PLATE II

Fig. 1. — 8. arvensis: whole seed (X 35). Figs. 2-3. — Ornamentation with
folds which delimit barely distinguishable depressions (X 250; X 500).
Fig 4. — Section (3 300).




PLATE IIT

Figs. 1-2. — 8. pubescens: whole seed (x T5; X 35). Figs. 3, 5. — Orna-
mentation reticulate with pits delimited by slightly raised walls < 1um
thin (x 250; x 500). Fig. 4. — Section (< 1200).




PLATE IV

Fig. 1.— B. nigra: whole seed (X 35). Fig. 2. — Section (X 300).
Figs. 3-4. — Ornamentation reticulate with pits delimited
by prominent walls 1-2pm thick (X 250; X 500).
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SUMMARY-ABSTRACT

1. Cell-free culture filtrates from Trichoderma koningii were concentrated
with ammonium sulphate 8549; saturation. 2. Fraccionation of concentrated
samples by chromatography on Ultrogel AcA44 separated high-molecular-
-welght components (p-glucosidases, endoglucanases and celobiohydrolase I)
from low-molecular-weight samples (endoglucanase I, xylanases). 3. Further
chromatography of the high molecular-weight samples on DEAE-Sepharose
separated one component, celobiohydrolase I (CBH I) from endo-1,4-5-glu-
canases (endoglucanases or carboxymethylcellulases). 4. The endoglucanase
components were further fractionated on PBE 94 into fractions containing
carboxymethylcellulase and Avicelase activities (endeglucanases IT, . III, IV, V
and celobiohydrolase IT).

OBJECTIVO DO TRABALHO

Este trabalho teve como objectivo separar numa forma
altamente purificada, um ntmero elevado de enzimas de origem
fingica que degradem celulose e xilano, de modo a identificar
aquelas enzimas que efectuam alteracGes desejiveis nas proprie-
dades de desperdicio do polpa de papel ou em papel para reciclar.
Pretendia-se, pois, identificar no extracto extracelular de T. koningii

* Parte deste resultados foram apresentados no 9. Encontro Nacional
da Socledade Portuguesa de Bloguimica, de 5-8 de Dezembro de 1993, em
Albufeira, Portugal.
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entre as enzimas induzidas por diferentes fontes de carbono
(testimos inicialmente celulose Whatman, celulose Avicel nas con-
centracoes de 1, 3, 6 %) e a diferentes temperaturas, as especificas
que produzissem o efeito de melhoramento e que simultaneamente
oferecessem a possibilidade de se reciclar um maior nlimero de
vezes polpa de papel de proveniéncias diferentes (de folhosas
como por exemplo de eucalipto ou de resinosas como de pinheiro).

INTRODUCAO

Porque é que as celulases e as xilanases sio estudadas?

Um nfimero de exemplos especificos pode ser citado de como
as celulases e xilanases microbianas podem ser exploradas em
processos agriculturais e industriais; assim entre mais algumas
utilizagbes, passamos a enunciar as seguintes:

(i) Pré-tratamento de residuos de culturas vegetais e de
outra biomassa celulésica com celulases e xilanases para melhorar
a qualidade nutricional e a digestibilidade dos alimentos para
ruminantes ou para facilitar a compostagem.

(ii) Adicdo de celulases e de xilanases a racdes (com base em
cereais) para porcos e para galiniceos, para elicitar um aumento
significativo na utilizacdo de nutrientes, através da hidrélise de
B-glucano de cevada e de arabinoxilanos.

(iii) Melhoramento do processo de ensilagem pela introducao
de capacidade celulolitica em bactérias ensiladas e pré-tratamento
de forragens ensiladas por celulases e hemicelulases.

(iv) Sacarificagdo enzimética de desperdicios agriculturais,
industriais ou municipais para producdo de xaropes de aclicar
para consumo humano ou animal ou para a producio de produtos
de quimica fina através de fermentacbes industriais.

(v) Pré-tratamento de polpa de papel por xilanases para
remover o Xilano enquanto se preserva o teor celulésico e reduzir
a dependéncia de cloro no processo de branqueamento e de melho-
ramento da qualidade do papel.

(vi) Digestdo enziméatica de desperdicios industriais como
alternativa aos depdsitos de lixo.

(vii) Uso de xilanases como um produto para melhorar a
farinha para produtos de panificacéo.

P —
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O complexo celulolitico (Wood & Bhat, 1988)

As celulases extracelulares de certos microrganismos celulo-
liticos sdo sistemas multicompostos compreendendo endo-(1,4)-
-p-glucanase [(1,4)-8-D-glucano glucano hidrolase, EC 3.2.1.4],
exo-(1,4)-p-D-glucanase [(1,4)-8-D-glucano celobio hidrolase EC
3.2.1.91] e p-D-glucosidase [celobiase ou g-D-glucdsido gluco hidro-
lase, EC 3.2.1.21], podendo a actividade de cada enzima existir
em miultiplas formas. Tais enzimas e suas isoformas sdo diferen-
ciadas, geralmente, na base da sua especificidade para o substrato
e no seu modo de accio sobre uma grande variedade de substratos
celulosicos.

Endo-1,4-8-glucanases — Estas enzimas hidrolizam, ao acaso,
cadeias de celulose produzindo uma rapida alteracio no grau de
polimerizacdo do referido polimero. Os substratos para tais enzi-
mas sdo carboximetileelulose (CMC), celulose inchada pelo Acido
orto-fosférico (segundo o método de WALSETH, 1952, e designada
como H,PO,-) ou celulose amorfa inchada por processo alcalino
(alcalis celulose). A celulose cristalina, tal como fibras de algodao
ou a celulose Avicel, ndo é atacada em extenséo significativa por
estas enzimas. Por hidrélise de celulose amorfa libertam-se glu-
cose, celobiose e outros oligossaciridos soliiveis.

Exo-1,4-8-glucanases — Tais enzimas removem glucose ou
celobiose da extremidade nfio redutora da cadeia de celulose. As
celobio hidrolases (CBH) sfo as enzimas mais comuns deste grupo.
A maior parte das CBH parece libertar pequenas quantidades de
glucose a partir de celulose. Nio atacam algoddo mas a celulose
H,PO,- é hidrolizada, caracteristicamente, com uma lenta perda
no grau de polimerizacdo. A CMC e a celobiose nfio sfo substratos
para tais enzimas. A celulose Avicel é um substrato que tem sido
provado ser ftil para isolar e medir a actividade de celobio-
-hidrolases.

B-glucosidases — Estas enzimas nido sdo celulases no sentido
estricto do termo mas sfo componentes muito importantes do
sistema celulolitico porque completam a hidrélise para glucose
a partir de celo-oligossaciridos de cadeia curta e de celobiose,
compostos que sdo libertados pelas outras enzimas. Os sistemas
celulasicos que contém baixos niveis de B-glucosidase tém pobre
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poder sacarificante porque as endoglucanases e as celobio hidro-
lases sdo inibidas pela celobiose.

