regulating meiosis in S. cerevisiae
Homeodomain protein th.at acts with MATal MTLal MTLal Homeodomain proteir? that acts with CI/IHXPOHHOCTb
MATa2 to repress mating and MTLa2 to repress white-opaque o
permit meiotic induction in a/a phenotypic switching and mating MeHruo3a y
diploids. in a/a cells.
Homeodomain protein, promotes MATaA CLUG04923 MTLaA Homeodomain protein, promotes 5
a-specific gene expression pattern. a-specific gene expression pattems. Z[pO)K)KeI/I Tpe6ye'I
Homeodomain protein, promotes MAT«2 - MTLa2 Homeodomain protein that acts 3
a-specific gene expression and acts with MTLa1 to repress white-opaque COrJIaCOBaHHOM
with MATa1 to repress mating and phenotypic switching and mating
permit meiotic induction in a/a diploids. in a/a cells. pa6OTbI 60Hee
Cell-type-dependent meiotic repressor. RME1 CLUGO05819 orf19.4438 White-phase specific gene expression. 1 O O O
Upregulation correlates with clinical
resistance to fluconazole, an antifungal.
Methyltransferase required for nutrient IME4 CLUG03093  orfi9.1476  No experimental data FeHOB\HPOHyKTOB
sensing and activation of IMET.
Meiotic kinase required for sporulation RIM11 CLUGO05114 orf19.791 No experimental data
and activation of IME1. CLUGO01530
Glucose repressed kinase, positive RIM15 CLUG04432 orf19.7044 No experimental data Sherwood
regulator of IMET. ’
Serine/threonine kinase important for MCK1 CLUGO01530 orf19.3459 No experimental data
meiotic entry and chromosome Bennett)
segregation.
Master transcription factor required IME1 - - 2 O 09
for induction of the meiotic pathway.
Kinase required for activation of early IME2 CLUGO00015 orf19.2395 Mutants are hyper-susceptible to the
meiosis genes. antifungal Amphotericin B.
Transcription factor required for NDT80 CLUGO00404 orf19.2119 Expression induced by antifungal
induction of middle-meiosis genes. CLUG05634 (orf19.513) treatment, required for basal level of

Function in S. cerevisiae S. cerevisiae

C. lusitaniae

C. albicans

antifungal drug tolerance in wildtype
cells.

Function in C. albicans

Genes involved in S. cerevisiae sporulation

Serine/threonine kinase involved with
spore wall formation, expressed at
the end of meiosis.

Sporulation specific MAP kinase required
for outer spore wall synthesis.

Sporulation specific enzyme required
for dityrosine synthesis, a cell wall
precursor.

Sporulation specific enzyme required
for dityrosine synthesis and cell wall
maturation.

Sporulation specific septin.

Noneccsential nrotein exnrecsced durina

SPS1

SMK1

DIT1

DIT2

SPR3
opg4

CLUG04805

CLUGO04129

CLUG03886

CLUG02306

CLUG04558
Cl LIGDOR767

orf19.3049

orf19.7208

orf19.1741

orf19.554

orf19.1524
orfi9 7568

No experimental data

Putative MAP kinase, mutant
produces wrinkled colonies.
No experimental data

Involved with chlamydospore
(asexual spore) formation and
dityrosine synthesis.

Required for septin formation.
No exvberimental cdata



Perynaunsa nonoBoro pasMHOXeEHUA Y APOXKeN

Sexual Reproduction

C. albicans Heterothallic/Homothallic
C. tropicalis Not observed Phylogenetic tree Of the
C. parapsilosis Not observed

hemiascomycetes (S. cerevisiae

C. guilliermondii Heterothallic 3

C. lusitaniae Heterothallic and _Sequenced Candlda
D. hansenii Homothallic SpGCleS)

S. cerevisiae Homothallic

C. glabrata Not observed

S. pombe Homothallic

Current Opinion in Microbiology
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Meiotic g involved in homologous recombination and synaptonemal complex formation

