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In memoriam

Academician Profesor Doctor Neculai COSTACHESCU
(1876- 1939)

Fig.1. Neculai Costichescu (1876- 1939)

Neculai Costachescu a fost discipolul si urmasul lui Petru Poni la catedra de
Chimie anorganicd de la Facultatea de Stiinte a Universitdtii din lasi in perioada
1908- 1939. Autorul primei teze de doctorat in stiinte din Romania (1905), a initiat
cercetarea complecsilor in Roméania dupa un stagiu la Alfred Werner (Nobel, 1913).
A format o scoala in acest domeniu, raspandita de discipolii sai la Cluj, Bucuresti,
Timisoara si Chisinau. Familia sa academica are peste 500 membri. Ca ministru al
Instructiunii a consolidat infrastructura Universitdtii din lasi cu patru noi palate dotate
cu laboratoare, clinici biblioteci, amfiteatre. A fost primul Decan al Facultatii de
Chimie Industriala (1937- 1939) la Scoala Politehnica “Gheorghe Asachi”. A luptat in
Razboiul de intregire (1916- 1918). Merita toata recunostinta noastra.

1. Cursul vietii

v 1876, la 18 februarie, se naste la Husi, « orasul dintre vii ». Marco Bandinus
scria in 1646 despre Husi: « Husul, straveche asezare a podgoriilor Moldovei,
produce un vin gustos, aromat si foarte mult cautat. La Husi era sediul Episcopiei de
Husi, cu Seminar teologic. Dar primul Gimnaziu, cu numele « Anastasie Panu », a
inceput abia in 1891. De aceea, Neculai Costachescu a facut scoala secundara la lasi.
De la Husi aveau sd vind si Radu Cernatescu- urmasul sau la catedra, precum si
Raluca Ripan.
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v/ 1887- 1894, elev la Liceul National din Iasi.
Exact Tn acest interval s-a construit noul palat, dupa planurile arhitectului
N. Gabrielescu, pe locul fostului internat. Prin urmare, elevul Costachescu a invatat in

vechea casd Cazimir a Academiei Mihailene (cladirea din stanga, fig 3, demolatd in
1960).
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Fig.3.Academia Mihaileana (stanga) si noul Liceu National (dreapta)

v/ 1895- 1896, studiaza la Scoala Normala Superioara (SNS) condusi de
Anastasie Obregia. Aici a fost remarcat de profesorul Pentru Poni pentru conferintele
sale stralucite pe teme de chimie si de fizica. SNS, infiintata in 1880 de prof. Stefan
Barsanescu, va fi inlocuitd prin Legea Haret din 1898 cu « Seminarul Pedagogic
Universitar »[1].
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v/ 1897- 1901, student la Universitatea din Iasi, Facultatea de Stiinte, sectia
Fizico- chimice. Ia licenta in 1901. Inainte de licentd, profesorul Poni 1-a luat ca
asistent la Laboratorul de Chimie Minerald, la lucrarile de cercetare asupra petrolului
romanesc. Intr- adevar, in Anuarul Universitdtii din lagi, anul scolar 1899-1900,
Laboratorul de Chimie minerala era compus din: Director- Petru Poni, Asistent-
Nicolae Costachescu, Preparator- 1. Gheorghiu [2].

v/ 1900, in septembrie, Petru Poni scoate revista Annales Scientifiques de
I’Universite de Jassy. Dragomir Hurmuzescu era secretar general. Tn primul an ies 3
fascicole cu 16 articole, intre care 2 ale lui Petru Poni despre compozitia petrolului
romanesc, la care a lucrat si N. Costachescu.

Fig.4. Palatul Universitatii, construit in 1893- 1897

v 1901, la 1 aprilie, Petru Poni 1l propune sef de lucrari, pentru pregatirea
lucrarilor de la curs, fapt confirmat de Anuarul anului scolar 1901/1902 [2].

v 1905, la 2 decembrie, sustine teza « Gazurile cuprinse in sare si in vulcanii
de glod din Roménia », sub indrumarea Profesorului Petru Poni. Era prima teza de
doctorat in stiintele naturii, efectuata in tara.“Comisiunea examinatoare: Petru Poni-
presedinte, Anastasie Obregia- membru, I.G. Stravolca- membru®“. Decan era Paul
Bujor- profesor de Morfologie animala.

v/ 1906, sustine si castigd concursul pentru o bursi Adamachi de studii in

strainatate.

v' 1906 - 1908. Cu aceasta bursa lucreaza cu Alfred Werner la Universitatea
din Zurich, timp de 4 semestre in chimia complecsilor. A publicat doua lucrari. Alfred
Werner, Laureat Nobel pentru descoperirea substantelor complexe (1913), fusese
coleg cu Anastasie Obregia la Zurich.

Fig.6. Alfred Werner (1866- 1919) laureat Nobel in Chimie (1913)



Buletinul S. Ch. R. Nr. XXV, 1/2018 7

v 1908. Revine la Iasi ca profesor suplinitor de Chimie minerala, in locul lui
Petru Poni iesit la pensie 1n acelasi an.

v/ 1911. Sustine examenul de docenta/ habilitat.

v 1912. Profesor titular prin concurs la Chimie anorganica

Fig.5. Coperta primei teze de doctorat in stiinte din Romania a lui Neculai Costachescu

v/ 1916- 1917. Mobilizat in rizboi (comandant companie) scrie Jurnal de front
1916- 1917 si contribuie direct la Infaptuirea Romaniei Intregite.

70 UNIUNEA
SOVIETICA

I1UGOSLAVIA

BULGARIA

Fig.7. Harta Romaniei intregite Th 1918

v 1916- 1918. De la 26.11.1916 pana la 30.11. 1918, conducerea tarii (regele
Ferdinand I, Regina Maria, Guvernul, Parlamentul) s-a refugiat la Iasi, care devine
capitala de razboi a tarii. Orasul Iasi, cu 80.000 locuitori, ajungea la 450.000 de
locuitori, cu cei veniti din toata tara. Epidemie, foamete, disperare. Regina a ajuns in
26 noiembrie 1916 in gara Grajduri, dar a locuit In vagon timp de 2 saptdmani pana i
s-a amenajat o casa care a devenit “Reduta Sperantei” (casa Cantacuzino- Pascanu,
actualul Palat al Copiilor ).
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v 1918. In 18 decembrie, N. Costichescu devine membru-fondator si vice-
presedinte al Partidului Tardnesc al invagatorului lon Mihalache din Topoloveni-
Arges. In anul urmator vor adera si alti intelectuali de seama: Virgil Madgearu, Cezar
Petrescu, Camil Petrescu, Victor Ion Popa, apoi si Mihai Ralea, Gheorghe Zane,
Constantin Radulescu-Motru.

v 1919/1920. Gheorghe Spacu (1883- 1955) cu doctorat in 1916 si conferentiar
din 1918, se transfera la Universitatea « Regele Ferdinand I » din Cluj unde va deveni
Decan si Rector. In 1940 va pleca la Universitatea Bucuresti. Astfel, Scoala de Chimie
a complecsilor, initiatd de Costachescu si dezvoltatd de Spacu, s-a raspandit in alte
doua centre: Cluj si Bucuresti.

v' 1927. Olga Sturza a sculptat Monumentul Unirii, plasat in locul Tn care s-a
pus in 1957 statuia lui Eminescu (Fig. 10). In 1947, Comisia de armistitiu a ordonat
distrugerea ei. Dupa 1990 a fost refacuta in fata UMF (Fig 9).

v/ 1926. La 10 octombrie s-a creat Partidul National Taranesc (PNT) prin
fuzionarea PN- luliu Maniu cu PT- Ion Mihalache. Neculai Costichescu era ales
presedinte al PNT pe Moldova. Devenea Senator din partea Universitatii.

v’ 1928. PNT castiga alegerile cu 77,76 %. Neculai Costachescu intrd in
Guvernul Maniu-I, Guvernul Maniu-1l, Guvernul Gh. Marinescu, ca Ministru al
Instructiunii Publice, de la 10 noiembrie 1928 — 14 noiembrie 1933, cu o intrerupere
in aprilie 1931- mai 1932 cand a fost guvernul lorga.

v/ 1929- 1933. Are loc extinderea palatului Universitatii (Fig. 8). Intre 5 august
1929 si 8 august 1933 palatul a fost marit de aproape 3 ori, dupa proiectul arhitectului
I. G. Pompilian. Fondurile au fost alocate de guvern, cu sprijinul ministrului Neculai
Costéachescu. Desi a fost receptionatd la 8 august 1933, lucrari s-au mai facut si dupa
1940, incat Costachescu n-a ajuns sa vada noua cladire terminata.

Fig.8. Palatul Universitatii din Tasi in 1897 (a) si extins in 1929 - 1933 (b)
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v’ 1929- 1932. S-a construit Palatul Clinicilor Chirurgicale la Spitalul “Sf
Spiridon” lasi. S-a inaugurat in luna octombrie 1933 si s-a pus o placa (Arhitect 1.G.
Pompilian) pe care scrie: “Acest palat al clinicilor chirurgicale a carui constructie a
inceput in anul 1929 si s-a terminat in luna noiembrie 1932, din initiativa §i prin
netarmuitul sprijin al D-lui Neculai Costachescu, ministrul Instructiunii Publice
1928- 1931 si prin staruinta neobosita a D-lui Prof. dr. loan Tandasescu si Prof. dr.
Vasile Parascanu- epitropi ai Casei Sf Spiridon 1928- 1931 »

Fig.9. Palatul Clinicilor Chirurgicale, Spitalul Fig.10. Prof. Ton Tanasescu alaturi de
,»of. Spiridon”, Tasi, 1933 viitorul profesor si sef de clinicd Vladimir
Butureanu, impreund cu restul
colaboratorilor

De asemenea, a sprijinit constructia aripei din dreapta (spre Spital, Fig.11) a
cladirii care «a Tmbratisat» vechiul palat al facultatii de medicind/ universitatea din
1860. S-a Tnceput cu corpul din spate (1912), s-a continuat cu aripa din stanga- spre

Institutul de Anatomie (1922) si s-a incheiat cu aripa dreapta (1935).