As p-glucosidases hidrolizam celo-oligossaciridos numa taxa
gque diminui com o aumento do grau de polimerizagdo, mas ndo
atacam celulose.

Endo-1,4-8-glucanases usando como substrato carboximetilce-
lulose — A carboximetilcelulose (CMC) nfo é um substrato natu-
ral, é um derivado da celulose, largamente usado para ensaios
de actividade celulasica mas o ataque deste derivado da celulose,
solivel e completamente hidratado, nfo pode ser interpretado
como indicio de que o mesmo sistema enzimético seri capaz de
atacar celulose cristalina. A actividade sobre CMC pode ser deter-
minada medindo o aumento do poder redutor de uma solucéo ou
a perda de viscosidade dessa mesma solucdo. Estrictamente falando
estes métodos néo podem ser sempre olhados como alternativos.
Na enzima que produz, apenas, uma ou duas clivagens em locais
distantes da extremidade da cadeia de CMC produzira uma grande
modificagdo na viscosidade da solucdo (parimetro relacionado
com o comprimento da cadeia). Pelo contririo, uma enzima que
ataque a extremidade da cadeia de CMC produzindo pouca alte-
raciio na viscosidade da solucio por unidade de enzima, no entanto
aumenta o poder redutor.

HAi uma multiplicidade de endo-1,4-8-glucanases nos filtrados
culturais da maior parte das culturas de fungos e de bactérias
{(WooD et al., 1988) e elas variam no seu modo de ataque a CMC.
E claro que, em certas circunstincias, o uso de apenas um tipo
de doseamento pode levar a conclusdes erradas. Devem avaliar-se
ambas as actuagdes — perda de viscosidade e producido de aclicares
redutores para determinar actividade carboximetilcelulasica.

O complexo hemicelulolitico (Gilbert & Hazlewood, 1993)

O xilano é o principal componente da hemicelulose da parede
celular na maior parte das espécies vegetais. B um polissacarido
complexo compreendendo uma estrutura de residuos de xilose
(p-1,4-D-xilopiranose) ligados por pontes g-1,4-glucosidicas.

Consoante a fonte, as unidades de xilopiranédsido sdo substi-
tuidas por residuos acetil, L-arabinosil e glucuronosil (icido 4-o-
-metil-D-glucurdnico que € ligado glucosidicamente a estrutura do
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polissacarido) e pelos acidos fertilico, p-cumérico e acético que
estdo ligados por ligacGes éster.

O xilano de folhosas é tipicamente o-acetil-4-o-metilglucuro-
noxilano com aproximadamente 109 das ligaces z-1,2 de uni-
dades de xilose unidas a cadeias laterais do &acido 4-o-metilglu-
curénico e 70 % de residuos de xilose sao acetilados nas posicoes
C. ou C,. O xilano de resinosas é comumente arabinoxilano em
que 109% das unidades de xilose sio substituidas por residuos
arabinofurancse nas ligacdes z-2,3.

Enzimas microbianas actuam co-operativamente convertendo
o xilano em acficares simples (seus constituintes); tais enzimas
incluem:

Endo -1,4-g-xilanases (xilanases; EC 3.2.1.8), que quebram
ligagOes glucosidicas internas dentro da estrutura do xilano, con-
tribuindo para a formacéo de oligossaciridos de varias dimensGes.

L-arabinofuranosidase (EC 3.2.1.55) que hidroliza as cadeias
laterais de arabinose.

Acetil esterases, ferilico e p-cuméarico icido esterases, enzimas
que tém a capacidade de separar os substituintes da cadeia de
xilanc.

a-D-glucuronidase que remove cadeias laterais de acido glu-
curonico das unidades de xilose.

Xilano esterases (EC 3.1.1.6) que libertam grupos acetato e
finalmente

B-Xilosidase (EC 3.2.1.37) que hidroliza xilobiose a xilose (ou
xiloligbmeros gerados por outras enzimas). H4, igualmente, um
grau considerivel de sinergismo entre estas enzimas tal como
acontece no complexo celulolitico.

MATERIAL E M&£TODOS
A— MATERIAL

A cultura de T. koningii Oudesman (I. M. I. 73022) foi obtida
do Instituto Micolégico Commonwealth, Kew, Surrey, pelo labo-
ratério do Dr. Thomas Wood do Rowett Research Institute, Aber-
deen, Esdcia, Reino Unido (onde realizimos este trabalho durante
10 meses, no uso de uma licenca sabética.
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Equipamento

Algumas das culturas, em ensaios prévios ou para preparacao
de inbéeulo para o fermentador, foram colocadas num agitador
orbital, programado para os 36°C e 150 rpm.

Usimos um fermentador New Brunswick Scientific, New
Brunswick N. J. (Microgen SF-16) com a capacidade de 161, com
controlo automitico de temperatura, pH, arejamento e agitacio;
um potenciémetro Phillips para avaliacio do pH; vérias centri-
fugas — uma MSE de bancada, basculante, uma MSE, High Speed
25, da Measuring and Scientific Equipment Limited, London, S.W.1,
England; uma Mistral 6L-MSE e uma centrifuga Sorvall. Em
certas separacdes cromatogrificas recorremos a aparelhos HPLC
(high performance liquid chromatography) ou FPLC (fast protein
liquid chromatography) da Pharmacia ou da LKB. Colectores de
fraccoes ligados a um monitor de ultravioleta, a um sistema
muitirack e a um sistema de registo de graficos em funcéo da
deteccio de residuos de fenilalanina ou triptofano pelo sistema
U. V. a 280 nm.

Algumas das colunas de cromatografia liquida foram obtidas
da Pharmacia Fine Chemicals (Gra-Bretanha, Ltd, Londres, W. 13,
Reino Unido). As resinas Ultrogel AcA44 (obtida da LKB Pro-
dukter AB S-16125 Bromma, Sweden), DEAE Sefarose, Fenil
superose e Biogel P6/DG ou P2 foram adquiridas & Bio-Rad,
Pharmacia ou 4 LKB Instruments e preparadas no laboratério
referenciado.

As colunas Mono P, Mono S, PBE 94 foram adquiridas na
Pharmacia LKB, Biotechnology AR, Upsalla, Sweden.