Function of gene product in S. cerevisiae S. cerevisiae C. lusitaniae  C. abbicans S. pombe M. musculus
Genes involved in homologous recombination
Meiosis-specific gene, important for processing DMC1* - + + +
dsDNA breaks for repair during homologous
recombination.
Dmec1 cofactor; forms a complex with Sae3 for MEI5 - + + '
dsDNA break processing during homologous
recombination.
Meiosis-specific helicase. MER3/HFM1 - + - +
Mismatch repair gene that is important for DNA MLH1 " K 4 +
crossover during meiosis.
Endonuclease that complexes with MUS87 to MMS4 + + + +
cleave branched DNA; involved in joint molecule
formation/resolution during recombination.
Foms a complex with HOP1, important for MND1* - + + +
chromosome pairing and repair of dsDNA breaks.
Subunit of MRX complex, required for dsDNA MRE11 + + + +
break repair during homologous recombination.
Foms a complex with MSHS, essential for regulating MSH4* - + - "+
crossover events during meiosis.
Foms a complex with MSH4, essential for MSHS5* - + - i+
regulating crossover events during meiosis.
Endonuclease that complexes with MMS4 to cleave MUS81 s 4 + +
branched DNA; involved in joint molecule
formation/resolution during recombination.
Subunit of MRX complex, required for dsDNA RAD50 + kY + +
break repair during homologous recombination.
Protein important for DNA strand invasion and RADS1 + + + +
exchange during homologous recombination.
Protein that stimulates DNA strand exchange during RAD52 + K + 4
homologous recombination.
Dmec1 cofactor; forms a complex with Mei5 for dsDNA SAE3 - + + +
break processing during homologous recombination.
Helicase regulates meiotic crossover formation events. SGS1 0 K 4 +
Meiosis-specific protein that stimulates homologous SPO11* 4 + + +
recombination by catalyzing the formation of dsDNA breaks.
Component of the MRX complex, important for XRS2 (NBST) - - + i+
dsDNA repair during homologous recombination.
Function of gene product in S. cerevisiae S. cerevisiae  C. lusitaniae  C. albicans S. pombe M. musculus
Synaptonemal complex genes
Meiosis-specific protein, localizes to axial elements of the HOPT1* - + + 4+
synaptonemal complex. Required for homologous recombination.
Meiosis protein that promotes recombination between HOP2* - + + +
homologous chromosomes and prevents recombination
between nonhomologous chromosomes.
Meiosis-specific serine/threonine kinase that promotes MEK1 - + + +
recombination between homologous chromosomes.
Sister chromatid cohesin protein. REC8* + + + +
Protein component of axial elements. RED1 - - + +
Structural component of synaptonemal complex, promotes ZIP1 - - - +
recombination between homologs.
Meiosis-specific protein important for synaptonemal ZiP2 - 4 - +
complex formation.
Sumo E3 ligase, localizes to synapse initiation sites and is ZIP3 - + - +

required for synaptonemal complex formation.
Essential for synapsis during homologous recombination. ZiP4 - - - -




MEIOSIS IN COPRINUS

VI1I1. A Time-Course Study of the Fusion and Division of the Spindle Pole
Body during Meiosis

BENJAMIN C. LU

i\ KARYOGAMY } PACHYTENE | DIPLOTENE M -1
6 1,2 3 5 & 7 8 % 1 11 12 13 14 15 1
A i A A
TIMEID}

FiIGURE 1 The time sequence and the meiotic stages
as established by Raju and Lu (12). The arrows point to
the sequential samples taken from a single developing
fruiting body for electron microscopy. M-T=metaphase
I-telophase 1I1.



. Mewno3s y Coprinus cinereus
Ha ypOBHe CBEeTOBOro
MUKpoOcKona

1 cragus mepexn causiHueM
(24 yaca)

2-3 cTaaud JenToTEeHbI MocJIe
CJIMSIHUA Tepel CHHAIICHCOM

4 3UroreHa






Mewno3 y Coprinus cinereus
Ha ypoBHe CBETOBOIro
MUKpOCKona

8 numniorena-
MeTadasa 1

O INaKHUHE3
10 Testodaza 1
11 mpoasa 2
12 aHada3za 2
13 Testo(asa 2




Mewno3 y Coprinus cinereus
Ha YPOBHE 3JIeKTPOHHOrO
MUKpoOcKona
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craaud 1mocjie
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enos y Agaricus bisporus




IIpogasza I Mel03a 4eThIPEXCIOPOBOr0 IITAMMA

mnmaMmIIMHbOHA




3anacHble BKNHYeHUus

OgHuM 13 cnocoboB MeTabonnyeckon perynaunm
ABNSETCS pe3epBupoBaHne 6onbLLIOro
KONM4yecTBa 3anacHbIX BELLECTB pa3HOoro
cocTaBa.

OCHOBHbIMM PE3EPBHLIMUN BELLIECTBAMU B KNETKax
rpnboB ABMAKTCA:

* [lonudpocdathbl

* [ nnkoreH

e Jlnnnabi

* Tperanosa 1 nonunornsbl



o [ o O
[ [ |
i i i 8 g [TonudocdaTthbl

* bbInNn obHapyXeHbI BNeEpBbIE Y APOXXKEN B
koHUe XIX Beka 1 Oblf1n Ha3BaHbI
rpaHynamMmu BOMIOTMHA U MeTaxpoMaTuHa.



n. C. KYNAEB

H

@ Kynaee N.C., 1996

"”W’c P dyphuphdn MocKoBCKi roCy28pCTESHHEN yHHUBEDCHTET
functions could signifi- . M.B. Nomorocosa
cantly change in the pro-

cess of evolution. In pro-
caryotes, metabolism of
polyphosphates is closely
related to bioenergetics. In
lower eucaryotes, poly-
phosphates play a role of
an  osmotically  inert
reserve of inorganic phos-
phorus, while in the higher
animals they apparently
function as regulators of
gene activity and are
involved in some trans-
port processes.