. . . Fig.10-12. Palatul Fundatiei Universitare
Flg.9-1"1. Pe}latUI extins al UMF 'j'Grlg(_)r.e. ,,Reggele Ferdinand I” din fagi (1930- 1934);
T.'Popa Ia_sl; Monumentul Mar'! unirii_ carge postala interbelica. In partea dreapta a
din 1918, inaugurat la 1 decembrie 1999 rainii acolo unde Tncepe Bulevardul Carol
I, se poate observa Monumentului Unirii ,
realizat de principesa Olga Sturdza,
inaugurat in anul 1927 si distrus in 1947

v 1930- 1934, s-a construit palatul Fundatiei Culturale “Regele Ferdinand I”.
Aceasta fundatie a fost Infiintatd de Regele Ferdinand in 11 februarie 1926,
dotata cu un fond de 200 milioane lei, lasati de Rege prin testament. Avea scopul de a
sprijini dezvoltarea culturii in Romania, ca si Fundatia Carol I din Bucuresti. Era un
semn al recunostintei sale pentru orasul care 1-a gdzduit 1n anii grei ai refugiului.


http://turism-iasi.ro/index.php?id=348
https://ro.wikipedia.org/wiki/Monumentul_Unirii_din_Ia%C8%99i
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La 20 iulie 1927 s- a alcatuit Consiliul Fundatiei Ferdinand din care facea
parte si Profesorul Costachescu, aldturi de Rectorul Petru Bogdan, Ministrul Caseli
Regale si G.T. Kirileanu — secretarul general al Fundatiei. Ei au ales proiectul stil
neoclassic propus de architect Constantin lotzu, din cele 7 proiecte propuse. A costat
70 milioane lei si a fost construitd de Emil Prager. Are fatada din piatra masiva de
Rusciuk si un balcon cu 6 coloane ionice. Are o sala de conferinte cu 422 locuri.
Recent s-a refacut statuia lui Ferdinand din aceastd sala, distrusd in 1947. Dupa
nationalizare, pana azi, a devenit sediul Bibliotecii Centrale Universitare (BCU)
“Mihai Eminescu” din Iasi.

v' 1932 4 august- 1933 18 noiembrie este Presedinte al Senatului Romaniei,
(intre 1864 si 1940 au fost 43 presedinti). Senatul, desfiintat in 1940, se va reinfiina
n 1990.

v 1933 la 2 decembrie, Decretul Regal numarul 3919 numeste Universitatea din
Iagi « Universitatea Mihaileana ». (la 2 decembrie 1942 statul legionar a numit-o
Cuza Voda, iar in 1948 a devenit Alexndru loan Cuza si asa a ramas, desi Cuza avea
numele de domnitor Alexandru 1. loan )

v" 1936. Neculai Costachescu era ales membru de onoare al Academiei Romane.

v’ 1937-1938. A fost primul Decan al Facultatii de Chimie Industiala de la
Scoala Politehnica « Gh Asachi »

v 1939. Moare la 14 iulie, rapus de boald. N-a avut copii. A rimas doar sotia. In
Anuarul Universitatii Mihailene pe 1938-1939, la rubrica Figuri disparute, Rectorul
Ioan Ténasescu scria cateva randuri de lauda despre marele disparut: “ «Om de
muncd, cu o cultura vasta, spirit clar, in curent cu toate ideile noi, din scoala lui a
iesit o pleiada de elemente de valoare, unii azi profesori universitari, altii chimigti cu
mare faimd. In calitate de reprezentant in Senatul Tarii si ca Ministru al Instructiunii
Publice a aparat intotdeauna cu darzenie interesele Universitatii din lasi, obginand
fondurile cu care s-a ridicat noua cladire (extinderea). A inchis ochii insd, inainte de
a-si vedea visul realizat: inaugurarea noului Palat al Universitatii. Tot datorita lui,
Facultatea de Medicina are cea mai frumoasa Clinica chirurgicalda din tara. Exemplu
de corectitudine, model de consecventa in toate imprejurarile, de o inalta tinuta
morala, el a dat dovada de multa pricepere si prestigiu in locurile de raspundere pe
care le-a ocupat. Prin disparitia lui Universitatea noastra a pierdut un emerit
profesor si un mare sprijinitor » (Rector, Prof. dr. loan Tandsescu la deschiderea
anului 1939-1940, la 15 octombrie, in prezenta lui Petru Andrei ca Ministru al
Educatiei) ™ .

In acelasi Anuar apare si articolul lui C.V. Gheorghiu (care i-a urmat ca
Decan la Chimie Industriald) intitulat Profesorul Neculai Costdachescu (1876- 1939),
publicat si In Revista Stiintifica Adamachi in 1939. La catedra, Neculai Costachescu
era Tnlocuit cu Radu Cernatescu- profesor de Chimie anorganica si analitica.

Textele lui Ton Tanasescu si C.V. Gheorghiu erau ultimele dedicate vietii si
activitatii lui Neculai Costachescu. De fapt, era sfarsitul evolutiei ascendente a
Universitatii §i a Romaniei. Anuarul nu a mai aparut pand in 1959 cand s-a hotarat
sarbatorirea centenarului in 1960 (dupa ce ni s-a permis sa sarbatorim Unirea in
1959). Dar erau alti oameni, alt limbaj, alte valori.

2. Contributii stiintifice

Neculai Costachescu a lucrat ca asistent de cercetare in laboratorul lui Petru
Poni inca din anii studentiei. Rezultatele le-a publicat in doud lucrari privind
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compozitia petrolului romanesc, mentionate de revista de referate Chemische
Zentralblatt din 1903 si 1905 (primele doua lucrdri din Anexa 1). Dupa licenta
(1901), a fost trecut pe post de sef lucrari (pregatea lucrdrile experimentale care
insoteau cursurile). Apoi a lucrat la teza de doctorat, sustinuta in 1905. Era prima
teza de doctorat efectuata si sustinutd in Romania. Titlul obtinut era cel de
Philosophie Doctor (PhD) care se acordase prima data in lume la Universitatea
Yale (USA) in 1861. Daca tinem cont de faptul ci Universitatea din Iasi exista
numai din 1860 si a avut conditii de cercetare moderna abia dupa 1897 cand s-a
mutat in cladirea noua si revista proprie (4nalele Stiintifice) din 1901, teza din
1905 era un rezultat remarcabil.

Teza a fost imprimata la tipografia “Dacia”, cu cheltuiala Fundatiei «Carol
I». Are 101 pagini (34 randuri/pagina, pe o coloana), Dimensiuni 23/16 cm, oglinda
textului 17/10 cm. Pe prima pagind scrie: “«D-lui Profesor Petru Poni. Omagiu i
recunostintd ». Teza are 4 capitole si Bibliografie. In capitolul I analizeaza, in 20
pagini, lucrérile precedente, de la R. Bunsen (1853) despre sarea de la Wieliczka,
pana la cele mai noi. Primul roman care s-a ocupat de acest subiect a fost C. I. Istrati
cu “Sarea din sarnitele Romaniei (1894)”.

Petru Poni si C. L. Istrati au fost de acord ca N.Costachescu sa continue
studiile lui Istrati. Tn capitolul 1l, Metodele de luare si analiza a probelor, descrie
intregul protocol experimental, lucrul cu aparatul Hempel, dupa dizolvarea sarii in
apa. In capitolul 111, descrie Analizele la salinele de la Slanic-Prahova, Ocnele Mari,
Doftana, Tg. Ocna, Meledic- Buzau; apoi la vulcanii de glod de la Policiori si Berca,
focurile nestinse din Lopatari, gazul de petrol de la Ocnele Mari. Discuta si compara
rezultatele. Sarea confinea in medie 84% metan, etan, olefine, dioxid de carbon,
oxigen si azot. Are 12 tabele cu rezultate experimentale. n capitolul IV, Conclusiuni,
cauta o explicatie a originii gazelor din sare: faund marina descompusa.

Lista principalelor lucrari stiintifice publicate de Neculai Costachescu in
intervalul 1903- 1938 este prezentata in Anexa I. Lucrarile 5 - 14 din aceasta listd
sunt din domeniul chimiei substantelor complexe, domeniu pe care 1-a intiat si a fost
apoi dezoltat de discipolii sdi. Dintre doctoranzii sai, au finalizat teza Gheorghe
Spacu (1916), Ruxanda Rdscanu, Timotei Cosciug si Anton Ablov (1938).

3. Urmasii: familia academica a lui Neculai Costiachescu

Se spune cd un profesor este cu adevarat mare, atunci cand este depasit de
discipolii sdi. Profesorul Costichescu a reusit sd transmitd pasiune si pricepere
doctoranzilor sdi in cercetarea complecsilor, un domeniu care este si astdzi in
actualitate.

Primul sau « copil » a fost Gheorghe Spacu care, insotit de Raluca Ripan, a
fondat scoala de Chimie anorganica moderna de la Cluj (1920- 1940), apoi cea de la
Bucuresti (1940- 1955). De la Cluj, s-a transmis la Timisoara prin intermediul lui
Ilie Murgulescu si Coriolan Dragulescu. Un alt discipol ilustru al lui Costachescu a
fost Anton Ablov care a fondat Laboratorul de Chimie coordinativd din Chisiniu,
condus, dupa 1978 de academicianul Nicolae Gorbalau.

La Iasi, catedra sa a fost preluatd in 1939 de Radu Cernatescu. Anexa Il este
o listd de 17 profesori si academicieni care sunt urmasi directi, precum §i « urmasii
urmagilor » lui Neculai Costdchescu pdina la a 5-a generatie. Este o familie
academica numeroasa care cuprinde cel putin 500 membri.
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Scoala sa are filiale in 5 mari centre universitare: Bucuresti, Cluj-Napoca,
Timisoara, lasi si Chisinau. Lista poate fi corectatd si completatd. Ca recunoastere a
valorii operei sale stiintifice, a fost ales Membru corespondent al Academiei Romane
in 1925 si Membru de Onoare in 1936 [4].

4. Profesor, ministru, presedinte al Senatului, combatant in bitiliile de la Oituz

Despre Profesorul Costachescu, C. V. Gheorghiu scria [1]: «Ca Profesor,
Nicolae Costachescu facea lectiuni stralucite; totdeauna la curent cu ultimele
progrese ale chimiei. Chestiunile cele mai grele le expunea cu o claritate i un talent
didactic impresionant. Toate cursurile sale erau insotite de numeroase experiente din
cele mai grele, conduse cu o mdana de maestru. Admiram la el siguranta gandirii,
precizia ideilor, claritatea si eleganta vorbirii. In laborator a dezvoltat o activitate
bogata in domeniul chimiei minerale, initiind in tara noastra cercetarile asupra
starilor complexe, prepardnd o serie de complecsi noi, formand o serie de chimisti
distingi care au facut cinste Universitatii din lasi. Dintre numerosii sdi elevi amintim:
Gheorghe Spacu, Raluca Ripan, Antonie Ablov, Ruxanda Rdscanu, Timotei Cosciug,
D-na Triandaf. Un coleg cu spirit impdaciuitor, iar in consiliile de facultate avea un
tact deosebit in rezolvarea chestiunilor cele mai grele ».

Tntre 1916-1917 a fost comandant de companie n luptele de la Oituz care au
atins un maxim in 11-13 august 1917. Cu deviza « pe aici nu se trece » trupele
romane au impiedicat puterile centrale sa cotropeasca tara. Totusi, deoarece Rusia s-a
retras, Romania a trebuit sa semneze armistitiul de la Focsani in 9 decembrie 1917.
Dar, in final, victoriile de la Marasti, Marasesti si Oituz, din 22 iulie - 22 august
1917, au permis Romaniei recuperarea provinciilor ocupate de imperiile invinse, in
1918-1920.

Experienta razboiului 1-a convins pe Profesorul Costichescu sa intre in
politicd pentru a contribui la indeplinirea promisiunilor facute de catre Rege
soldatilor (pamdnt si drept de vot). La 18 decembrie 1918 s-a inscris in Partidul
Tardanesc al lui lon Mihalache si a fost ales vice-presedinte. In 1926 acest partid a
fuzionat cu Partidul National Roman al lui luliu Maniu, formand Partidul National
Taranesc. Profesorul Costachescu a fost ales presedinte al PNT pe Moldova. La
alegerile din 1928, PNT a obtinut 77,76% din voturi la Camera si a guvernat intre 10
noiembrie 1928 - 14 noiembrie 1933, cu o ntrerupere de un an (aprilie 1931- mai
1932) de guvernul lorga.