Produtos quimicos

Usou-se agar n.° 3 da Oxoide (Oxoid Division of Ox Ltd,
Londres, W. 1, Reino Unido), a carboximetilcelulose na forma de
sal sédico Cellofas B, ICI, Nobre Division, o ortonitrofenil g-D-
-glucopiranésido, o xilano de bracteas de aveia e a albumina de
soro de feto bovino foram obtidos da Sigma. A celulose Avicel
pH 101 é, essencialmente, um agregado de microcristais sendo
preparada a partir de celulose de madeira por tratamento acido,
para remocdo da componente amorfa e sendo, posteriormente,
sujeita a trituracio que fragmenta os cristalitos em particulas
coloidais e os leva a coalescer. Tween 80 (polyoxiethylen sorbitan
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monooleat) da Sigma, Solka Floc cellulose BW-40, reagente de
Lowry (Folin-Ciocalteu) da Merck, anti-espuma (emulsdo A, Sigma
nr° A 5758) reagentes para doseamento proteico (método do acido
bissinconinico = BCA, na forma de sal sédico, soliivel em &agua,
n.© 23225, Pierce, Illinois, U. S. A.). Todos os restantes produtos
quimicos usados, quer para preparar o meio de cultura, tampdes,
solucies ou reagentes eram da Analar ou da BDH sendo sempre
de elevado grau analitico. Os-anticorpos monoclonais e policlonais
foram amavelmente cedidos pelo Dr. KuBICEK da Universidade de
Vienta de Austria. Os marcadores de peso molecular usados como
padrio nas electroforeses foram obtidos na Amersham, Life
Science. Os restantes produtos usados para a execucio de electro-
forese eram da National diagnostics, Kennedy, Manville, Bucks,
England.

B — METODOS

I — Manutencio e crescimento do organismo

O micélio e os esporos de T. koningii foram mantidos por
subcultura em frascos de MacCartney em «<slants» de batata
dextrose e agar ou em malte agar. As culturas foram postas a
crescer em estufa a 32°C e depois eram mantidas no laboratério
4 temperatura ambiente. Para proceder a inoculacdo de meio
liquido (MANDELS & WEBER, 1969) seleccionaram-se culturas com
crescimento celular espesso e produzindo cerca de 105 a 107 espo-
ros/ml quando suspensos em Agua adicionada de cloreto de sédio
(0,859%) para se obter melhor dispersdo e contagem em hema-

citbmetro de Neubauer.
II — Preparacio de inéculo para o fermentador

Em primeira instdncia realizaram-se culturas em balGes iden-
tados, de 250ml contendo 100 ml de meio de cultura liquido
(MaNDELS & WEBER, 1969) usando o micélio e os esporos con-
tidos num frasco de MacCartney para inocular cada baldo. Pre-
pararam-se, assim, 10 baldes (11 de cultura no total) que foram
incubados a 36° C, durante 6 dias, em agitador orbital (150 rpm).

IIT — Inoculacao do fermentador

Prepararam-se 111 de meio de cultura de MANDELS & WEBER
(1969) que foram adicionados de 0,2 % de um surfactante (Tween
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80), de 1% de Solka-floc e de 0,29 de proteose peptona como
fonte de carbono e de energia. Apés esterilizagio do meio de
cultura e de todos os componentes do fermentador procedeu-se
a inoculacdo por adicdo, do litro da cultura de T. koningii previa-
mente incubada, aos 111 de meio de cultura estéril.

Os 121 de cultura assim obtidos foram incubados a 36°C,
durante 8 dias, com 150 rpm de agitacdo, com controlo automatico
de pH (entre 5,0 e 3,5 por adico de HCI, 2N ou de agua adicio-
nada de amoénia — solugbes estéreis), arejamento, temperatura,
adicdo de anti-espuma e foram sempre mantidos em condicGes de
esterilidade.

IV — Preparacio das celulases e xilanases

Concluida a incubacédo, parou-se o crescimento desligando-se
o fermentador e o meio de cultura foi filtrado (121) através de
gaze de algoddo ficando o filtrado isento de micélio e de esporos
de Trichoderma koningii. O filtrado ecultural foi centrifugado
durante 20 min a 13000 rpm, a 0°C. As proteinas contidas no
sobrenadante foram seguidamente concentradas por precipitacio
com sulfato de amoénio soélido, 85 % de saturacéio, com agitagao
magnética, até completa dissolucio do sal, e efectuada a 0°C.
A suspensdo foi agitada pelo menos durante mais 1h para se
assegurar o equilibrio antes que o precipitado fosse recuperado
por centrifugacdo. Procedeu-se, entdo, a nova centrifugacio da
solugio precipitada, a 25000 rpm durante 20 min a 0°C. O sedi-
mento foi recuperado por ressuspensdo em tampdo acetato de
aménio 0,01 M, pH 5,0 (concentracdo aproximadamente de 30 vezes
— 11 440 m] de meio de cultura obtendo-se, posteriormente, 381 ml
de ressuspensdo de extracto enzimatico). A solucio assim recupe-
rada foi adicionada de 0,029 de azida de s6dio para completa
preservacdo de contaminacdo bacteriana.

V — Métodos de emsaio — Doseamentos

a) — Doseamento do teor proteico — A proteina foi estimada
por diferentes métodos: 1) Por absorbéincia a 280 nm e obtencio
de registo dos respectivos espectros; 2) Por medigdo das distincias
dos graficos a4 linha de base e por comparacio com uma curva
padrio de albumina de soro de feto bovino (BSA), foi estabele-
cida a correspondéncia entre ug de proteina e a altura em mm;
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3) Pelo método de LowRry et al., 1951; 4) Pelo método do BCA
(acido bissinconinico da Pierce — por vezes recorremos a este
método dados os reagentes utilizados no método de LOWRY et al.
darem interferéncia com certos tampdes de eluicdo, nomeada-
mente com o s«polybuffer T4»).

Nos métodos espectrofotométricos usimos sempre, albumina
eristalina de soro de feto bovino para construir as curvas padréo.

b) — Doseamento da actividade g-glucosidasica — Este ensaio
foi realizado seguindo o método deserito por Woop & BHAT (1988),
definindo-se uma unidade de actividade enzimatica como a quan-
tidade de enzima necessiria para libertar 1 pmole de o-nitrofenol
por acgiio sobre o-nitrofenil-g-D-glucopiranésido (a B-glucosidase
ou celobiase promove a libertacido de o-nitrofenol a partir daquele
composto, que é possivel quantificar por interpolagdo de uma recta
padrio). Dado que este trabalho ndo tinha por objectivo isolar
ou purificar estas enzimas, nem sempre procedemos ao seu dosea-
mento nas miltiplas amostras que obtivemos.

¢) — Doseamento da actividade endoglucanasica (carboxime-
tilcelulasica ou CMCasica) — O doseamento de endo-1,4-8-D-glu-
canase envolveu a estimativa de acglicares redutores libertados por
accio de amostras enziméticas sobre uma solucio de carboximetil-
celulose (CMC; estas sdo as lUnicas enzimas que podem hidrolizar
significativamente CMC, Woop & McCrag, 1986). O substrato é
uma solucio de CMC 19 em tampédo. O ensaio é realizado adi-
cionando 1ml de substrato (ou de tampao nos brancos), 0,5ml
de tampdo (0,2 N acetato de sédio/4acido acético pH 5,4) e 0,5ml
de amostra enzimética (diluida sempre que necessirio) num volume
total de 2ml. Os tubos contendo substrato, tampédo e agua sio
pré-incubados durante 10 min a 50° C. Entéo, adiciona-se a solucdo
enzimética, agita-se num vortex e incuba-se a 50°C por mais
15 min. Para-se a reaccdo por adicio de 2ml de reagente de
Somogyi (1952) e segue-se a metodologia de NELSON (1944) de
acordo com a descricio de 'Woop & BHAT (1988). E avaliada a
D. O. a 520 nm para calcular o teor de aclicares redutores liber-
tados. O calculo das unidades internacionais é feito do seguinte
modo: Peso molecular de glucose é 180 g, 1 pmole de glucose corres-
ponde a 180 ug, portanto a conversdo de D. O. em aclicares redu-
tores é estabelecida através da interpolagdo de uma recta padrao
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construida com glucose (obtivemos um factor de conversido de
217,69). Uma vez calculados os pg em equivalentes de glucose
multiplica-se pelos factores 5,551, por 10-3 e divide-se pelo tempo
de incubacio — 15 min. Uma unidade internacional de enzima
corresponde & quantidade de enzima que promove a libertagio
de 1 pmole de acficar redutor (equivalente em glucose) por min,
a partir do substrato, nas condices de ensaio.