Ha npumepe nonughocha-
TOB NOKa3aHO, YTO B Npo-
yecce 3BOMOYMH ChyHK-
LMH KOMITOHOHTOB K/TeTOK
MOrnn MeHATHCA. Y GakTe-
Pt nonuchocgharsl Mrpa-
FOT BaXKHy ponb B Gyo-
aHepreruke. B obmene
BeWOCTB HHAILWMX IYKapH-
OT rnasHas PyHKYHA No-
nucpocpaTos — peaepeu-
poBanne chocchara B oc-
MOTH YOC KH MHOPTHOH
gopme, @ y BbICLUHX XH-
BOTHbIX nonugpocarsl
Y4acTBYyIOT B TpaHcnopre
BelecTB 4Yepe3 mMemOpa-
Hbl, @ TAKXXe B perynaymnn
AKTHBHOCTH reHOMa.

BBE/JIEHVE

OmHiM 13 PAXHCIIINX I OCHOBOMOMATAIONINX Pa3-
NENOB COBPEMCHHOI Gnosornn aBagercsa Guoxmmmg,
SraHayka paccMaTpHEaeT, © OIHOI CTOPOHEL, XIMHHe-
CKMC OCHOBBI XM3HH, TO €CTh XHMHYCCKHC COCIMHC-
HHA, M3 KOTOPHX COCTOAT XHMEBHC KJICTKH, 1 € ApyToii—
IX npeBpateHns B obMeHe Bewects, Bonewag vacre
COCHMHCHMIT 11 HX OOMCH JOCTaTOYHO XOPOLLIO HayHe-
HE, O1Ha 13 aKTyanbHHEX 30144 COBpeMeHHOIT Giono-
THH — HIHCHHE PEryaaiin GHaXHMIYCCKIX NpoLec-
COB Y OPraHM3MOR, HAXOIAIWNXCA HA ParHBIX ITanax
Gronornyeckoit spomonni. CyniecTsyer HecKoIbKO
ypoBHeii Takoit peryisiumi. CeroiHs MoXHO ropopiTh
MO KPaHeil MCPe 0 NATH Y POBHD METabOIMYCCKOM,
CTPYKTYPHOM, ICHETHYCCKOM, TOPMOHATEHOM M HEPR-
HoM. Ecin ropMoHanbHHIE yPoBCHB MPHCYIL TONBKO
HHBOTHHM M PACTCHUAM, 8 HEPBHBII HCKITIOYHTEIBHO
HHBOTHHM, TO 1€ PEHC TPH — METaGOIMYCCK L, CTPYK-
TYPHBIIT M MCHECTHYCCKMIE — XapakTepHBl 114 awGoro
AHBOTO OPraHn3IMa.

OcoGeHHO IPeBHIM 1 OCHOROTIONAr IO ABS-
eTCs MeTaboIHYCCKMIT YPORCHE PETYISILIMM, TO ¢CTh pe-
TYASLHIME XHMHYOCKHX MPOLCCCOR, MPoNCXonqunn B
opraHiaMax (06MeHA BELLICCTR, WM, YTO TO XC CaMOC,
MeTaGoMM3IMa), CAMMMI XHMIYCCKHMH BCUICCTBAMI,
YHACTEYIOLIMMI B 3THX npoucccax (MeraGomtramin).
MeraGomueckas peryasumsa ocobeHHO XapakTepHa
U1 KJICTOK MHKPOOPTAHN3MOB, OMCHE CHITBHO 2aRHCH-
UX OT I yeaoBmii cyiecrsoBannd. Oua we cyuect-
BCHHA I MHKPOOPTAHMIMOR 110 TIPHYITHE HX TTPHMH-
THBHOIT OPraHM3aLnL,

OnximM 13 cnocoboB MeTaGoIM4ecKoli Pery s,
XApaKTCPHBIM BIICPBYIO 04CPCb U151 KJICTOK MIKPOOp-
FAHH3MOB, SRIFCTCA PEICPEHPOBAHNC B HIX GObIIOro
KOMIMYECTEA 33MacHBIX BeIUeCTB pazHoro coctasa. Jeii-
CTEHTEIBHO, KJICTKH MHKPOOPraHIM3IMOR, H3-2a CBOCTO
HeGONBIIOro pasepa HeobbMaliHO 2aBncqlImMe Or
MOCTOSHHO MCHSIOUIICA YCJIOBMIE CYLICCTBORAHMA,
NONXHE 061a1aTe Pe3cPBAMM KHIHCHHO HeobXoau-
Miix MetaGomntos, B moGoii MoMeHT, GraronpuatHsi
IU19 POCTA M PA3BHTHA MHKPOOPraHI 3MOB, 3TH PC3CPRbI
INOMXHE GBICTPO HCMONBL30BATHCA, AABA XKHIHb HOBBIM
reHepaumsaM, YYcHHe JapHO oGpaTiuIN BHHMAaHHE HA
TO, 4TO B KJICTKaX MHKPOOPTAHH3MOB HacTo, 0C0GCHHO