Tn cele trei guverne PNT, Neculai Costichescu a fost Ministru al lnstructiunii
Publice si a militat pentru ridicarea scolilor de toate gradele: «Scoala sdteasca sa fie
dezvoltata in raport cu structura neamului nostruy, dar §i scola superioara pentru Ca
«din amfiteatru va porni migcarea sandtoasa care va imbratisa tot invatamantul pana
jos», spunea el.

A 1ubit foarte mult Universitatea Mihdileand (asa s-a chemat intre 1933 si
1942) pentru care, ca ministru, a alocat fonduri si a controlat lucrarile de extindere a
Palatului universitar de la Copou. Lucrarile, inaugurate in 1933, au continuat si dupa
1940.

De asemenea, a alocat fonduri si a urmarit extinderea cladirii Facultatii de
Medicina cu aripa din dreapta (dinspre spitalul Spiridon). Un al 3-lea palat facut
pentru Universitate a fost cel al Clinicilor Chirurgicale de la Spitalul «Sf. Spiridon».
Pe holul de la intrarea in Clinica Il (cea din mijoc), pe peretele de langa amfiteatru,
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s-a facut un altorelief in care Profesorul Dr. Ioan Tanasescu, atunci Rector, multumea
ministrului Neculai Costachescu pentru ajutorul acordat la construfia acelor clinici-
cele mai moderne din tara Tn acei ani (Fig. 13).

In calitate de ministru al Instructiunii a ficut parte din Consiliul Fundatiei
Culturale «Regele Ferdinand I», format din Ministrul Casei Regale, Rectorul
Universitatii si secretarul general al Fundatiei (G.T. Kirileanu) avand un rol decisiv In
alegerea proiectului (din cele 7 inscrise la concurs).

EPITROPIA GENERALA

A
SPITALELOR $1 OSPICIILOR CASEI
SF. SPIRIDON IAS!

ACEST PALAT AL CLINICILOR CHIRURGICALE
A CARUI CONSTRUCTIE A INCEPUT IN ANUL 1929
S| S'’A TERMINAT IN LUNA NOEMBRIE 1932 DIN
INITIATIVA $I PRIN NETARMUITUL SPRIJIN AL DLY!
NICOLAE COSTACHESCU MINISTRUL INSTRUCTIUNII
PUBLICE 19281931 $I PRIN STARUINTA NEOBOSITA
A DY PROFESOR DE |OAN TANASESCU s
PROFESOR DR VASILE RASCANU EPITROPI Al CASEI
SF. SPIRIDON 1928-1931

S'A INAUGURAT IN LUNA OCTOMBRIE 1933
PUNANDU'SE ACEASTA PLACA PENTRU A FI
GENERATIILOR PREZENTE $I VITOARE ALE |ASULUI
DREPT PILDA DE MUNCA S| DEVOTAMENT IN
SERVICIUL BINELUI OBSTESC.

»

Prof. Ion Tandsescu

ARHITECT PROF. |. POMPILIAN
ANTREPRENOR ING.P. MOCCIA

Fig. 13. Placa memoriala care marcheaza contributiile lui N. Costachescu si I. Tanadsescu

Fig. 15. Sala de operatie in anii 30
intrarea in amfiteatru, Tntre busturile (Clinica Prof. 1. Tandsescu)
Prof. Nicolae Hortolomei si Prof. Leon Scully

Fig. 14. Inscriptia fixata pe peretele de la
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Astfel, 4 dintre cele mai frumoase palate ale lasilor sunt legate de cei 3-6 ani
in care Neculai Costachescu a slujit ca ministru al Instructiunii Publice. De asemenea,
intre 4 august 1932 si 18 noiembrie 1933, a slujit tara ca Pesedinte al Senatului
Romaniei [6]. A activat cu daruire si la conducerea Ligii Culturale care avea ca
program emanciparea culturald si unitatea tuturor romanilor.

Neculai Costachescu a sprijinit invatamantul superior tehnic, existent la
Facultatea de Stiinte a Universitatii din lasi din 1912 sub numele de Sectia de Stiinte
Aplicate (Electrotehnicd, Chimie Industriald, Chimie Agricold). ntre anii 1937-1938,
Chimia Industriald si Electrotehnicd au devenit facultati fondatoare ale Scolii
Politehnice «Gheorghe Asachi» (astdzi, Universitatea Tehnica «Gheorghe Asachiy,
cu 11 facultati). Profesorul Costachescu a fost ales primul Decan al Facultatii de
Chimie Industrialda. Desi bolnav, a tinut o minunata lectie de deschidere la inceputul
anului universitar 1938-1939. A fost, de fapt, ultima sa lectie. Din cauza bolii, n-a
mai tinut nici o prelegere in acest an universitar 1938-1939. A murit la 14 iulie 1939.
I- a urmat, ca Decan, Profesorul C. V. Gheorghiu. Nu a avut alti urmasi decat sotia sa,
Antoaneta.

Despre funeraliile din iulie 1939 scria si ziarul Universul din Bucuresti: « a
disparut Neculai Costdachescu, o mare personalitate a lasilor si a tarii. Sicriul a fost
depus la Catedrala Mitropolitana din lasi. Un adevarat pelerinaj la sicriul
defunctului; mii de cetdteni din toate clasele sociale vin §i aduc un ultim omagiu celui
disparut ». Au participat: Patriarhul Nicodim, Petre Andrei - Ministrul Educatiei
Nationale, Ministrul Comunicatiilor. lon Mihalache (urcat pe un scaun) a tinut un
discurs impresionant din partea PNT.

Prin lucrarile sale care au deschis noi orizonturi, prin devotamentul si credinta
in stiinta, prin dragostea fatd de universitatea ieseand, merita recunostinga noastrd. Au
fost peste 70 ani de tacere nedreapta. Neculai Costachescu nu are nici un bust in lasi.
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6. Anexa l. Principalele lucrari stiintifice ale lui Neculai Costachescu
1. Action de ’acide azotique de differentes concentrations, sous pression, sur l'isopentane, Ann.Sc. Univ. Jassy,
T.2,1903, p.119.
Sur les isohexanes contenus dans les petroles roumains, Ann. Sc. Univ. Jassy, T. 3, 1904, p. 95.
Gazurile cuprinse in sare i in vulcanii de glod din Romdnia, 1905 (teza de doctorat, conducator Pentru Poni).
Sur un heptane secondaire contenu dans le petrole roumain, Ann.Sc. Univ. Jassy, T. VI, 1909, p. 294.
Ueber die Hydrate des Chromfluorids und einen Fall von koordinations- polymerie  bei Hydraten,
Berichte deutsch. Chem. Ges. XXXXI, 1909, I, 132.
. Fluosels de Vanadium, Ann.Sc. Univ. Jassy, T. 6, 1910 p.117.
. Fluorures de Cobalt et de Nickel, Ann.Sc. Univ. Jassy, T. 7, 1911, p. 5.
. Fluorures complexes de chrome, Ann.Sc. Univ. Jassy, T. 7, 1911, p. 87.
. Sur la formation des combinaisons complexes en dissolution (cu Th Apostoi), An. Sc. Univ. Jassy, T. 7, 1911,
p. 101
10. Sels complexes de fer (cu Gh. Spacu), An.Sc. Univ. Jassy, T. 7, 1911, p. 134.
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11. Fluorures complexes de chrome, Il, An.Sc. Univ. Jassy, T. 8, 1914, p.16.
12. Influence des substituants dans les bases et les anions sur l'indice de coordination
s'un metal ( cu A. Ablov), An.Sc. Univ. Jassy, T. 16 (f.3-4), 1930, p. 515.
13. Fluorures complexes de chrome, I1-e communication, An.Sc. Univ. Jassy, T. 17 (f.1- 2), 1931, p. 149.
14. Fluorures complexes de chrome, VIII-e communication, An.Sc. Univ. Jassy, T. 25  (f.1- 2), 1938, p. 385.

6. Anexa II. Scoala initiata de Neculai Costichescu in Chimia moderna

1. Gheorghe Spacu (1883-1955), doctorat in 1916 la Iasi cu Neculai
Costachescu (teza . «Combinatiuni complexe cu fier. Feramine »). Profesor la Cluj
(1920- 1940) si la Bucuresti (1940-1955), Academician din 1936.

2. Radu Cerndtescu (1894-1958), nepotul lui Petru Poni, urmassul lui Neculai
Costachescu la Catedra de Chimie Anorganica din Iasi (1938-1958). Academician in
1948 (Memmbru Corespondent din 1940), primul director al Institutului de chimie
« Petru Poni » din Iasi.

3. Raluca Ripan (1894-1975), doctorat in 1924 la Cluj cu Gh. Spacu. A fost
Profesor (1942-1975), sef catedra Anorganica (1948-1964), Decan la Chimie (1948-
1952), Rector la Universitatea din Cluj (1952-1956), prima femeie Academician din
1948, Presedintele Filialei Cluj a Academiei (1957-1975).

4. 1lie Murgulescu (1902-1991), fiu de taran de la Cornu (Dolj), a studiat
Chimia la Cluj unde a sutinut teza de doctorat in 1930 cu Gheorghe Spacu
(«Complecsii  cuprului cu anionul tiosulfat»). Specializarea din 1932-1933 1in
fotochimie la Leipzig I-a adus in contact cu chimia fizica si cativa laureati Nobel in
domeniu (Debye, Heisenberg, Fajans, s.a.m.d.). n 1934 a intrat prin concurs pe postul
de conferentiar de Chimie fizica si analitica la Politehnica din Timisoara, unde a
devenit Rector in 1947-1949. Tn 1949 s-a transferat ca profesor de chimie-fizici la
Universitatea Bucuresti unde a devenit Rector in 1949-1950. Academician din 1948,
vice-presedinte intre anii 1959-1963 si presedinte (1963-1966) al Academiei Romane,
Ministru al Tnvatamantului (1950-1956, 1960-1963). A condus 30 teze de doctorat (7
teze de dr. habilitat). Autor al tratatului de Chimie fizica in 7 volume.

5. Constantin Gh. Macarovici (1902-1984). Licenta in 1926 la Iasi, doctorat in
1931 la Cluj cu Gh. Spacu, Membru Corespondent al Academiei Tn 1955. Autor de
manuale de Chimie analitica.

6. Anton Ablov (1905-1978), doctor 1932 la lasi cu Neculai Costachescu,
Profesor la Universitatea din Chiginau, membru al Academiei RSS Moldova (1961),
director al Institutului de Chimie al Academiei din Chisinau. O mare personalitate, cu
multi discipoli.

7. Petru Gh. Spacu (1906-1995), doctorat in 1932 cu Gheorghe Spacu si
urmagul acestuia la Catedra de Chimie anorganicd a Universitatii Politehnica din
Bucuresti, Academician din 1990.

8. Coriolan Drdgulescu (1907-1977), licentiat in chimie la Cluj in 1930 si
doctorat Tn chimie - fizica («Contriburii la teoria eflorescenzei substanzelor») in 1936,
asistent la Chimie anorganica timp de 8 ani, publici cu Gh.Spacu si Raluca Ripan. in
1940, refugiat la Timisoara, se apropie de Ilie Murgulescu si de miscarea de stanga
care-l propune primar. Obtine infiintarea facultatii de Chimie industriala de la
Politehnica din Timisoara (Decret 161 din 1948) si este numit primul Decan, Rector
fiind Ilie Murgulescu. In 1963 era Academician (Membru Corespondent din 1956) si a
condus 38 doctoranzi.