d) — Doseamento da actividade xilandsica — A actividade xila-
nasica ¢ medida usando como substrato uma solucdo a 19 de
xilano em tampdo 250 mM, NaOH:icido acético, pH 5,0 mantida
a 4°C e agitada magneticamente sempre que é usada. Os dosea-
mentos foram efectuados adicionando 1 ml de substrato (ou tam-
pdo nos brancos), 1 ml de amostra (diluida sempre que necessario)
perfazendo um volume total de 2 ml. Os tubos contendo substrato,
tampdo e Agua sdo pré-incubados durante 5 min a 50° C. Adi-
ciona-se, entdo, a amostra enzimatica e levam-se os tubos, nova-
mente, a incubar por mais 15 min, 4 mesma temperatura. Findo
o periodo de incubagdo aplica-se o método de doseamento de
actcares redutores de NELsoN (1944), Somocyr (1952) como des-
critos por 'Woop & BHAT (1988) para avaliagdo da actividade
CMCase. Centrifugam-se as amostras durante 2 min a 2000 rpm,
em centrifuga basculante e 1&-se a D. O. a 520 nm em espectro-
fotometro. Faz-se a conversdo dos valores de absorbéncia em ug
de acucares redutores, por interpolagio de uma recta padrio,
construida para o efeito com diferentes concentraces conhecidas
de xilose. Obtivemos um factor de conversio de 195 e calculamos
as unidades internacionais partindo do conhecimento de que o
peso molecular de xilose é 150,13 g, de que 1 pmole de xilose
equivale a 150,13 pg. Calculam-se os ug de acficares redutores
por conversio dos valores de D. O. e multiplicam-se por 6,661,
por 10-3 e divide-se pelo tempo de incubacio — 15 min. Uma
unidade de enzima é, pois, definida como a quantidade necessaria
de enzima necessiria para libertar do substrato 1 ymole de equi-
valente de xilose, por min, nas condi¢cdes de ensaio.

e) — Doseamento da actividade celobio-hidrolasica (Avice-
lase) — Nio ha nenhum substrato especifico para a celobio-hidro-
lase (CBH), no entanto, a actividade da enzima purificada pode
ser medida usando celulose Avicel. Na verdade a avicelase é
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olhada comumente como sendo sinénimo de CBH. Na realidade
tem sido afirmado que a CBH é a (nica enzima que actuando,
isoladamente, liberta uma quantidade significativa de aglicares
redutores de celulose Avicel. Esta é melhor substrato do que
fibra de algoddo para medir actividade celobio-hidrolésica, pois
tem um grau de polimerizacdo baixo (cerca de 200) e tem muito
mais grupos terminais néo redutores que podem ser atacados pela
enzima que actua na extremidade das fibras de uma forma ter-
minal — retirando-lhes unidades de glucose ou de celobiose. Por-
tanto, a celulose Avicel é, frequentemente, usada como substrato
para as CBH (Woob & McCRAE, 1986) embora sendo, também,
atacada em alguma extensdo por outras componentes celulasicas
(nomeadamente endo-1,4-8-D-glucanases hidrolizam tal substrato
numa extensdo limitada). A pesquiza da actividade desta com-
ponente do complexo celuldsico foi levada a efeito de acordo com
o método descrito por Woop & McCraE (1986) com algumas
alteracoes. Assim, adicionimos 2 ml de uma suspensio de celulose
Avicel pH 101,1'% em tampdo acetato de sédio 0,2N, pH 5,0,
a 1ml de uma mistura de 0,9ml de égua destilada e 0,1 ml de
amostra enzimética. Seguiu-se incubagio a 50°C durante 18h,
findas as quais se removeram os tubos do banho de igua quente,
se agitaram num vortex e se centrifugaram durante 2 min, a
2000 rpm em centrifuga basculante. Ap6s a centrifugacdo pipe-
taram-se 2 mls da solucdo assim preparada e nela se dosearam
os aclicares redutores libertados, pelos métodos referidos de
NEeLSON (1944), Somocyr (1952). O céleulo da actividade enzi-
mética foi efectuado por conversdo da D. O. em pg de agiicares
redutores (para glucose 1 pmole=180,16 pg, portanto 1 pg=5,551x
10-3 pmoles), multiplicado pelo mesmo factor que o da CMCase,
por 3/2 (factor de diluicdo — usamos 2 dos 3 ml que incubamos)
por 10-3, dividido pelo tempo de incubacao — 1080 min —e vem
expresso em pmoles/min ml.

VI — Separacio e purificacio do sistema enzimatico

Este processo foi efectuado recorrendo a cromatografia liquida,
usando diversos géis e condicdes, nomeadamente, com cromato-
focagem, permuta iénica, cromatografia liquida de alta eficiéncia
em HPLC, ou com separacio rapida de proteinas em FPLC.
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Tais cromatografias ocorreram & temperatura ambiente e as
fracgbes foram colhidas com colectores de fracgdes multirack,
acoplados a um sistema de detecgfio de proteinas com uma fonte
de ultravioleta (absorbancia a 280 nm) e a um sistema de registo
grafico do perfil proteico correspondente a cada fraccdo colectada.
As tentativas de separacio e purificacdo enzimitica foram pro-
cessadas em varios passos. Apés cada separacdo cromatogrifica
as fracgbes recuperadas foram, sempre, conservadas a 4°C até
serem feitos os doseamentos.

Para proceder a separacdo de endo-1,4-g-glucanases de alto
peso molecular de outras enzimas de baixo peso molecular, inclu-
sivé xilanases, optamos pelo fraccionamento da amestra concen-
trada por precipitacio através de Ultrogel AcA 44.

Passo 1— Cromatografia em coluna de Ultrogel AcA }}

Preparou-se uma coluna de perspex da LKB Instruments
(Bromma, Suécia) com 5 X 875c¢m e encheu-se com Ultrogel
AcA 44 suspenso em tampdo acetato de aménio 0,01 M, pH 5,0,
que ficou a equilibrar e compactar durante cerca de um dia.
A coluna foi conectada a uma bomba peristéltica que fazia entrar
o tampao de eluicio (0 mesmo do que o de equilibrio) & taxa
de 50 ml/h (200 gotas/tubo) sendo o «void» volume de 579 ml
e 0o «ve» de 1666 ml.