COPOCOBCKHA OBPA30BATENEHLIA XYPHAN, Ne2, 1956



[MonudocddaTtbi

BriCOKOMOJIeKY/IspHble HeopraHuyeckKue nojudgo-
catel (Mommd) npencras/siioT cod0i THHEHBIE T10-
JmMepsl oprodochopHO KHCTOTHL (pUc. 1), B KOTO-

Puc. 1. CtpoeHne BLICOKOMONEKYNAPHBIX NONK-
docdartoe.

pbiX ¢ocdopHble OCTAaTKH CBA3aHBI MexXay coboi
dochoaHrnIpHIHBEIMY CBI3SIMH, TTOT00OHBIMU TEM, KO-
TOpble CBA3LIBAIOT TepMHUHa/IbHbIe (ocdaTHble ocTaT-
KH B MoJekyie agreHo3suHTpudocdara (ATD). IMonoobd-
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A CONTRAST BETWEEN OOMYCETES AND
OTHER TAXA OF MYCELIAL FUNGI IN REGARD
TO METACHROMATIC GRANULE FORMATION

By G.A.CHILVERS, F.F. LAPEYRIE* anp P.A. DOUGLASS

Botany Department, Australian National University P.O. Box 4, Canberra City,
A.C.T. 2601, Australia

(Accepted 4 October 1984)

SUMMARY

Forty-nine cultures of mycelial fur:gi, representing five different taxonomic classes and diverse
ecological groupings, were screened for the presence of metachromatic granules by staining
hyphae with toluidine blue. Regardless of the ecological roles of the fungi, granules were detected
in all representatives of the following classes: Zygomycetes, Ascomycetes, Deuteromycetes and
Basidiomycetes. When selected mycelia were starved of phosphorus during growth, thev lacked
granules. However, these same mycelia would subsequently form granules readily if they were
incubated for several hours in a phosphate-containing solution, which supports the belief that
these metachromatic granules represent a store of polyphosphate.

No metachromatic granules could be detected in any of the fungi from the class Oomycetes,
which provides further evidence of the unique nature of this particular group of fungi. If their
inability tc form metachromatic granules is indicative of a limited capacity to store phosphorus,
it could explain why no reliable examples have been discovered of Qomycete fungi forming
symbiotic mycorrhizal associations with higher plants.
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Fig. 1. Photomicrographs of various fung: examined for the presence of metachromatic granules
by staining with toluidine blue. (a), {b), (c¢) Hyphae of Pyenoporus commabaring (Basidiomyceres),
Gibberella zeae (Ascomyoetes) and Zygorhynchus moelleri (Zygomyeetes), with metachromaric
grunules. x 440. (d) Hyphae of Achiya racemera (Oomycetes) lacking any metachromatic granules.
x 440. () A concentration of granules in the vesicles of Aspergillus terreus (Deuteromycetes)
conidiophores. x 430, (f), (g) Granules within chlamydospores and a condiophore of Trichoderma
wiride (Deuteromyeetes), x 440 and x 600. (h) Sexual stage of Zygorhynchus moellers — the dark
structure is of o zygospore. Metachromatic granules are evident in the *suspensor ' curling around
' H x { [ i - crai
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Table 1. Fungr tested for presence 5f metachromatic granules by stassming zesth
rofusdine blue