9. Candin Liteanu (1914-1990), licenta cu Ilie Murgulescu in 1941 la
Timisoara (in refugiu), doctorat in 1945 cu Raluca Ripan la Cluj, seful catedrei de



16 Buletinul S. Ch. R. Nr. XXV, 1/2018

Chimie anorganica si analitica (1964-1977) la UBB Cluj, Membru Corespondent al
Academiei din 1974.

10. Maria Brezeanu (1924-2005) doctorat in 1956 la Bucuresti in Complexe
polinucleare, cu Petru Spacu, Academician din 1993.

11. Victor Emanuel Sahini (1927-2017), doctor in chimie din 1962 cu
«Contributii la teoria legaturii coordinativey cu llie Murgulescu, sef catedra la
Chimie-fizica Universitatea Politehnica din Bucuresti, Academician din 1990
(Membru Corespondent din 1963).

12. Dumitru Batar (1927-2014), discipol al lui Anton Ablov, a scris o carte
despre acesta.

13. Nicolae Garbalau (1931-2006), urmasul lui Anton Ablov din 1978 ca
director al Institutului de Chimie al Academiei de Stiinte a Republicii Moldova si
directorul Laboratorului de Chimie coordinativa, academician. A publicat Templete
Synthesis of Macrocyclic Compounds, Wiley VCH, 1999.

14. Eugen Segal (1933-2013), doctor in 1963 in cinetica chimica la Ilie
Murgulescu, Academician din 2009 (Membru Corespondent Tn 1991).

15. lonel Haiduc (1937- ). Licenta cu Raluca Ripan intre anii 1959-1960
«Introducere in chimia ciclurilor anorganice» - publicata in volum) la Cluj. Doctorat
la Moscova in 1963 cu Adrianov (1904-1978). Presedinte al Academiei Romane
(2006-2014).

16. Maria Zaharescu (1938 - ), licenta in Chimie la Cluj- 1959, doctorat in
1971 la Institutul de Chimie Cluj, Academician din 2015 (Membru Corespondent din
2001 pana in 2015).

17. Marius Andruch (1954- ), doctorat in 1988 cu Maria Brezeanu,
Academician din 2009. In prezent, presedinte al Sectiei de Chimie a Academiei
Romane.
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DEGRADAREA BIOMASEI LIGNOCELULOZICE DE CATRE
FUNGILE FILAMENTOASE: ROLUL OXIDOREDUCTAZELOR,
RADICALI LIBERI SI PROTECTIA iMPOTRIVA STRESULUI
OXIDATIV.

1. Domeniul fungilor si diversitatea lor
2. Biomasa si degradarea lignocelulozica
3. Enzime pentru deconstructia lignocelulozei
I. Lacaze
Ii. Hemperoxidaze
a. Peroxidaze care actioneaza asupra ligninei (AA2)
b. Peroxidaze pentru coloranti
c. Peroxigenaze si haloperoxidaze
d. Peroxidaze-catalaze
iii. Citocromul P450
iv. Superoxid dismutaza
4. Apa oxigenatd/generare de radicali, ioni metalici si metaboliti secundari
fungici
5. Raspunsul fungic la radicalii liberi
6. Concluzii
7. Bibliografie

1. The Fungal Kingdom and Diversity

Amongst the most important organisms living on our planet are the fungi. With
an estimated 3 to 4 Million different species existing on Earth [39], the Fungal
Kingdom, with its astonishing intra- and inter-specific diversity, remains without
reservation the least well known Kingdom, both at a fundamental physiological level
and at a level of potential applications. However only 120 000 individual species have
been described so far [39].

Fungi are major players in the natural decomposition of plant matter,
environmental pollutants and carbon recycling due to the vast arsenal of enzymes at
their disposal, and partly due to this, fungal enzymes currently represent over 60% of
the technical enzymes commercially available. At present, research, including that at
my laboratory, is focusing on understanding the role of whole fungi, individual
enzymes and combinations of these in the deconstruction of lignocellulosic biomass, a
subject at the core of a global challenge to convert sustainable plant biomass into
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alternative fuels and to provide renewable precursor for industrial processes to replace
those traditionally obtained from fossil reserves. Fungi provide a critical part of
nature's continuous rebirth. The enormous diversity of taxa within the fungal kingdom
encompasses varied ecologies, life cycle strategies and morphologies ranging from
unicellular aquatic chytids to large mushrooms. As all fungi are heterotrophic,
meaning that they cannot make their own food like plants, they must gain nutrients
from other organisms through growth on the organism and absorption of their
nutrients. Fungi release enzymes that essentially digest the food that they are attached
to. Once the organism is broken down by the enzymes, the fungi are able to “simply”
absorb the nutrients to live.

The distribution of fungi is worldwide, growing in a wide range of habitats,
including extreme environments such as deserts or areas with high salt concentrations
[89] or ionizing radiation [28], as well as in deep sea sediments [90]. Some can
survive the intense UV and cosmic radiation encountered during space travel [98].
Most grow in terrestrial environments, though several species live partly or solely in
aquatic habitats, include those living in hydrothermal areas of the ocean [61].

In mycology, species have historically been distinguished by a variety of
methods and concepts. Classification based on morphological characteristics, such as
the size and shape of spores or fruiting structures, has traditionally dominated fungal
taxonomy. Species may also be distinguished by their biochemical and physiological
characteristics, such as their ability to metabolize certain biochemicals, or their
reaction to chemical tests. The biological species concept discriminates species based
on their ability to mate. The application of molecular tools, such as DNA sequencing
and phylogenetic analysis, to study diversity has greatly enhanced the resolution and
added robustness to estimates of genetic diversity within various taxonomic groups
[42], leading over the last decade to a revolution in the genomics of the fungal
kingdom. Since the sequencing of the first fungal genome in 1996, the number of
available fungal genome sequences has increased by an order of magnitude. Over 40
complete fungal genomes have been publicly released with an equal number currently
being sequenced, representing the widest sampling of genomes from any eukaryotic
kingdom. Moreover, many of these sequenced species form clusters of related
organisms designed to enable comparative studies. These data provide an unparalleled
opportunity to study the biology and evolution of this medically, industrially, and
environmentally important kingdom. In addition, fungi also serve as model organisms
for all eukaryotes. The available fungal genomic resource, coupled with the
experimental tractability of the fungi, is accelerating research into the fundamental
aspects of eukaryotic biology.

The enormous biological diversity in fungi encompasses four major groups of
fungal organism, i.e., ascomycetes, basidiomycetes, zygomycetes, and chytrids.
Fungal cellular physiology and genetics share key components with animal and plant
cells, including multicellularity, cytoskeletal structures, development and
differentiation, sexual reproduction, cell cycle, intercellular signaling, circadian
rhythms, DNA methylation, and chromatin modification. The shared origins of the
genes responsible for these fundamental biological functions between humans and
fungi continue to make the understanding of these fungal genes of vital interest to
human biology. In addition, their genomes are more easily sequenced and annotated
relative to most metazoans and their experimental tractability makes fungi among the
most useful model systems in cell biology.
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Fungi are fundamental and predominant influences in almost all aspects of our
lives. They are involved in generating the food we eat and drink, constantly providing
new life-saving pharmaceutical agents, and are the major source of commercial
enzymes; and yet they adversely affect the structural integrity of our buildings (rot
and moulds), poison us, cause common mycoses and in not so rare cases can kill us,
and they are the principal group of microbes responsible for plant diseases that
threaten global food security. Not surprisingly given their importance to humans,
some species of fungi have been studied extensively. For instance, the yeast
Saccharomyces cerevisiae was the first eukaryote with a sequenced genome and
became the premier model species to understand large parts of eukaryotic molecular
biology. However, the realm of fungal biology is far vaster and almost entirely
unexplored beyond a handful of model species, especially with estimates of between
3-4 million fungal species on the planet [39]. The continuing reduction in DNA
sequencing costs and the implementation of functional studies through gene
manipulations are allowing hitherto unexplored fungi to reveal insights into their
biology, at a level that would have been barely dreamed of for the model species less
than a decade ago. This is a new golden age of discovery in the fungi, and an exciting
time to be involved in fungal research, providing new opportunities and avenues for
fungal research for future generations.

2. Lignocellulosic biomass and degradation

The plant cell wall of woody plants and grasses, generally consists of three
predominant polymers: cellulose, hemicellulose and lignin. Lignin is second only to
cellulose in terms of the abundancy of natural polymeric material in existence, and so
its turnover is very important in terms of carbon recycling. The heterologous nature of
the plant cell wall coupled with inter-plant compositional variation, requires any
organism requiring to deconstruct plant-derived material to produce a wide array of
mechanisms to effectively perform this function. This holds true for any aerial or soil-
born organism, pathogenic or symbiotic, as well as our own gut microbiome breaking
down fruit and vegetable fibres for our own well-being. This review will concentrate
on the mechanisms that fungi employ to degrade those lignocellulosic polymers, and
in particular those soluble and insoluble aromatic compounds they are exposed to. Not
all compounds that the fungi are exposed to are beneficial to their health, and so fungi
have evolved a range of strategies to address their contact with the innumerable toxic
compounds which find their way into the environment. These processes can include
degradation, transformation, adsorption and mineralization [84].

Soil-dwelling, endophytic, saprophytic and pathogenic fungi can adapt to
various environmental and growth conditions through their genomes containing a
wide range of genes encoding oxidative and antioxidative enzymes. The
Chaetomiaceae, for instance, can contain genes representing members of the 4 known
heme peroxidase superfamilies. Certain genes are believed to have been incorporated
into the fungal genome through horizontal gene transfer from bacteria [131]. In the
same genomes, genes encoding peroxide degrading enzymes exhibited a greater
diversity than those genes encoding peroxide-generating activities [131].

3. Enzymes for lignocellulose deconstruction
The main armoury that fungi possess for the deconstruction, assimilation and
detoxification of plant material are their extracellular (secretomes) and intracellular
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enzymes (Fig. 1). The enzymes involved in the breakdown and utilization of biomass-
derived material have been classified by various software tools. One such database is
the carbohydrate-active enzymes database (CAZy), based in Marseille, which
provides a searchable constantly updated sequence-based family classification linking
the sequence of enzymes acting on oligo- and polysaccharides to their specificity and
3D structure [68]. The database was expanded to accommodate activities associated
with lignocellulose deconstruction and subsequent conversion (the Auxiliary
Activities, or AA, families) [64]. At the time of writing, there are over 12,000
modules classified within the 14 AA families. Not all the enzymes mentioned below
are contained within the CAZome, and while I will mention where relevant the CAZy
family, | will concentrate solely on the main enzymes involved in generating free
radical species involved in the attack on poly-aromatic structures, and enzymes
produced (intra- and extra-cellular) for the regulation and removal of these radicals

(Fig. 2).