Foram, entdo, usadas fraccGes de 40 mls (por vezes previa-
mente concentradas por um sistema Amicon de ultrafiltracio,
sob pressdo de azoto, 50 psi, usando uma membrana com capa-
cidade de retencio de moléculas com peso molecular superior a
10000 Da) da solucio previamente concentrada por precipitacio
com 85 % de saturacdo de sulfato de aménio. Recolheram-se cerca
de 250 tubos (contendo 12 ml cada um) de cada vez que se aplicou
amostra (o total foi aplicado por 7 vezes) tendo sido feita a
eluicdo com tampdo acetato de aménio, 0,01 M pH 50. A 42 ¢
5.* aplicacbes foram efectuadas usando, igualmente, um volume
de 40 ml (volume maximo possivel de aplicar nesta coluna) da
mesma solugio enzimitica mas apds concentracio de 80 e 90 ml
respectivamente para aquele volume, através de uma célula de
ultrafiltracdo da Amicon (com o mesmo tipo de filtro jA referido
e 4 mesma pressido de azoto).
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As fraccdes foram sempre analisadas quanto a teor proteico
a 750 nm pelo método de LOWRY et al. (1951), actividade xilanasica,
B-glucosidisica, carboximetilcelulisica e avicelasica segundo os
métodos anteriormente deseritos (Woobp & BHAT, 1988, com as
alteracoes referidas). Em alguns casos pesquizimos, também, a
presenca de proteases ou de inibidores proteicos. Em cada passo
foram sempre calculadas as 9 de recuperacio de cada uma das
componentes do sistema celulisico e de proteina.

No capitulo resultados, representamos a titulo de exemplo
uma figura apenas correspondente a cada uma das separagbes
cromatogrificas efectuadas.

As fraccdes colhidas com alto peso molecular (Endogluca-
nases II, III, IV, V e celobio-hidrolases I e II), de uma maneira
geral, nas 7 separacdes efectuadas, ficavam contidas nos tubos
80-130 cujos volumes foram adicionados e constituiram um lote
e as de baixo peso molecular (contém Endoglucanase I e xilanases)
sajam de um modo geral entre os tubos 137 e 172, sendo igual-
mente o contetido de tais tubos adicionado e constituiram outro lote.
As fraccoes de alto peso molecular contribuiam, em média,
para a obtencio de um volume de cerca de 540 ml (em cada
uma das separacdes) que foi liofilizado. O residuo foi ressuspenso
(num volume que nio excedia 25ml) em tampio NaOH/acido
acético de forca idnica p = 0,1, pH 5,0 e as fracgdes parciais foram
sendo congeladas até se atingir o fim da separacéo.
Constituiram-se, assim, dois lotes, um com o0s conteidos da
1., 2.* e 3.* separacoes através de Ultrogel e o outro com os das
4., 5 e 6." separacdes, que vieram a ser fraccionados posterior-
mente em coluna de DEAE-Sefarose.

As fraccoes de baixo peso molecular, gue contribuiam, de um
modo geral, com um volume de 280 ml apés cada aplicacdo, foram
sendo precipitadas de novo com sulfato de amoénio 90 9, saturacéo
(com adicio lenta, a 0° C e sob agitacdo magnética constante, que
continuou até 1h apds a total dissolucdo do sal). Imicialmente
recuperou-se toda a proteina por centrifugacio durante 20 min
a 25000 rpm a 0° C (a partir da 3.* separacdo, passimos a filtrar
as amostras 4 trompa, usando filtros de vidro sinterizado, uma
vez que a presenca de Tween 80 durante a cultura, contribuia
para a formacao de uma fina pelicula &4 superficie do sobrenadante,
pelo que se perdia mais proteina durante a centrifugacdo).
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A recuperacio proteica foi feita usando tampéo acetato de amonio,
pH 5,0, 0,01M, nio se excedendo, em cada separacio, o volume
de 25 ml. Cada uma destas fraccbes era, posteriormente, agitada
magneticamente em cimara fria durante 30 min. No fim de todas
as amostras recuperadas, precipitadas e ressuspensas foram com-
binadas e congeladas aguardando estudo posterior.

Passo 2 — Cromatografia de permuta ionica — coluna de
DEAE-Sefarose CL-6B

Dadas as caracteristicas desta resina, as endoglucanases e a
celobio-hidrolase II sfo eluidas nos primeiros tubos, ficando a
celobio-hidrolase I adsorvida 4 coluna, sendo, apenas, possivel
elui-la depois de estabelecermos um gradiente de pH. Sabe-se que
as B-glucosidases saem também nos primeiros tubos da fraccéo
de alto peso molecular separada em Ultrogel AcA 44. No entanto,
como espécies de Trichoderma, infelizmente, sdo fracas sinteti-
zadoras de B-glucosidases (WoobD & McCRrag, 1982, purificaram e
caracterizaram g-glucosidase I e II de T. koningii) e ndo estAvamos
interessados, neste trabalho, em purifici-las, deixdmos de proceder
ao seu doseamento.

Para proceder & separacio enzimética preencheu-se uma
coluna de perspex com 2,5 X 33,5cm, com DEAE-Sefarose na
forma de acetato, equilibrada e eluida com tampédo acetato de
amoénio, pH 5,0, forca iénica p = 0,1. Aplicou-se amostra por duas
vezes (tendo sido reduzido o volume inicial de 75 para 28 ml
recorrendo mais uma vez 4 célula de ultrafiltracio Amicon).
A bomba peristaltica operou com um fluxo de 20 ml/h (1 gota/9 s,
eluicdo de 160 ou 200 gotas/tubo, 30 min/tubo, 10 ml/tubo).
Quando se verificava através do grafico que nio saia mais amostra
(apés o tubo n.° 55 na 1.* aplicacio ou o 106 na 2. aplicacdo)
preparou-se um gradiente de pH com solucdes tampdo acetato
de amoénio de pH 5,0 e de pH 3,8 e com a mesma forca idnica
(o sistema para efectuar o gradiente consistia em dois copos
graduados de igual volume contendo 500 ml de tamp@o num deles
pH 5,0 e no outro pH 3,8; os copos foram conectados através de
um tubo de vidro dobrado em U a servir de sifio; o tampio no
copo de mistura foi agitado magneticamente, obtendo-se, assim,
um gradiente linear que ficou sujeito & forca da gravidade com
um fluxo de 1 gota/9 segundos). De cada vez recolheram-se
amostras em 160 tubos, cada um contendo 10 mls de solucdo;
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as fraccdoes que constituiram o 1.° pico (na 1.* aplicacdo entre
os tubos 8 e 32 e na 2.* entre os tubos 8 e 44, contribuiram para
os volumes de 195 ou 265 ml respectivamente) foram combinadas
e precipitadas por 859 de saturacdo de sulfato de aménio, pro-
cedendo-se de igual modo com as fracgbes do 2.° pico (entre os
tubos 60-92, perfazendo um volume de 310 ml, que foi congelado
para estudo posterior) e do 3.° pico (na 2.* aplicacdo formaram-se
3 picos; o 3. entre os tubos’ 98-120 ou 144-156 obtendo-se os
volumes de 200 ou 108 ml respectivamente). Os guatro volumes
recuperados da coluna de DEAE-Sefarose foram, apés precipitacido
por sulfato de amoénio 859 de saturacdo, redissolvidos respecti-
vamente em 6, 12, 10 e 9,4 ml de tampédo acetato de aménio 0,01M,
pH 5,0. Cada uma das solugdes foi, posteriormente, centrifugada
a 25000 rpm durante 20 min a 0°C. As diversas solugbes foram
combinadas duas a duas (obtendo-se respectivamente 18 e 19,4 ml)
e aplicadas, separadamente, numa coluna de Biogel P6/DG para
dessalinizar as amostras. As fraccOes dessalinizadas foram com-
binadas e liofilizadas e passaram a ser designadas «endo» e «CBH».