Ecological role Technigue Granules

Basodiomycetes

Agaricur Ssparus Domesticased mushroom b -+
salascs F247 Orchid mycorrhizal funguas »b +
Lsolase F2I8) Orchad mycorrhizal fungus ab + .t
leuzites trobor Woodsotting fungus ab - -
Piselithus tencior s Ecvamyccrrhimzal fungus a b + 4
FPycmoparus { = Trawetes Woodrontieg fungus = b ‘- -
CORTabGTIRS
REicopopon betenlas Eciomycorrhixel fungus b A
Ascomyce bes
Cachlvabolur satrvns Flent parasive = b .-
{ = Dvechalera sativa)
Cremomey 0es serraius Keratincphilc saprophste c ++ +
Emersceila wedvlaws Sordl sapropdyes s b -+
(= Aspergilbus niduianc)
Tolaromycer sporivwann: Soil sapcuphiyic < +
{ = Pewvesliiuee Rioechers)
Gidderells fujikmros Flent parasite w b + -
{ =~ Fapariwey svoszlifaroes)
Gabberells aese Flar parssite a b “+ + -
{ = Furcawsws grawemecrom)
Selerotenas friciicole Flamt parssite ab + 4+ -
(= .'I»femf-a Sructicola)
Saﬂ.uﬁ Copraphilocs fungus © + 4+ &
Dieuteromycetes
Altervaric sp Azrborne aaprophyte < - -
Archrobocrys oligorpare Nematophagous saprophyte < + -
Aspergiilus niger Soct saprophyre < + +*
Acpergiliss tarreur Scoll saprophyte c -
Aurevdasedewm pullalans Adrporne saprophy e c -+ -
Botrytis rucalyprs Flant parssote c -+
Clodssporisem sp. Asrborne saprophyte c -+ >
Cylamdracarpen radicaceda RbEzoplanc fungus © > ‘s
Epicoccum purpursscens Airbosme saprophyte b + 4+
FPemicellium exporsives Plant parasate c .t -
Femerlboem italicwm Plant parasite < + -+
Trachoderves versde Letter saprophyte %, b + T+
Zypoeaivcetos
Cokmy«n R A T Hoil saprophyte < -+
< g fla echonnil Sl ssprophyte n D -
Erymia weosphiars Inzect parssste < - 4+ +
Phycormpces sslens + atrain Coprophiilous fungus < + -
FPhycomycer matens — strain Coprophilous fungus - “+ +
Friprocephaiy targrmiana FParasite of othes fung: < "
Riizopaa olgasparsas Sapruphyte (terrgped b “+
mancfacture)
Sywrephalasiram rareressm Coprophilous fusgeus < - -
redscanws Insect parssite < - -
Zygorkywehns woelileri Hoil saprophyre e b + -
Oomycetes
Achlye rocevsora Aguanc saprophyie v b —
PRryrophthcra cinmaessve: Al Plant rool parasils 2D —_
Phytophthora cinmamsen A Flant root parpsite = b
Pythimmn witimm Facultatsve plant parsseae ab -
Pythooe ap. Facultstree plant parascs b
qudq-:- Ievcx Agquane saprophyte/parasite ab -

u, Growm in broth plus phosphate

b, Grown in broah wichous phosphate them Incubated 4 b in phosphate.

c, Grown an ceilopunce over phospharus-rich agar mediumn.
+ 4 4+, Many largr granwles throughout mycelum.
+ 4, Large granules abundant in scenc parts of myscelsam.
+ . Occapicral large granubes or scstserimg of smxll granules throughous

—. No granules.




« B pabotax N.C.KynaeBa ObIfio nokasaHo, 4To B
KaXkOoW opraHenne Opoxeken n gpyrux romdbos
NPUCYTCTBYET CBOA ppaKkumsa nonndgocdartos,
onpegeneHHon anuHbl Lenu. [Npn aTom
YCTAHOBJIIEHO, YTO AN OMOCUHTE3A U
MCMOMNb30BaHUSA BbICOKOMOJIEKYIMAPHbIX
nonndgocdaToB NPaKTUYECKN B KaXKO0U
opraHenne MMeeTcst cBon Habop PepPMEHTOB,
CBsA3blBalOLWNIN 0OMeH nonmndocdaTtoB B NEPBYIO
oyepeab C npoueccamMmu, XxapakTepHbiMU ONS
OaHHOW opraHennebl.



* Hanpumep, B aape OMOCUHTES
BbICOKOMOJSIEKYNSAPHbIX NormdocdaToB KAKUM-TO
0bpa3oM TeCHO CBSI3aH C ODMOCUHTE30OM
HYKNeWnHOBbIX KMCnoT, B YacTHoCcTU PHK.

* B MutoxoHapusix buocnHTes nonudgocdaTton
3aBUCUT OT NPOUNCXOAOALLErTO B 3TOW OpPraHense
bnocnHtesa ATO.

» ObpasoBaHue nonndocdaTos,
NTOKarnn30oBaHHbIX B KIETOYHOW 060no4ke
APOXCKEN, HENOCPEOCTBEHHO CBA3AHO C
OMoCMHTE30M OOHOIo U3 KOMMNOHEHTOB
KITETOYHOW CTEHKM — MaHHaHa.



OyHKUMN nonudgocarTos

Pe3epB doocdopa 1 aHeprum
Xenartop MeTannos
bydep npoTnB 3aLlenaymBaHms

YyacTtue B opMuUpoBaHnn U PyHKLUN KITETOYHOU
obonoyku

KOHTpoOrb 3a akTUBHOCTbIO FEHOB
CybcTtpaTt pochopunnpoBaHns rroKo3bl

MunHMMM3aLmMsa TOKCUYECKOro AENCTBUSA TSXKENbIX
METaliyioB

MeTtabonuiam poconmnmnaos
Perynauna pH romeocTtasa, ocmoagantaumsa n ap.