Figure 1. Cartoon of the intracellular and extracellular interaction of fungal enzymes
(&) involved in the degradation of aromatic compounds (L)) derved from
lignocellulosic biomass, together with the involvement of free and enzyme-bound
iron (@), copper (#¥) and manganese (Q).

i. Laccases

Laccases (EC 1.10.3.2), an industrially-relevant class of oxidoreductases (AAl
[64]) are well-defined multicopper oxidases catalysing the oxidation of a substrate
with simultaneous reduction of dioxygen to water [107]. They do not require the
presence of co-enzymes or co-factors, such as NAD(P)H. Fungal genomes contain a
number of laccase-encoding genes, some of which are constitutively produced while
others are inducible. The most characterized laccases are found in fungi belonging to
the Basidiomycetes and Ascomycetes where they were found to be implicated mainly
in defence response, morphogenesis and lignin degradation [38]. Laccases contains
one type-1 (Cul), one type-2 (Cu2) and two type-3 (Cu3) copper ions with Cu2 and
Cu3 ions forming a cluster [38]. The oxidation of the four single-electrons of the
substrate is coupled to the four electron reduction of dioxygen via four Cu atoms of
the fungal enzyme [107] with Cul acting as the primary electron acceptor in this
reaction [38]. The energy needed for a laccase to remove an electron from the
substrate is directly related to the redox potential (E°) of this enzyme and more
specifically on the E° of the electron acceptor Cul [123]. Thus laccases with higher
E° Cul are able to oxidize substrates with higher E° and are more interesting for
biotechnological applications [91].
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Fungal hyphae

Figure 2. Cartoon illustrating the main oxidoreductases implicated in the
extracellular deconstruction of mono- and polymeric plant-derived aromatic
compounds (), together with their association with oxvgen, hydrogen peroxide and
or Manganese. Metal chelators, either secreted bv the fungal hvphae or generated
through enzymatic action are shown as

Laccases are characterized by their ability to react on a broad range of substrates
such as aminophenols, ortho- and para-diphenols, polyamines, polyphenols, aryl
diamines and a number of inorganic ions [38]. The substrates’ range can be further
extended to include non-phenolic compounds in the presence of synthetic mediators
such as ABTS (2,2'-azinobis(3-ethylbenzthiazoline-6-sulfonate)) and HBT (1-
hydroxybenzotriazole) [108] or natural phenolic mediators [24]. The interest in fungal
laccases and their use in biotechnological applications has increased in recent years
since they do not require hydrogen peroxide in their reaction, are highly stable, and
can be immobilized [91]. In addition, the broad range of substrates specificity
especially with the addition of mediators expanded the use of laccases in industrial
processes such as delignification of lignocelluloses, bleaching, detoxification of
textile dyes, bioremediation of xenobiotics, pesticides and explosives, treatment of
wastewater and pollutants [32], the production of natural dyestuff, in the cosmetic
industry, for organic synthesis of different pharmaceutical compounds, production of
biosensors, and in the production of foods, films and gels.

ii. Heme Peroxidases

Classical peroxidases (EC 1.11.1) and heme-containing peroxygenases
(EC 1.11.2) can be classified into either the peroxidase-catalase or the peroxidase-
cyclooxygenase superfamily, as well as also families of di-heme peroxidases, dye-
peroxidases and haloperoxidases. While these enzymes all contain a single heme
cofactor (protoporphyrin IX), there is a low phylogenetic connection between them. A
number of different heme peroxidases have now been reported from filamentous fungi
and are involved in biomass degradation and peroxide regulation.
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a. Lignin-acting peroxidases (AA2)

Ligninolytic peroxidase (Class Il heme peroxidases) were first isolated in the
1980s from the white-rot fungus Phanerochaete chrysosporium, and termed
“ligninase” due to their high redox potential enabling them to oxidize dimeric lignin-
model compounds. It was subsequently revealed that ligninolytic fungi produce a
number of heme-containing peroxidases which are involved in the modification and
breakdown of lignin and other recalcitrant molecules. The classical peroxidase cycle
where the iron in the native enzyme is high-spin, penta-coordinated, while that of the
so-called Compound Il is low-spin and hexa-coordinated and the structures of the
enzymes has previously been been well documented, and an example can be found in
Falade et al [36]. The three main types of lignin-acting heme peroxidases- lignin
peroxidase (LiP; EC 1.11.1.14), manganese peroxidase (MnP; EC 1.11.1.13) and
versatile peroxidase (VP; EC 1.11.1.16)- have been extensively studied.

Lignin peroxidase (LiP), in the presence of H,0,, oxidizes non-phenolic lignin
model compounds including B-O-4arylglycerol-aryl ethers through the formation of
radical cation by one-electron transfer leading to side-chain cleavage, demethylation,
etc [123]. In addition, LiPs can oxidize phenolic compounds, such as catechol,
guaiacol, N-substituted anilines, syringic acid, with the aid of a mediator such as
veratryl alcohol [99] and glutathione [23]. The heme group is completely fixed into
the structure but is accessible through two small channels in the protein. The
molecular weight of characterized LiPs is in the 38-43 kDa range, and fungal LiPs
have a pl of 3.3-4.7. The low pH optimum of 3.0 for the Phanerochaete
chrysosporium LiP distinguishes it from other lignin-acting peroxidases.

Manganese peroxidases (MnP), generally the most abundant secreted lignin-
acting peroxidase, preferentially oxidizes the manganese(ll) ions (Mn*") present in
wood and soils, and also taken up by the fungi, into the highly reactive Mn**. This in
turn is stabilized by secreted fungal chelators, such as the carboxylic acids (eg oxalate,
malonate, tartrate, lactate). This chelated Mn®" then can act as a low-molecular
weight, diffusible redox-mediator that attacks by one electron transfer the phenolic
lignin structures in the lignocellulose resulting in the formation of instable free
radicals that tend to disintegrate spontaneously [44]. These radicals are thought to be a
source of peroxides that are generated via autocatalytical reactions and can be used by
MnP in the absence of external H,O,[58]. Depolymerization can be enhanced by the
presence of co-oxidants such as thiols (e.g. glutathione) or unsaturated fatty acids.

Versatile peroxidases (VP) combine the catalytic properties of both MnP
(phenolic oxidation via Mn?*) and LiP (oxidation of non-phenolic aromatics),
suggesting an adaption to versatility in activity. VPs can oxidize high redox substrates
due to a solvent exposed catalytic tryptophan on the surface of the protein in close
proximity to the heme channel, the tryptophan becoming radicalized through long-
range electron transfer from the lignin polymer or small substrate to the Trp to the
heme [95]. While Mn?* is the most abundant substrate for this enzyme, under
conditions of manganese sufficiency in the medium, expression of the VP from
Pleurotus ostreatus is repressed [55]. A second buried Trp has recently been
identified though computational analysis with site-directed mutagenesis as the most
probably electron transfer carrier in the VP from Pleurotus eryngii, indicating an
electron transfer pathway involving this buried Trp, a neighbouring Phe residue and
the surface exposed Trp existing in both VP and LiP [2].
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b. Dye peroxidase

The first dye-decolourizing heme peroxidase (DyP: EC 1.11.1.19) was first
described in 1999 from the soil-dwelling fungus Bjerkandera adusta (previously
known as Geotrichum candidum), and the numbers of characterized DyPs from both
prokaryotes and eukaryotes has increased rapidly, and many more putative dyp genes
have been identified through genome sequencing. Currently several hundred DyP
sequences have been identified in Basidiomycetes and other filamentous fungi, and
classified into seven genome clusters with differences at the amino acid level which
could influence catalytic and physico-chemical properties [67]. The heme pocket
architecture is similar to that found with other heme peroxidases, although overall
structure demonstrates a two-domain a+p ferredoxin-like fold that is distinct from the
a-helical folds found in the other peroxidases [101]. The natural substrates for DyPs
have yet to be identified, although they have been shown to improve biomass
degradability [97], and due to their natural habitat in soils, may be involved in the
turnover of carbon in forests. It appears unlikely that DyPs act directly on the lignin
polymer, and their activity against lignin model compounds were found to be only 4%
of the LiP from P. chrysosporium [65]. Similar to laccases, DyPs have the ability to
oxidize substituted phenols such as industrial dyes, in particular anthraquinone
derivatives which are poor substrates for other peroxidases [66]. Dyes and similar
substrates for DyPs do not directly interact with the buried heme, and so electron
transfer occurs via reactive radical-forming exposed residues, usually aromatic amino
acids such as tyrosine and tryptophan, which are absent in LiP and VPs. It is thought
that the reason behind this absence is to protect the enzyme against oxidative
inactivation through coupling or other similar reactions between tyrosine phenoxy
radicals [67]. Why DyPs contain so many of these reactive residues suggests a
difference in environment where DyPs are produced in comparison with the other
lignin-acting peroxidases, or provide a different lignin-degrading system to that found
in most Basidiomycetes.

c. Peroxygenases and haloperoxidases

The enzymatic oxyfunctionalisation of organic compounds can be performed by
unspecific peroxygenases (UPO, also known as aromatic peroxygenases: EC
1.11.2.1), first reported in 2004 [114]. UPOs functionally represents a hybrid of P450s
and heme peroxidases, while structurally belonging to the heme-thiolate peroxidase
(HTP) superfamily. Unlike P450s, they are secreted enzymes, more stable and only
require H,O, for their activation. Fungal UPOs have been shown to convert nearly
90% of all priority pollutants listed by the US Environmental Protection Agency, and
Hoftrichter and colleagues recently consider them to be the extracellular equivalent of
intracellular monooxygenases like P450s and involved in the fungal response to toxins
and xenobiotics in the natural environment which would place the fungal cells under
stress. Peroxygenases use aromatic and aliphatic compounds as substrates, giving it a
wide application range for biotechnological processes [45], although their
physiological role in fungal growth and biomass deconstruction has yet to be
elucidated. UPOs, as with chloroperoxidases (CPO, EC 1.11.1.10), possess at least
one halide-binding site. Only a few structures for UPOs have been solved, and in the
structure of the peroxygenase from the basidiomycete Agrocybe aegerita, this halide-
binding site is in the vicinity of the heme pocket entrance [88]. This UPO also
contains a redox-inactive Mg”" in the cation-binding site, possibly there to contribute
to the stability of the enzyme.