Passo 8 — Dessalinizagdo em Biogel P6/DG

Uma coluna de perspex com 2,6 X 57 em foi compactada com
Biogel P8/DG, equilibrado em tampéo acetato de aménio 0,01M,
pH 5,0 e foi conectada a uma bomba peristaltica com um fluxo
de 25ml/h (200 gotas/tubo). Fizeram-se duas aplicacbes sepa-
radamente dos 18 e dos 19,4 ml (recuperados da coluna de DEAE-
Sefarose, adicionados, precipitados, redissolvidos e novamente
adicionados os volumes cujas fracgdes possuiam os mesmos grupos
de enzimas). A presenca do sal (sulfato de aménio) era reconhe-
cida quando ao se adicionar uma gota de cloreto de bario em HCI,
ao contelido dos tubos se formava um precipitado branco turvo.
Assim dada a presenga do sal a partir do tubo 22, combinamos
apenas o conteido dos primeiros vinte e um tubos.

Passo } — Tentativas de separagdo de endoglucanases
da celobio-hidrolase I1 (CBH I1)

Para procedermos a tal tentativa recorremos a utilizagdao de
diferentes tipos de colunas com cromatografia liquida (nomea-
damente HPLC = high performance liquid chromatography; ou
FPLC = fast protein liquid chromatography, com ecromatofocagem,
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permuta iénica ou com uma resina PBE 94 que adiante refe-
riremos).

a) Fraccionacio em coluna Mono S HR 5/5 em FPLC
— coluna de permuta catidnica

Foram feitas duas tentativas de separacio dos dois grupos
de enzimas-endoglucanases e CBH, usando uma coluna Mono S
e um aparelho da LEKB (Bromma, Suécia) solubilizando de cada
vez 20 mg da amostra <endo» em 0,5ml de tampdo acetato de
aménio pH 5,0, » = 0,1. A bomba peristéltica operou normalmente
a pressdo de cerca de 10 bar (1 MPa, 150 psi). Em cada corrida
obtivemos apenas 1 pico (no contetido dos tubos 2-4 que concorria
para o volume de 3 ml—1.° aplicacdo; e nos tubos 2-6, volume
total recuperado de 4,5 ml na 2.* aplicagdo). Dado que as percen-
tagens de recuperacio de proteina — 529 e de enzimas — 49;)
eram baixas e ndo ocorria boa separacio de xilanases, p-glucosi-
dases, endoglucanases pois safam todas no mesmo pico, recorre-
mos ao uso de outras colunas.

b) Fraccionacio em coluna de Fenil-superose HR 5/5-inte-
raccdo hidrofébica

Amostras de 5mg de «endo» foram dissolvidas em 1ml de
tampao pH 5,0, p = 0,1, OHNa:4cido acético —1,7M sulfato de
amoénio, na 1.* aplicacio ou 1,275M de sulfato de aménio na
2.* anélise cromatogrifica. Na 2 aplicacdo reduzimos a molari-
dade de sulfato de aménio dado que na primeira a amostra ficou
turva (e ao centrifugi-la e procedendo aos diferentes doseamentos
quer no sobrenadante quer no sedimento verificimos que era
neste que ficava grande 9% quer da proteina —60%, quer da
actividade enzimatica — 779% de CMCase).

As amostras foram, entio, aplicadas a uma coluna de fenil
superose (Pharmacia, Fine Chemicals) com 3 X 40 em previamente
equilibrada com o mesmo tampdo de solubilizacio da amostra
(tampdo A) até estabilizacdo da linha de base. Com um 2.° tam-
pdo — OHNa:écido acético pH 5,0 u = 0,1 (tampdo B) estabele-
ceu-se um gradiente do seguinte modo:

10 min eluicdo em tampédo A (0% de tampdo B)
10-60 min de eluicio em 0-100 % tampio B
60-100 min eluicdo em 100 % de tampdo B
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O fluxo foi de 0,5 ml/min (2 min/tubo=1 ml/tubo), & pressdo
de 2,2 mPa no inicio e 1,7 mPa no fim da corrida. Findos os
ensaios a coluna era lavada durante algum tempo com o tampéo B.
Como obtivemos, igualmente baixa % de recuperacio (36 ou 44 %
de proteina e 17 ou 25% de CMCase respectivamente nas duas
separacdes) e os picos ficavam mal definidos, tentimos a cro-
matofocagem recorrendo a uma coluna mono P em HPLC para
tentar mais uma vez, separar as diversas componentes celulasicas.

¢) Cromatofocagem em coluna Mono P HR 5/20-HPLC

Numa coluna da Pharmacia com 5 X 200 mm foram feitas
trés tentativas de fraceionacdo enzimética. Para tal solubilizimos
10 mg de «endo» em 0,7-2ml de tampido 0,025M Bis-Tris acido
iminodiacético pH 7,1, ou em 0,025M Bis-Tris HCl pH 6,3 na
3.* tentativa (tampdo A de eluicdo) e como tampdo B para o
gradiente, acetato de aménio pH 4,0 ou «polybuffer 74» pH 4,0
(na 3. tentativa e diluido 1:10). Estabeleceu-se, pois, um gra-
diente entre pH 7,1 e pH 4,0 nas duas primeiras tentativas e
entre pH 6,3 e 4,0 na 3.* tentativa. Estabeleceu-se um fluxo de
0,5 ml/min e uma pressio de 1,3 mPa (ou de 1,4 mPa na 3. ten-
tativa) para o tampéo A e de 2 min/tubo para o tampdo B.