 Hanbornee Ba)kHbI ODUONOrMYECKUN
AP eKT nonmdocdaTtoB — KOPPEKLNA B
npouecce pocTta 1 pasBUTUS MULIENUS,
OTBET Ha CTpecc n aeduunT nUTaHus



[Tonudoocdatsl Npn nccnegoBaHUM C MNOMOLLBHO
9NIEKTPOHHOU MUKPOCKOMUU

W

[Tonudocdarel B BaKyossax KICTKH [Tomudocdare! B sape cropbl
mutienust A.bisporus Pleurotus pulmonarius
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POLYPHOSPHATE GRANULES IN THE FUNGI OF TWO LICHENS

By G. A. CHILVERS, M. LING-LEE and A. E. ASHFORD*

Botany Department, Australian National University,
P.O. Box 4, Canberra, ACT 2600, Australia

(Received 26 April 1978)

SUMMARY

Using Toluidine Blue-stained sections, metachromatic granules have been detected in the
fungi of two different lichens. These are histochemically identical with similar granules found
in the fungal component of mycorrhizas and, like those, appear to consist largely of poly-
phosphate. Small numbers of polyphosphate granules have been previously reported from
the algal component of a lichen, but not from the fungus. In the material examined here,
the size and number of granules in the fungus greatly exceeded those in the algae. These
granules merit further investigation to evaluate their significance in ion uptake and accumu-
lation within this symbiotic system.
Collema, Peltigera



[MTornndocdatel y MukodbnoHToB Collema (1,2) n Peltigera
(5,6)
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POLYPHOSPHATE IN ZYGOMYCETES: A CYTOCHEMICAL STUDY
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ABSTRACT

The inorganic phosphorus content, and distribution, structure and localization of polyphosphate in mycelia
of zygomycetous fungi was evaluated. Ultrastructural cytochemistry was successfully used to identifying
the localization and distribution of polyphosphate in Absidia cyvlindrospora, Gongronella butleri and Mucor
Javanicus. The results revealed differences in the cytochemical staining pattern in all species studied and a
uniform labeling on the cellular surface (cell wall and citoplasmic membrane). Reaction products were observed
in intracellular structures and cellular membrane. Intracellular staining was observed in trabecullar, vacuolar
and vesicular structures, in dense bodies and in the cytoplasm. However, the cytochemical staining intensity
varied during the cellular growth. Analytical procedure revealed the phosphorus content during cell growth.
The results demonstrated that phosphorus content varied during cultivation time and could be related to the



Figure 16. Mucor javanicus. A - Reaction products in cell
surface (arrows), cytoplasm labeling (arrowhead) and electron
dense deposits within vacuoles (thin arrow). Electron dense
inclusions containing reaction products (*). 20.000 X. B - Thick
cell wall with a decrease in polyphosphate labeling (arrow);
cytochemical labeling in vacuole membrane (arrowhead);

clectron dense mclusions associated to cytoplasmic face of

cell membrane( ). 40.000X. C- surface labeling (arrow), electron

After nine days of
cultivation Mucor javanicus
cells, exhibited a low intensity
of polyphosphate labeling in
cell surface. However, reaction
products were observed incell
membrane, cytoplasm and
electron dense precipitates.
Cells with twelve days exhibited
an intense labeling in the cell
membrane, vacuoles and
mclusions. Onthe fifteenth day
of cultivation cells exhibited the
highest labeling intensity in
vacuoles, cytoplasm and cell
surface compared to Absidia cviindrospora and Gongronella
butleri (Figs. 16 A-C). Electron-dense bodies and inclusions
were not observed in samples on the fifteenth day of cultivation.

Samples with twelve days of cultivation showed a decrease
of'the polyphosphate reaction products at the cell surface of all
species studied and the lowest intensity labeling was observed
in Absidia cylindrospora. The cells presented an intense
vacuolization process and an increase of the cell wall thickness
(Fig. 17).

DISCUSSION

The occurrence of polyphosphate has been reported for
various organisms, both eukaryotes and prokaryotes. The
cytochemical deteccion of polyphosphate shows very distinct
features among these organisms. The cytochemical staining of
cellular polyphosphate by lead salts permit the observation of
polyphosphate precipitated in situ with lead as metachromatic
granules after exposure to the electron beam (8,11). However,
the polyphosphate distribution in Zygomycetes has not
previously been reported. Localization of polyphosphate within

__dense hodies Carrowhead) 4'\mml."l<mi(' Labeline (%) 20 000 X

a cell also depends on the chain lenght. Low molecular weight



Po3eTku rnMkoreHa B rucax 'mMukoreH OCHOBHOM 3anacHOM
nonucaxapua rpmoHoOmn KreTKu.
CuHTe3supyeTtca B uutonnasme.
Ha ynbTpaToHKUX cpe3ax nmeetr
BUA Menkux cepuyeckmnx
rpaHyn gmameTpom okono 40
HM. OH npeacTaBnseT cobou
CUNbHOpPa3BeTBIIeHHbIN

nonumep a-D rnoko3sbl, B
KOTOPOM [JTIHOKO3HbIe OCTaTKU

R . OCHOBHOW Lieny CBSA3aHbI
B _\ < L a-(1 — 4), a ocTaTKn BeTBeM
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LienoyYku. a-fnukoreH

| BCTpeYaeTcs B rpynnax
(po3eTkn) . Moobmnunsaums
rMUKOreHa npoucxoauT nyTem
chepmeHTaTUBHOIO rMaponusa in
situ unu B Bakyonsix