Many natural product synthetic reactions require the halogenation of an
aromatic or aliphatic compound. Haloperoxidases, another member of the H,O,-
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dependent HTP superfamily, are similar in structure to UPOs, and folding into novel
tertiary structures dominated by eight helical segments with a cysteine acting as an
axial heme ligand with the distal side being peroxidase-like in that polar residues form
the heme pocket [111]. Access to the heme pocket is restricted to the distal face,
allowing only small molecules to interact with the iron-linked oxygen atom, as also
found in P450s. They are however significantly different with respect to their
substrate preferences, exhibiting peroxidase, catalase and P450-like activities, as well
as displaying an ability to catalyse halogenation reactions. They are different from the
non-heme halogenases which are oxygen dependent [116]. In comparison to UPOs,
the characterized haloperoxidases are strong oxidizers of halides, preferentially
oxidizing CI" and Br" to their respective hypoalous acids, and containing heme or
vanadium as a co-factor. Halogenated natural products, such as indoles, terpenes,
phenolics, and high quantities of halogenated hydrocarbons, etc, are frequently
reported metabolites in marine microorganisms, and have reported biological
activities of pharmaceutical interest, including antifungal, antiviral, and anti-
inflammatory activities. The halogenation of these compounds is partially due to the
role of haloperoxidases in these organisms [22], although haloperoxidases have also
been identified in soil-dwelling organisms where they have a role in the production of
CHCI3, which is subsequently released into the atmosphere and may participate in the
depletion of ozone [120]. A vanadium haloperoxidase has recently been shown to act
with the tertiary amine DABCO in improving the delignification, brightening and
hexenuronic acid removal in the manufacturing of paper [119].

d. Catalase-Peroxidase

The catalase-peroxidase superfamily (EC 1.11.1.21) is the most abundant
peroxidase superfamily in various databases. This superfamily is comprised of three
classes: Class | include intracellular enzymes involved in the resistance to peroxide
challenge in microorganisms, such as cytochrome c peroxidase (CcP) involved in
protection against toxic peroxides generated by the electron transport chain, ascorbate
peroxidases, and bifunctional bacterial catalase-peroxidases, such as KatG. Class Il
contain the fungal peroxidases involved in lignin deconstruction, as described above,
and Class Il include plant peroxidases, such as horseradish peroxidase, implicated in
plant cell wall synthesis, hormone catabolism and detoxification. Both the Class |
KatG and catalase are induced by the presence of H,O, and, in bacteria, the
transcriptional regulator OxyR. H,0, is generated by the host defence mechanisms
and accumulates and diffuses between adjacent xylem elements [93], and so
phytopathogens need to break it down to facilitate infection [76]. Phytopathogenic
fungi, such as the rice blast fungi Magnaporthe grisea, contain two KatG paralogues,
one being intracellular and the other extracellular [128, 129]. The intracellular
enzyme, present in both pathogenic and non-pathogenic fungi, is found both
constitutively expressed or inducible by the presence of heavy metals of peroxide
[130], while the extracellular catalase-peroxidase is commonly secreted with a
monofunctional catalase and is important for hyphal growth upon initial penetration of
the fungus into plant tissue [112].

A cytochrome ¢ peroxidase (CCP: EC 1.11.1.5) is involved in the detoxification
of H,0O,, which appears to be its main role in the yeast Candida albicans, although it
can also display scavenging activities against methyl glyoxal (MG) and other oxidants
(Shin et al, 2017). Intracellular peroxide generation is a by-product of various
physiological pathways in filamentous fungi, where it also functions in essential
proliferation and differentiation processes [86]. Cytochrome c peroxidase (Ccpl)
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deficiency stimulated SOS and Adhl activity, down-regulated catalase and peroxidase
activity, while enhancing KatG, Eapx and GIrl transcription by decreasing
glutathione transferase levels [106].

However, for all the above mentioned peroxidases, elevated peroxide concentrations
can lead to substantial heme destruction and thus enzyme inactivation [52]. This can
be avoided when a second enzyme is present which acts as an electron acceptor, thus
increasing the stability of the peroxidase against auto-inactivation. Co-immobilization
of a fungal peroxidase with equine heart cytochrome ¢ was shown to enhance the
oxidative stability of the peroxidase 4-fold [96].

iii. Cytochrome P450

Cytochrome P450s (CYP) are found in all domains of life and play an important
role in the metabolism and transformation of xenobiotics from the environment
through oxyfunctionalization [18, 84], and in primary cellular metabolism such as the
creation of fatty acids, steroids and vitamins by the organism. Over 300,000
cytochrome P450 sequences are known to date and have been sorted into families and
subfamilies [83]. All P450s belong to the heme b-containing monooxygenases, where
the heme cofactor is an essential component for their function in the activation of
molecular oxygen to incorporate one molecule of oxygen into a substrate while the
other molecule is reduced to water in the presence of NAD(P)H. This need of electron
transfer from the NAD(P)H co-factor to the redox partner protein for the initial
hydroxylation reaction is a limitation in the application of P450s in a broader
technical role, although recent reports to overcome this issue include the construction
of fusion proteins involving CYT components, such as a flavodoxin-flavoprotein
reductase fusion [13]. The heme-bound iron can adopt different oxidation states and
hence can serve as either acceptor or donor. For example, electrons can be transferred
from NADPH by a cytochrome P450 reductase (CPR), or they are supplied to the
P450s via a cytochrome bs (CYB5) /NADH cytochrome bs reductase system. CYB5
can also acts as an electron shuttle. In fungi, over 800 CYP families are known [83],
and have attracted attention due to their versatile catalytic potential and functional
significance [34]. For example, the Aspergillus fumigatus P450 complex contains a
heme-independent reductase (CPR), and a potential dimeric heme-dependent
cytochrome b5 (CYB5)/cytochrome bs reductase (CBR5) which are involved in the
synthesis of the fungal cell wall sterol, ergosterol [6]. Expression of a CYBS5 in this
ascomycete was repressed under iron starvation by the iron-regulatory transcription
factor HapX in order to conserve iron and CYB5 activity was also found to be non-
essential under low oxygen conditions, and other electron-shuttling systems are also
available in this fungus to compensate for any loss in CYB5 [78].

iv.  Superoxide Dismutase

Superoxide dismutases (SOD; EC 1.15.1.1) are a group of metalloproteins
which are ubiquitous housekeeping enzyme in nearly all organisms and the major
superoxide scavenger in mitochondria resulting in the conversion of superoxide
molecules to peroxide and water. The peroxide is then broken down to water and
oxygen through cooperation with catalase. The activity of a manganese SOD
(MnSOD) from mammalian cells has been found to be regulated by the direct action
of a deacetylase [69].

Reduced glutathione (GSH) is the most prevalent cellular thiol in eukaryotic
cells and plays a role in the preservation of the intracellular environment in a reduced



26 Buletinul S. Ch. R. Nr. XXV, 1/2018

state, GSH being involved in the protection of DNA, proteins and lipids against
oxidation as well as toxic agents [26]. Reactive oxygen species (ROS) can oxidize
cellular GSH or reduce extracellular export which can result in a loss of redox
homeostasis in the cell. A deficiency in the enzyme D-erythroascorbate peroxidase in
the yeast Candida albicans has been shown to lead to glutathione deprivation and this
in turns leads to an accumulation of methylglyoxal and ROS coupled with an
induction of cytochrome c peroxidase [106]. The accumulation of heavy metals in the
white-rot fungus P. chrysosporium is regulated at the intracellular level and is
associated together with a high accumulation of GSH, as this metabolite is known to
have a strong affinity with metals such as cadmium and lead [125]. The presence of
glutathione has also been shown to amplify the oxidative strength of Mn(lll), the
primary mediator, by acting as a secondary mediator for the activity of MnP [46].
Hydroquinone, a molecule generated through lignin degradation, has also been shown
to induce oxidative stress in the basidiomycete Ceriporiopsis subvermispora and to
reduce MnP and laccase transcript levels, and has been proposed that the response of
this fungus to oxidative stress contributes to its selectivity towards lignin breakdown
during wood decay [9].

Glutathione Transferases (GST; EC 2.5.1.14) belong to a superfamily of
multifunctional proteins which play a role in cellular detoxification as well as
metabolic processes in many organisms, including man. They conjugate GSH to a
variety of electrophilic compounds, and most GSTs are composed of a thioredoxin
domain which binds GSH, and a secondary domain which is associated with binding
the GSH acceptor molecule [71]. In filamentous fungi, 25 GSTs have been identified
in the genome of P. chrysosporium and 32 in the genome of Coprinus cinereus. A
particular class of GSTs, FUA, appears to be conserved in these fungi allowing them
to cope with the small aromatic compounds derived from recalcitrant wood or leaf
litter which induce oxidative stress on the fungal cells in a system independent on
their strategy employed to degrade such biomass [73]. Further specific classes, such
as Ure2p and GTT2 have also been identified in wood-rotting fungi [92].

4. Hydrogen peroxide/radical generation, metal ions and fungal
secondary metabolites

The concentration of hydrogen peroxide in culture supernatants is amplified in
the presence of dicarboxylic acids, dioxygen and protons, usually present to facilitate
further production of Mn** for the activity of MnP. MG can be oxidized by an alcohol
dehydrogenase (Adhl) or reduced by an oxidoreductase [106]. Oxalate is formed by
white and brown-rot fungi from oxaloacetate and glyoxylate, and may serve as both a
chelator of Mn(Il) and as a proton source for enzymatic and non-enzymatic
degradation of carbohydrates [105]. It is also postulated that oxalate may also
function as an inhibitor of ligninolytic heme peroxidases, through the sequestration of
Mn2+, an electron donor for the production of NADH during the reduction of
quinones, a source of formate radicals to reduce dioxygen or ferric iron. The fungal
metabolites glyoxylic and oxalic acids are oxidized by the action of fungal MnP in the
presence of Mn(ll), which allows the enzyme to generate its own hydrogen peroxide
[115]. The physiological concentration of the organic acids in the culture supernatant
is high enough to permit peroxide generation by the peroxidase, and that both the
metabolite and enzyme are present in the culture supernatant at the same time during
fungal growth. Another fungal enzyme, the bicupin oxalate oxidase, is involved in the
rapid degradation of oxalate, binds Mn ions, and did not display any SOD activity
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[35]. This oxidase has been shown to be present in membrane-bound vesicles in the
fungal mycelium, forming peroxisome-like structures, some of which are in contact
with the outer cell membrane and periplasmic space [4].

Manganese (Mn®*) is an essential micronutrient required for many cellular
functions, including resistance to oxidative stress [5]. It serves as a cofactor for ROS-
detoxifying enzymes, for example Mn-SOD, KatN. White rot fungi have been shown
to be effective in the removal of heavy metals from contaminated land, and a
repertoire of nearly 300 putative manganese transporters have been identified in
fungal species. In P. chrysosporium, 11 Mn-transporters have been identified in the
genome covering the need for the fungus to maintain manganese homeostasis and the
control of its ligninolytic system [33]. However, these metals themselves can induce
oxidative stress in the fungal cells leading to apoptosis. Chromium (V1) at high levels
(>20 mg/L) has been demonstrated to promote the formation of ROS with a
concurrent increase in SOD and catalase activity and glutathione production in
Pycnoporus sanguineus [37]. This increase in enzyme activity was however short
lived and oxidative damage to the fungus was observed after 24h. While there is much
knowledge on the Mn(ll)-oxidizing system of fungi belonging to the Basidiomycota
phyla, the system in the Ascomycota phyla is less well understood. Certain
ascomycete fungi, such as Stilbella aciculosa, oxidizes Mn(ll) to Mn oxides by
producing an extracellular superoxide during cell differentiation [40]. This is not
observed in the presence of superoxide scavengers, such as copper, and inhibitors of
NADPH oxidases. These authors believe that the production of this superoxide is
central to fungal recycling of metals, such as Fe and Mn, both in nature and in the
potential to use such fungi in bioremediation processes [80]. A Mn oxide-depositing
protein from a Acremonium-like hyphomycete fungus was identified as a laccase [79].

Due to its high reactivity, Mn(lll) has to be stabilized via chelation by
dicarboxylic acids produced by the fungus as metabolites [118]. Low molecular
weight metal-binding chelators, such as malonate, lactate or oxalate are secreted by
certain wood-rotting fungi and are proposed to be used by the fungi to attack lignin
units, or modify the lignin to be more susceptible for attack by laccases or peroxidases
[117]. Oxalate and malonate are the only organic acid chelators secreted by fungi in
significant amounts [75, 118]. Other known chelators produced by fungi include
catecholate where it mediates Fenton reactions [11]. The enzymes compete with the
chelators for the free Mn(ll), and chelators such as malonate facilitate Mn(lIll)
dissociation from MnP [118].