O gradiente estabelecido foi, entdo, o seguinte:

Tempo Fluxo
(min) Gy % B O A
0 0,5 0 100
4 0,5 100
41 0,5 100 0
100 0,5 100 0

Verificando-se que a separacdo ndo era satisfatéria e que
as amostras evidenciavam, ainda, presenca de sulfato de aménio
solubilizou-se a amostra remanescente de «endo» (liofilizada) em
tampé@o acetato de amoénio 0,01M, pH 5,0 e procedeu-se a nova
dessalinizacdo recorrendo neste caso a Biogel P2. Procedeu-se de
igual modo com a solugdo «CBH I» separada em DEAE-Sefarose.
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Passo 5 — Dessalinizagdo por cromatografia em Biogel P2

Uma coluna com 25 X 50 cm, contendo Biogel equilibrado com
tampéo acetato de amoénio 0,01M, pH 5,0, conectada a um colector
de fracedes multirack, foi operada com uma bomba de perspex
3:125, 1.150 D, com um fluxo de 20 ml/h (160 gotas/tubo). As
solugbes tamponadas, quer a «endo» (1,418 g de peso seco) quer
a «CBH I» foram aplicadas na coluna, as fracgbes dessalinizadas
recolhidas de cada grupo de enzimas, foram adicionadas e liofili-
zadas. A amostra de endoglucanase saiu entre os tubos 7 e 17
tendo o respectivo volume sido combinado e liofilizado, recupe-
rando-se 83 % do residuo seco (1,1566 g). Nio incluimos, em
resultados, o grafico obtido, visto o considerarmos de pouco
interesse.

Passo 6 — Cromatofocagem — cromatografia em coluna
PBE 94-HPLC

Recorremos a esta coluna fazendo mais uma tentativa de
separar as endoglucanases da celobio-hidrolase II. Para tal usimos
uma coluna de 1,6 X 31 em («bed volumes de 62 ml) que foi cheia
com PBE 94 depois de lavada, desgazificada e adicionada a um
tampdo de equilibrio 25 mM histidina:HCI pH 6,2. Uma amostra
dessalinizada de «endoglucanase» (300,6 mg, ou 670,07 mg de peso
seco — foram feitas duas aplicactes da fraccéo liofilizada e dessa-
linizada remanescente) foi dissolvida no mesmo tampdo de equi-
librio e aplicada na coluna PBE 94,

A cromatografia processou-se nos seguintes moldes: a coluna
foi eluida com tampéo <polybuffer T4»:HCI, pH 4,0 (diluido 1:8),
com um fluxo de 20 ml/h (1 gota/9 sec — 100 gotas por tubo —
15 min/tubo, 5 ml/tubo, 4 tubos/h). Estabeleceu-se um gradiente
entre pH 6,4 e 4,0, o que permitiu resolver as amostras obtendo-se
um grafico com separacdo de varios picos (a 280 nm).

No fim de cada anilise cromatogréfica a coluna foi lavada
com NaCl 1M durante cerca de 1 h. As fraccdes separadas, foram
analisadas quanto a teor proteico (método do BCA, dado o rea-
gente de Folin dar interferéncia com o «polybuffer 74»), activi-
dades carboximetilcelulisica e avicelisica assim como avaliado
0 pH da solugdo recuperada em cada 2.° tubo.
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VII — Electroforese e «immunoblotting»

Recorremos ao método de LAEMMLI (1970) para analisar
aliquotas de fracgdes <endo» e «CBH I» apds liofilizacdo. As
amostras foram solubilizadas em tampéio de electroforese e apli-
cadas fraccOes de 50 pl de amostra nos pogos do gel de poliacrila-
mida e submetidas a electroforese em condicOes desnaturantes
com 10% de SDS. Os padrdes de pesos moleculares aplicados
foram: miosina (200 kDa), fosforilase B (97,4 kDa), albumina
de soro de bovino (69 kDa), ovalbumina (46 kDa), anidrase car-
bonica (30 kDa) inibidor de tripsina (21,5 kDa), lisozima
(14,3 kDa).

As bandas proteicas foram contrastadas com azul de Coo-
massie.

Para procedermos a técnica de «immunoblottings usamos o
método revisto e usado por Elisabeth Bock de Kopenhamns Univer.
Protein Lab, Pamen Institute, Dk 2200 Kopenhamn, Danmark. Os
anticorpos fornecidos pelo Dr. KuBicEk (Viena de Austria) contra
CBH I e CBH II ou endoglucanases actuaram em pH 7,5 (anticorpos
monoclonais) ou pH 10,2 (anticorpo policlonal). Usamos um tam-
pdo de transferéncia diluido 50 X em 209 de etanol; o tampéo
de lavagem apds o «blotting», pH 7,5 foi adicionado de 29 de
tween 20; o tampdo de lavagem e incubacio foram respectiva-
mente 0,05M Tris/HCI, pH 7,5 ou 10,2, 0,45M NaCl, 0,1mM PMSF
em metanol e 0,05 % tween 20.

VIII — Anilise de retencio de dgua e de resisténcia & trituracio
de papel reciclado

Cerca de 1g de papel ou cartéio previamente cortado ou des-
fibrinado com uma pinga, era mergulhado em 40 ml de 4gua des-
tilada e deixado durante cerca de 16h a temperatura de 20°C.
A polpa inchada era, entdéo, triturada num ultraturrax ou por
ultrasonicacdo, durante 5 min, ou 15 min de modo a poder ava-
liar-se o poder de retencdo de dgua pela amostra ou o efeito de
batida dos aparelhos de trituracio. Apés inchamento e termos-
tatizacdo a suspensdo era cuidadosamente filtrada (sem com-
pressao ou succdo) de modo a ser-lhe retirado o excesso de agua.
Foram sempre efectuadas 4 réplicas ou mais de cada amostra de
papel. Seguidamente usando cestos preparados para o efeito (em
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rede metilica muito fina, que eram colocados dentro de um cilindro
perfurado de perspex) procedia-se a centrifugacido da suspenséo
de papel, em centrifuga basculante a 3000 g, durante 10 min. Em
seguida determinou-se o peso himido e colocaram-se as amostras
a secar numa estufa para pesos secos durante, pelo menos 6h,
a 105° C, apés o que se calculou o peso seco. O valor de retengéo
de a4gua (WRV = water retention wvalue) é calculado, para as
amostras que foram trituradas durante 5 min, de acordo com a
seguinte férmula:
(peso himido-peso seco) X 100

WRV = [9%]1
peso seco

Em seguida calculdmos o efeito de batida, avaliando o valor
de retencéo de 4gua ao fim de 15 min de trituracdo e aplicando
a seguinte férmula:

' WR ~WRV (5 min
efeito de batida = WRV (5 min) — vV (15 n'ﬂn]2 ( )

Também o teor de cinzas € um parametro importante na
avaliacdo do valor de retenciio de Agua. Assim colocimos as
amostras depois de saidas da estufa em cadinhos de porcelana
(devidamente tarados) e levimo-las a incinerar numa mufla a
cerca de 560° C.

O peso das cinzas era deduzido quer ao valor de peso seco
quer ao de peso hiimido, antes de caleularmos o valor de retencio
de dgua, passando a férmula a ser, entdo:

ﬂl [(peso himido-cinzas) - (peso seco-cinzas)] X 100
i peso seco-cinzas

WRV

[%]

Niao achamos de interesse introduzir resultados dos valores
por nés encontrados para os trés tipos de papel (ou cartao)
ensaiados, uma vez que também, ndo temos resultados compa-
rativos de tais parimetros resultantes da accio das diversas
enzimas isoladas e purificadas.