3anacHble nunuabl (0Neocombl)

* B uutonnasme mMoryT HakanmBaTbCs
TpUaUUNrNuuepmuHel (B MOSieKyne rmuuepuHa
0bpa3syoTca 3aPUPHbIE CBSA3U C XKUPHBLIMW KUCIIOTaMM).
Orneocombl COCTOAT U3 MACNSAHOW Kaniu, OKPY>XEeHHOW
NpocTOn NUNUAHON MeMOpaHON, OTAENSIOLLENCS OT
rmagkoro aHgonnasmaruveckoro petukynyma (9r1P).

* B coeanHeHun ¢ pocdaramum n 6enkamm oHn odbpasyroT
doochonunuaHble n dpocdonunonpoTenaHbie rpaHynol,
KOTOpblE Ha cpe3ax NpeacraBnstoT codbon nmbo
FOMOreHHbIE CTPYKTYPbIl, MO0 KOMMMNEKCHI
KOHLEHTPUYECKN PaCnonoXeHHbIX MeMbpaH
(MMennHonoaoOHbIe CTPYKTYpPbI)



dopmupoBaHmne nunugHon kannu y Pleurotus ostreatus




InnngHele BkNoyeHUs B cnope (A) u mmenuHornogobHas
cTpykTypa (b) B Muuennu wamnmHboHa A4BYCNOpOBOro u
nonudgocdaTtbl B Criope BelleHKU fieroyHou (B)




Fig 3 - Transmission electron micrographs of basidiospore
walls of agarics. (A) Thin-walled and smooth basidiospore
of Hygrophorus eburneus TUB 012681. (B) Thick-walled

and smooth basidiospore of Cystoderma amianthinum

TUB 011551, (C) Thick-walled and ornamented basidiospore
with a germ pore (indicated with an arrow) of Lacrymaria
lacrymabunda TUB 014804. D. Thick-wsalled and smooth
basidiospore with a germ-pore {indicated with an amrow)
of Hypholoma fasciculare TUB 012682, Bar = 500nm.




TOTAL LIPID AND FATTY ACID ACCUMULATION DURING
BASIDIOSPORE FORMATION IN THE ECTOMYCORRHIZAL
FUNGUS Pisolithus SP.V)

André Narvaes da Rocha Cam pos(z). Mauricio Dutra Costa'®?),

Marcos Rogério Totola® & Arnaldo Chaer Borges™®

SUMMARY

The basidiospores of Pisolithus sp. contain large amounts of lipids, indicating
provision for future germination in the host rhizosphere. However, the
accumulation, composition, and mobilization of lipids during formation and
germination of these spores are largely unknown. In this study, lipid storage and
fatty acid composition during basidiosporogenesis were analyzed in fresh
basidiocarps using bright-field microscopy and gas chromatography. Abundant
lipid bodies are found in the hyphae, basidia, and basidiospores of fungal
basidiocarps. This evidences a considerable C transport in the basidiocarp to
meet the C demand during basidiospore formation. Fatty acid composition analysis
revealed the presence of 24 compounds with chains of 9 to 18 C atoms, either
saturated or insaturated, with one or two insaturations, The fatty acid composition
and content varied according to the developmental stage of the peridioles. Infree
basidiospores, the predominant compounds were 16:0, 16:1wbe, 18:1w9¢, and
18:2w6,9¢/18:0ante, at concentrations of 76, 46, 192, and 51 pg g' dry matter,
respectively. Our results indicate that oleic acid is the major constituent of lipid
reserves in Pisolithus sp. basidiospores. Further studies are being conducted to
determine the factors that induce lipid mobilization during spore germination.

Index terms: Basidiomy cota, basidiosporogenesis, carbon storage, ectomycorrhiza,
fatty acids.

R.Bras.Ci.Solo 2008. v.32:1531-1540



Figure 1. Hyphae, basidia, and basidiospores of Pisolithus sp., stained with Congo Red and Sudan Black B,
showing the lipid distribution (black inclusions) in the fungal structures. (a) Abundantlipid distribution
in young basidia and hyphae. (b) Lipids in a connection clamp located at the base ofbasidia. (b to g)
Progress of lipid accumulation during basidiospore development. (h) Storage lipids in mature
basidiospores taking the whole internal space of the spore (light brown to black spores). Bars:a =30 pm:
btoh=5 um.