Excessive manganese exposure is toxic to cells, although the mechanisms
involved from induced oxidative stress to reduced energy metabolism are poorly
understood. Manganese stress can affect the stability of cellular proteins and other
macromolecules as well as heme-enzyme biogenesis through the depletion of iron
[53]. Manganese can relieve oxidative stress and iron starvation by activating MnSOD
and preserving the function of iron-dependent enzymes, such as the lignin peroxidases
[10].

Iron, an essential element for life, is also toxic when levels exceed those
required for optimal cellular function. Its uptake requires regulation, and the reduction
of Fe(lll) to Fe(ll) by metalloreductases located on the hyphal surface. Wood has
been shown to contain sufficient iron to facilitate the generation of hydroxyl radicals
through Fenton-type reactions [56]. Translocation of iron is undertaken through the
concerted action of multicopper oxidases (MCOs) with ferroxidase-type activity,
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analogous to yeast Fet and Ftr [60]. In P. chrysosporium, which does not contain a
laccase-encoding gene, such ferroxidase/MCOs could explain how this fungus can
efficiently oxidize iron and aromatic amines [60].

The selectivity of white-rot fungi in removing hemicellulose first, followed by
delignification and then cellulose degradation reflects a strategy of gene expression
timing, and the required deployment of the one-electron oxidative systems required to
depolymerize lignins before cellulases are expressed [47]. However, in non-selective
ROS systems, such as Fenton reagent, temporal regulation cannot explain the
observed selectivity still in existence in filamentous fungi. The production of low
molecular weight oxidants specifically targeting the lignin are still required, especially
where lignin is removed prior to an increase in the porosity of the lignocellulosic
biomass to allow enzyme access [126]. It has yet to be elucidated whether such
oxidant species are fungal metabolites reacting with secreted enzymes, or generated
through peroxidase or laccase activity on biomass or fungal-derived compounds. A
polyomics approach was undertaken to explain how P. chrysosporium could use an
environmental-adapted metabolic cascade for lignocellulose depolymerization [12].
Many intracellular regulatory networks in this fungus compensated to retain
homeostasis during lignocellulose breakdown, especially the ROS-mediated pathways
which were essential for providing the fungal cells with the capability to degrade
lignin, and the intracellular metabolic connection via mono-oxygenation was equally
as important as the regulation of extracellular activities.

5. Fungal response to free radicals

Oxidative stress is caused by an imbalance between the production of reactive
oxygen species (ROS) and the ROS-detoxifying capacity of the cells. Oxidative stress
responses can also be brought upon through environmental events, such as
temperature change below or above optimal growth temperature, or through the
presence of salt. These factors are becoming increasingly important as we consider
how climatic change may impact important and vulnerable eco-systems.

ROS are thought to play a role in triggering or sustaining the inflammatory
response, and may play a role in pathological conditions [70]. Leakage of electrons
from electron transport chains leads to a partial reduction of oxygen to form
superoxide. Its diminution, either spontaneous or through a reaction catalyzed by
superoxide dismutase, produces hydrogen peroxide (H,O;), which in turn may be
fully reduced to H,O or partially reduced to hydroxyl radicals (OHe). When ROS
formation exceeds the antioxidative defense mechanisms, high levels of ROS can lead
to oxidative stress and cellular damage [41]. ROS production is usually toxic to cells,
however, when present in limited amounts, can act as signaling molecules for the
expression of defense-related genes and later scavenged by either enzymatic or non-
enzymatic mechanisms of the host. The main “redox-buffer” of the cell is the GSH
system, which mediated by a large number of interlinked enzymatic redox systems,
can remove ROS and some of their important reaction products like organic
hydroperoxides through the glutathionylation of proteins which are secreted into the
extracellular environment [21, 25]. Furthermore, as described above during the
initiation of wood degradation, filamentous fungi themselves produce extracellular
ROS involved in the depolymerization of the lignocellulose matrix of the plant cell
wall, and this in turn can put the fungus itself under oxidative stress [48]. Increasing



Buletinul S. Ch. R. Nr. XXV, 1/2018 29

oxygen availability during liquid cultivation was shown to increase the levels of LiP
secreted [94], where the high O, levels presumably increase the production of ROS
when compared to normal metabolism. Such exposure of the fungal cells to oxygen
toxicity, could lead to cellular structure disorganization and chlamydospore formation
[127]. Toxic compounds contained within plant extractives or from the breakdown of
the lignin polymer can be released. To address this toxicity, white-rot fungi, such as
P. chrysoporium and Trametes versicolor, complement the extracellular degradative
enzymatic arsenal with intracellular antioxidants and detoxification systems to
prevent cellular damage and maintain fungal health. Such intracellular antioxidative
enzymes include metallo-superoxide dismutases (eg MnSOD) [16, 63], glutathione
reductase, catalase, peroxidases [14] and GST [31, 113], and the specificity of these
enzymes reflects the chemical environment encountered by the fungi during
interaction with the plant matrix. Recent work involving my lab has demonstrated
that through using a fluorescent-based thermal stability assay, flavonoids oxidized by
an extracellular peroxidase from Trametes versicolor interacted with a T. versicolor
GST in presence of glutathione, supporting the occurrence of a detoxification process
in this fungus consisting firstly of an oxidation phase followed by a conjugation phase
[8]. However, the abolition of ROS in a P. chrysosporium culture was shown to
repress LiP expression, while Fenton-generated radicals enhanced LiP expression
[17]. High oxygen levels also induced MnSOD, catalase, GR and GST expression in
this fungus. These authors concluded that the induction of LiP expression in the
presence of high levels of O; is partially mediated by the intracellular ROS levels.

Complete mineralization of lignin was found to be dependent on the ratio of
MnP activity to reduced GSH concentration, called a thiol-mediated oxidation effect
[46]. The formation of highly polar products was observed in this study, such as low-
molecular weight carboxylic acids, and these authors speculated that as glyoxylate
mineralization occurred most effectively, that decarboxylation reactions may be the
final step in MnP-mediated mineralization of recalcitrant xenobiotics.

It has become clearer that the proximate signal-transducing molecule in such
redox responses is HyO,. Intracellularly peroxide is mostly produced by NADPH
oxidases in conjunction with superoxide dismutases (SODs), as described above.
Extracellularly, a number of possible enzymes have been identified, such as aryl
alcohol oxidase (AAO) and glyoxal oxidase (GLOX), which provide the peroxide for
the activation of heme peroxidases involved in lignin deconstruction [29, 30, 54, 74].
Furthermore, the substrates of GLOX, methyl glyoxal (MG) and glyoxals are known
to cause various diseases in humans, such as diabetes and neurodegenerative diseases,
from which all living organisms need to be protected. Although the glyoxalase system
has been known for some time, details on how glyoxals are sensed and detoxified in
the cell have not been fully elucidated, and are only beginning to be uncovered [62].
Since glyoxals contain two adjacent reactive carbonyl groups, they are referred to as
reactive electrophilic species (RES), and are damaging to proteins and nucleotides.
MG is a highly reactive product of mainly glucose metabolism [50]. An excess of
MG production can increase ROS production and oxidative stress. MG can also form
advanced glycation end products (AGESs) by reacting with proteins, DNA, and other
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biomolecules. Glyoxal is a reactive a-oxoaldehyde that is a physiological metabolite
formed by lipid peroxidation, ascorbate autoxidation, oxidative degradation of glucose
and degradation of glycated proteins. Glyoxal is capable of inducing cellular damage,
like MG, but may also accelerate the rate of glycation leading to the formation of
AGEs. Glyoxal depletes GSH levels [102] and so its generation impacts the GSTome.
Glyoxal cytotoxicity can be prevented by the glyoxal traps D-penicillamine or
aminoguanidine or ROS scavengers, such as ferulic acid and polyphenols [7]. The
glyoxalase system (Fig. 3), which utilizes glutathione as a cofactor, converts the
majority of the glyoxal taken up by erythrocytes to glycolate, but a small portion is
converted to oxalate. A reduction in intracellular GSH increases oxalate synthesis and
a decrease in aldehyde dehydrogenase activity lowers oxalate synthesis and suggest
that glyoxylate is an intermediate. Thus, oxidative stress in tissues could potentially
increase oxalate synthesis.
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Figure 3. The intracellular glyoxvlate m etabolic cycle.

Methyl glyoxal is a reactive o-ketoaldehyde generated during various highly
conserved cellular biochemical reactions, including glycolysis and fatty acid
metabolism (Fig. 4). If MG accumulates in the cell, protein modification can occur
which affects the cellular antioxidant mechanisms leading to severe antioxidative
stress. Under normal situations, cells possess an efficient detoxification system for the
removal of such metabolites, dependent on GSH, and thus under the influence of GSH
availability under conditions of oxidative stress. Alternative modes of action are
available to higher organisms, such as the production of intracellular GSH-dependent
and independent (methyl)glyoxalases [49] and NADPH-dependent methyl glyoxal
reductases [81, 132]. In the yeast Saccharomyces cerevisiae, the production of
methylglyoxalase suppressed MG-mediated toxicity and ROS production [15]. This
study showed that in glyoxalase-defective mutants, the cells were highly
compromised in regulating ROS levels, and the authors explained that a dysfunction
in the human-equivalent form of this protein was implicated in a form of Parkinson
disease.
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Finally, peroxisomes are essential parts of a filamentous fungi’s ability to
metabolize ROS and in the synthesis of secondary metabolites, such as penicillin. The
function of the peroxisome is thought to require an even distribution of them through
the fungal hyphae and frequent organelle-organelle interactions [109]. In plants,
peroxisomes are involved in the glyoxylate cycle [72].
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6. Conclusion

In the breakdown of lignocellulosic material, fungi have to balance the
oxidative-reduction process in such a way to maximize effective breakdown of
aromatic compounds while at the same time preventing the generated toxic
compounds and ROS from damaging cellular integrity. While many enzymatic
mechanisms have been identified, it is still unclear what the physiological role of
some of these extracellular enzymes actually is, for deconstruction or detoxification,
and the role of some metal ions and secondary metabolites, which seem to play
different roles at the extracellular and intracellular level. The fungal system is very
complex and appears to be different depending on the fungal species under
examination. It is important therefore to start with model species and to understand
the adaptability of the fungus to both the environment and the different biomasses it
encounters. It is also important to study differences between terrestrial and marine-
associated species, as these later fungi have adapted their lifestyle to cope with other
stress-inducing factors, such as increased salinity, a factor which is important as we
address such major socio-economic challenges such as climate change, and the
adaption of nature and mycotechnology to meet the future needs of our society.
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Chimia alimentara
un domeniu de interes pentru societate

Ca urmare a unui interes din ce Tn ce mai crescut al societatii Tn ansamblu cat
si a directiilor de cercetare abordate de un numar din ce Tn ce mai crescut de chimisti,
a fost Infiintatd prin votul Consiliului de Conducere, o noua sectie a Societatii de
Chimie din Roménia :Sectia de Chimie Alimentara. Aceasta sectie raspunde unei
necesitati reale exprimata de un numar din ce Tn ce mai mare de membri care
activeaza 1n acest domeniu al chimiei si se aliniaza in acelasi timp la tendintele
internationale.