* JlunnaHsle Kannm obHapyXeHbl y BONbLUIMHCTBA 3yKapuoT U
HekoTopbIx npokapuoT LDs (lipid droplets, lipid bodies, lipid particles,
oil bodies). [lonroe Bpemsa cuntanu, YTo 3TO OTHOCUTENBHO
NHEPTHble KoMNapTMeHTbI. [lonaranu, 4To OHM PYHKUUOHUPYIOT
TOJIbKO, KaK MECTO 3anacaHuns UsnuHen aHeprum 1 HakonseHus
XXUPHBbIX KNCIOT U CTEPOSIOB B pOpMe HeNTpanbHbIX NMNUOO0B,
rmaBHbIM 0B6pa3omM, TPMaUUNIINLEPUHOB N CTEPUNOBBLIX 3(PUPOB.
AccounnpoBaHHbIE C MOHOCIIOAMU hocdhonmnuaoB u benkamm B
LEeHTpe — HeuTparnbHble nunuasl LDs moryT 6bITb NOABEPTHYTHI
rMaponusy B perynmpyemMmomn goopme nunasamu. B pesynerarte
BO3BpaLLEHNE 3anaceHHbIX HE 3UPHbBIX CBODOAHBIX XXUPHbIX
KMCIoT, doconmunnaoB 1 CTEPOSIOB MPOUCXOAUT CHabXeHue
9HEpPrnemn Yyepes OKUCIIEHNE XKNPHbLIX KACIOT MPU HEXBATKE NUTaHUS,
nogaepXxaHnu romeoctasa MeMbpaHHbIX TMNUAOB BO BPEMSI pOCTa
KNETOK U1 MOoaynsaunm ypoBHA CBODOAHbLIX CTEPOSIOB BHYTPU U
CHapYyXu KNeTKu.



OYHKLUUM NUNNOHBIX Kanesb

pe3epBHbIN UCTOYHUK yrrepoaa,

yaaneHne nuHnx 6enkoB 13 pyrmx KOMNapTMeHTOB
Ons MHakTMBauum u/unm sanacaHums,

obecneyunBaloT yKnaaky Oenkos, 3asKOPEHHbIX OKOMO
NMUNUOHbIX Kanensb,

cHabXXeHne NoOBEePXHOCTU NUNUAHbIX Kanenb Ans
nocnegoBaTenbHOW Aerpagaumm omMOoYHbIX U HE
YNOXXEHHbIX 6ernkoB, KOTOpPblE B MPOTMBHOM Cryvae
MOryT (popMMpPOBaTb TOKCUYECKME arperatbl B
LiuTonniasme,

CHabXXeHne HEKOTOPbIMU CBA3aHHbIMK C NUNNOHBIMU
KannamMmmy 6enkamm KoMnapTMEHTbl Yepes NeEPEHOC UMK
KOHTaKTHblE MecTa.
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% o Tperanosa
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BaXHbIX 3anacHoOU aucaxapua B BEretatuBHbIX KMeTKkax
N B criopax rpnbos.

Tperanosa siBNSIeTCA OCHOBHbIM NPOTUBOCTPECCOPHbLIM
BELLEeCTBOM, TOKann3oBaHHbIM B LUTOMNasMe u
3almuaowmm memopaHbl npu 06e3BoXXMBaHUN.

Tperanosa 3awmilaeT 6enku ot geHatypauum u
npeumMnuTaLmmn.

[MpoTekTopHOE OENCTBUE TPEeranosbl CBA3bIBAOT C
3amelleHneM MOoJeKyrbl BoAbl Ha NOBEPXHOCTU OenkoB
VN1 Jpyrx MakpoMosieKyn n crnocoOHOCTbIO K
oOpa3oBaHMI0 CTPYKTYpbl NOgOOHOM CTEKNy, a He
KpUCTarnnoB nopa JeNCTBUEM BbICYLLMBAHUSA U
3aMopaXknBaHus.

Tperanosa — VWHeBOA — yrneBoa 13 rpyrirnbl HEBOCCTAaHaBIIUBAKOLWNX

AHCaxapiEeE — YIreBod U3 rpyrnnbl HEBOCCTaHABJIIMBAKOLWLNX OncCaxapngos. B

npupogHoun Tperanose 2 octaTtka D-Fokozk cBsA3aHbl A,a-rMNMKO3MAHON CBA3LIO.



sucrose !ucose

TPErAJ103A, ®»YHKLUUA <:I ek trehalose
CH,0H UDPG <= glucose 6P —= e
H I xyloselarabutoli *
R
| B Gl . s L ik

DHAP F— GA 3P E-4p « =
F-6P
PaHee Tperanosy cuntanu nuilb OOQHUM U3 /
PERpY 2 . ’
3anacHbiX yrnesogoB, HO MO COBPEMEHHbIM J /\)Ci/OH
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F1G.5. Scheme of major events in carbon metabolism in A. nidu-
rMMKONnN3a, KOHUEHTpauun rnoko3ssl n ATO B lans. The major compounds observed by *C NMR are indicated.
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