In scurta sa existentd, Sectia de Chimie Alimentard din SChR, a avut de
rezolvat pe de o parte probleme inerente de organizare functionala cét si de integrare
in forurile internationale. Astfel Tn acest an am devenit membrii activi ai ,,Food
Chemistry Division” din cadrul EuCheMS si am participat ca reprezentanti ai SChR
la Adunarea Generala a Reprezentantilor EuCheMS , care a avut loc in luna iunie la
Budapesta.

Aliniindu-se unuia din obiectivele principale ale SChR, anume comunicarea
cu publicul larg si promovarea chimiei prin toate mijloacele, in cadrul sectiei de
Chimie Alimentara a fost inaugurat Tn anul 2016 un eveniment intitulat ,,Chimie de
Craciun”, inspirat de 0 manifestare desfasurata cu cativa ani in urma in cadrul Filialei
Cluj.

Evenimentul ,,Chimie de Craciun”
are ca scop prezentarea unor probleme din
domeniul chimiei alimentare intr-un
limbaj accesibil publicului larg. Prima
editie a evenimentului a fost organizata la
Bucuresti, Tn unul din amfiteatrele
Facultatii de Chimie Aplicata si Stiinta
Materialelor, la inceputul lunii decembrie
2016. Aceasta prima editie bucuresteana
s-a bucurat de un real interes din partea
publicului larg cu prezentari atractive

efectuate de specialisti Tn domgnlu, pe G S
teme legate de sarbatoarea traditionala a Poveste cu miros de brad
Craciunului. Astfel prezentéri intitulate 18:00-18:20 Dr. Denisa DUTA
o . . - s . Istorii cu turtd dulce!

»slaninute, jumarele..... ce grasimi avem
prin ele?”, ,misterele cozonacului”, 18:20~18:40 Dr. Cristina TODASCA
. .. I . . . Secretele din Champagne!
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atras un auditoriu divers si entuziast.
Evenimentul s-a bucurat si de prezenta
unor reprezentanti ai mass media care au
facut transmisiuni TV si radio.

UPB, FCASM, Intrarea este libera!
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In decembrie 2017 s-a organizat o noua editie a ,,Chimiei de Criciun”
pastrand cadrul relaxat si prietenos, specialisti din domeniu au acceptat invitatia de a
prezenta in fata unui public divers teme din domeniul chimiei alimentare. Astfel
cadre didactice din cadrul Universitatii Politehnica Bucuresti cat si cercetatori din
Institutul de Bioresurse Alimentare au captivat publicul cu prezentari pe urmatoarele

2

teme: ,,Poveste cu miros de brad”, ,Istorii cu turtd dulce!”, ,Secretele din

Champagne!” si respectiv ,,Homo carnivorus”.

Folosind oportunitatea oferita de Societate de Chimie din Romania, in luna
aprilie 2017 a fost inaugurat un nou experiment denumit ,,Clever Foodies” in cadrul
programului Kid’s Lab desfasurat in parteneriat cu compania BASF. Astfel unind
fortele cu voluntarii din Sectia Tinerilor Chimisti din SChR, s-a implementat un nou
experiment pe teme de chimie alimentara, continudndu-se un eveniment iubit de
copiii care au avut ocazia sa treaca pragul laboratoarelor ce le sunt dedicate sub titlul
,,Kids lab”.
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Noul experiment ,,Clever Foodies” 1si propune sa 1i ajute pe cei mici sa
descopere prin experiment cat de multa vitamina C se gaseste in sucurile ambalate
comparativ cu cele proaspat stoarse din lamai si portocale. Se creeaza astfel cadrul
perfect pentru discutii legate de rolul vitaminelor in organismul uman si respectiv al
unei alimentatii sandtoase. Impactul noului experiment din portofoliul ,,Kids Lab”
este cu atat mai important cu cat in momentul inaugurarii sale au fost invitati sa
participe la eveniment copii impreund cu parintii lor. S-a creat astfel un cadru perfect
de comunicare a unor notiuni legate de alimentatie cat si un mediu propice de insusire
a unor idei de baza din domeniul chimiei alimentare care au surprins in mod placut
copii si parinti deopotriva.

Cristina TODASCA
Presedinte Sectia ,,Chimie Alimentara”
Departamentul de Chimie Organica C.D. Nenitescu,
Facultatea de Chimie Aplicata si Stiinta Materialelor,
Universitatea Politehnica Bucuresti
todascacristina@yahoo.com
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Activitati desfasurate in anul 2017
de catre Sectia Tinerilor Chimisti din SChR, filiala B2

Anul 2017 a reprezentat pentru Sectia Tinerilor Chimisti un an frumos, plin cu
evenimente ce au avut drept scop “promovarea chimiei prin toate mijloacele”. Astfel
am reusit sd dezvoltam activitdti devenite deja traditionale, precum Concursul
National de Chimie “Cum se face?” (editia a [X-a), Concursul National de Chimie
“C. D. Nenitescu” (ajuns la impresionanta editie aniversard, a XXV-a), Schimburi de
experientd. In paralel am desfasurat si activititi noi, precum Concursul “Chemistry
Rediscovered”.

Concursul National de Chimie “Cum se face?”

In perioada 27-30 octombrie s-a derulat la Bucuresti o noud editic a
Concursului National de Chimie “Cum se face?”. Concursul a avut loc in Sala
Senatului din cadrul Rectoratului Universitatii ,,Politehnica” din Bucuresti, cu
sprijinul Facultatii de Chimie Aplicata si Stiinta Materialelor.
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Detalii: www.stc-cumseface blogspot.com
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Scopul Concursului National de Chimie “Cum se face?” il reprezinta
informarea si dezvoltarea personald a elevilor pasionati de chimie. De asemenea
obiectivele proiectului sunt prezentarea mediului academic, prezentarea organizatiilor
studentesti la care elevii se pot afilia si prezentarea mediilor socio-culturale ale
Bucurestiului. Concurentii au vizitat pe parcursul zilelor de concurs Biblioteca UPB,
Casa inteligenta UPB, Centrul National de Micro si Nanomateriale si cladirea
CAMPUS.
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Concursul National de Chimie “C. D. Nenitescu”

In perioada 16-18 noiembrie s-a desfiasurat la Facultatea de Chimie Aplicat si
Stiinta Materialelor din cadrul Universitatii “Politehnica” Bucuresti, Concursul
National de Chimie “C. D. Nenitescu” ajuns la o editie aniversard, cea de-a XXV-a.
Evenimentul, ce a debutat la 16 noiembrie 1993, reprezintd un ,standard de
excelentd” intre concursurile de chimie fiind destinat elevilor de liceu pasionati de
chimie si este organizat in memoria marelui profesor de chimie Costin D. Nenitescu.
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Cei 40 de elevi, proveniti din toatd tara, au putut participa la una dintre cele
trei sectiuni: Chimie Anorganica, Chimie Organicd sau Chimie Fizica. Juriul fiecarei
sectiuni a elaborat pentru proba teoretica subiecte cu un grad ridicat de dificultate, iar
in cadrul sectiunilor de Chimie Anorganica si Chimie Organica primii 5, respectiv 10
elevi clasati la proba scrisa au participat ziua urmatoare la proba practica.

Concursul “Chemistry Rediscovered”

in 2017 a avut loc prima editie a concursului international “Chemistry
Rediscovered”. Scopul acestei competitii il reprezintd promovarea chimiei in randul
liceenilor din toata Europa. Acest tel a fost atins cu ajutorul cadrelor didactice, care
au coordonat proiectele si au incurajat elevii sa isi prezinte descoperirile. Concursul s-
a desfasurat in doud parti, o etapa nationala la nivelul fiecdrei tari partenere, urmatd
de prezentarea lucrarilor tinerilor participanti intr-un context european, etapa in care
au ajuns din fiecare tard maximum doua echipe finaliste. Concursul a fost initiat de
catre EYCN f1n parteneriat cu Societatile de Chimie din tarile partenere. Una dintre
echipele reprezentate ale Romaniei, Bistritz Alchemists, a obtinut locul al IV-lea in
etapa finala.
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Sesiunea de Comunicari Stiintifice Studentesti

Asociatia Studentilor Chimisti din Universitatea Bucuresti (ASC-UB) 1n
colaborare cu Facultatea de Chimie din cadrul Universitdtii din Bucuresti si cu
sprijinul SChR organizeazd anual Sesiunea de Comunicari Stiintifice Studentesti.
Sesiunea se adreseaza studentilor Inscrisi in programele de licenta, masterat si
doctorat din cadrul facultatii dar si studentilor facultatilor de profil din tara.
Rezumatele lucrarilor prezentate sunt publicate intr-un volum ce poate fi consultat la
Biblioteca Facultatii de Chimie.

- —enemistry

e

Simpozionul ,,Chimia- Prieten sau dusman?”

Simpozionul “Chimia — prieten sau dusman?” ofera sansa de afirmare elevilor
si profesorilor coordonatori din toate judetele tarii. La etapa nationald, organizata de
catre Facultatea de Chimie, sub egida Rectoratului Universitatii din Bucuresti, in
colaborare cu Ministerul Educatiei Nationale si Societatea de Chimie din Romania, cu
sprijinul Inspectoratului Scolar al Municipiului Bucuresti sau al altor inspectorate
scolare judetene, participa elevii premiati la fazele locale judetene.

Schimburi de experienta

Tn fiecare an la Inceputul semestrului 11 este organizat Schimbul de experienta
“ChemEx” de catre Asociatia Studentilor Chimisti din Universitatea Politehnica din
Bucuresti (ASC Poli) impreund cu Sectia de Tineret a Societatii de Chimie din
Romania si Facultatea de Chimie Aplicata si Stiinta Materialelor din Universitatea
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Politehnica din Bucuresti formand parteneriate cu doua centre universitare mari din
tara si organizatiile lor studentesti, mai exact: Organizatia Studentilor Chimisti de la
Facultatea de Chimie si Inginerie Chimica din cadrul Universitatii Babes-Bolyai din
Cluj-Napoca si Asociatia Studentilor Chimisti Ieseni de la Facultatea de Chimie din
Universitatea Al. I. Cuza din lasi. Pe parcursul a trei sdptamani, echipe de cate cinci/
sase studenti plus un coordonator viziteaza fiecare centru universitar timp de o
saptamana, luand parte la cursuri si activitati extra-academice.

In cadrul Facultitii de Chimie din Universitatea Bucuresti se organizeazi
anual un schimb de experienta ce se defineste ca fiind puntea de legatura intre
studentii facultatii si studenti ai facultatilor de profil din alte universitati din tara.
Timp de doud sdptamani, studentii au posibilitatea de a-si impartdsi experiente
profesionale si stiintifice atat cu studentii dar si cu cadrele didactice din facultatea
gazda.

Aceste schimburi vizeazd cunoasterea unui alt centru universitar in afard de
cel din care studentii fac parte, formarea de noi legaturi cu persoane interesate de
acelasi subiect, chimia, dar si cunoasterea oraselor respective si consolidarea relatiilor
de prietenie Intre studentii facultatii.

Robert-Andrei TINCU
Coordonator STC-B2
tincurobert@gmail.com
Florentina OLANESCU
Coordonator Departamentul de Relatii Publice ASC-UB
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