RESULTADOS
A fracciio proteica enzimatica precipitada por 859 de satu-

racio de sulfato de amoénio tinha, aproximadamente, a actividade
do filtrado original. Na realidade 1 ml de suspensdo continha
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20,14 mg de proteina (num total de 7,67334g, 62% de recupe-
racio), 146 U. 1. de carboximetilcelulase (num total de 55547 U. L.,
~ a 100% de recuperacio) e 291 U. I. de xilanases (num total
de 110 700 U. I., com 629 de recuperacéo).

Na Figura 1 apresentamos um diagrama esquematizando todo
o processo de separacio e purificacdo das diferentes celulases
presentes no extracto extracelular da cultura de Trichoderma
koningii. .

Na Figura 2 representamos a distribuicio proteica e activi-
dades enziméaticas obtidas recorrendo a uma coluna de Ultrogel
AcA44 (figura correspondente a 4. aplicacdo) inundada com
fraccoes de 40 ml de extracto concentrado, por sulfato de amonio,
857, saturacdo, apos eluicio com tampdo acetato de aménio
0,01M, pH 5,0.

Nesta figura é evidente que este gel promove uma boa sepa-
racio entre as proteinas enzimiticas de alto (HMW = high mole-
cular weigth )peso molecular que sairam, de um modo geral entre
as fraccoes 80 e 130, das de baixo peso molecular (LMW = low
molecular weigth) que sairam nas fracgbes recolhidas nos tubos
137 a 172.

No Quadro I inscrevemos os resultados obtidos apés fraccio-
nacdo do extracto pela coluna Ultrogel AcA44 e os teores corres-
pondentes de proteina (em mg), carboximetilcelulase (em U. I,
CMCase) e actividade xilanisica (em U. 1) presentes quer no
extracto cultural extracelular, ou no extracto concentrado por
precipitacdo ou apés fraccionacdo cromatogrifica; representa-
mos, também, os valores totais recuperados assim como a 7 de
recuperacio em cada caso. Na realidade obtivemos sempre uma
percentagem de recuperagao elevada (entre 82 e 889%) apés cro-
matografia por Ultrogel AcA44.

Na Figura 3 representamos a separacio das componentes
endoglucanésicas da celobio-hidrolase I, através de uma coluna
de DEAE-Sefarose CL-6B (2.* aplicacdo na coluna). Como ja foi
referido em material e métodos as diversas fracgdes de alto peso
molecular separadas em coluna de Ultrogel AcA44 foram combi-
nadas, liofilizadas, ressuspensas em tampdo e aplicadas por duas
vezes em coluna de DEAE-Sefarose. Nesta figura pode verificar-se
a representacio de diferentes picos proteicos verificando-se um
primeiro pico onde se detectou, principalmente actividade carbo-
ximetilceluldsica (que safu nos tubos 8 a 32 ou 8 a 44 — por apli-
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QUADRO I
Actividade enzimAtica das componentes separadas em Ultrogel AcAd4

Proteina | CMCase Xilannse
(mg) (U.L) (U. 1)

Extracto cultural extracelular vol. 11440ml | 12355 | 52385 | 179036

Extracto cultural precipitado por sulfato de
aménio (859 saturacio). Aplicacio total

na coluna 7673 | 55547 | 110700
Fraccio de alto peso molecular ap6s sepa-

racio e recombinacio 4425 | 45308 T479
Fraccdo de baixo peso molecular apés sepa-

racio e recombinagio 1888 35m 88 868
Total 6313 | 48879 | 96347
%, de recuperacio 82 88 87

[ ®
s —— Boteina x 10 ——%—— CMCase U.l/ml —8— Xilanase 1/3

U.l/ml

Protefna 10 x mg /ml; CMCase U.l./ml

w0 o @
—. o™
N¢ fraccdes
Fig. 2. — Separaco de uma amostra de extracto extracelular de Trichoderma
koningii, concentrada por 85 % de saturagdo de sulfato de aménio, através de

Ultrogel AcA44, eluida com tampéo acetato de aménio 0,01 pH 5,0. HMW =
proteinas de alto peso molecular; LMW = proteinas de baixo peso molecular.
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Fig. 3.— Separagiio de endoglucanases (e celcbio-hidrolase II = CBH II) e de

celobio-hidrolase I (CBH I) apbs fraccionacio de amostra de alto peso

molecular através de uma coluna de DEAE-Sefarose, eluida com tampéo

NaOH:dcido acético pH 5,0 até sair a 1.» componente (endoglucanases) e com
0 mesmo tampdo em gradiente de pH entre 50 e 3,8.

cagdo de duas fraccies separadas, rendendo respectivamente 195
e 265 ml de volume) e s6 apds aplicagio de um gradiente de pH
(de 5,0 para 3,8) foi possivel fazer a eluicio de um pico proteico
com actividade que faz pressupor tratar-se de uma celobio-hidro-
lase I. Esta fraccio enzimética ficou fortemente adsorvida i
resina sendo, somente, eluida apé6s efectuar-se o gradiente referido.
Aquela fraccdo saiu nos tubos das fraccdes 98 a 120 ou nos das
144 a 156 (rendendo volumes de 106 ou 200 ml respectivamente).

Na 1.* aplicacdo formaram-se 2 picos com actividade CMCase
e na 2.% 3.* ficando neste caso um pico situado entre os tubos 60
e 92, cujo volume adicionado perfez 310 ml. Tal fraccio foi con-
gelada para estudo, posterior.

No Quadro II representamos as actividades das componentes
separadas em DEAE-Sefarose.

Nas fracgOes 8 a 32 ou 8 a 14 detecta-se, essencialmente, acti-
vidade carboximetilcelulisica e nas fraccdes 98 a 120 ou 144
a 156 a actividade encontrada permite admitir tratar-se da CBH I
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QUADRO II

Actividades das compenentes separadas em DEAE-Sefarose

Proteina (mg) CMCase (U. L) Xilanase (U. L)
2 aplicagdes, total 3 480 39286 U.L 4415 U. L
N.* das fracgdes 2
8-32; 8-44 1255 | 30 387 1063
60-92 46 1091 nido avaliada
98-120; :li-.l-l;l;—-—_ 1137 363 25
Total 2438 31841 - -
% de recuperacio T0 81 -

Ap6s mistura dos volumes recuperados por cromatografia em
DEAE-Sefarose (2 aplicacoes), precipitacdo por 909 de sulfato
de amoénio e redissolucio em tampido obtivemos dois lotes, um
com 18 ml (contendo endoglucanases e CBH II, num total de
1255 mg de proteina e de 30 387 U. I. de endoglucanases) e outro
com 19,4 ml (contendo CBH I, um total de 1137 mg de proteina,
vestigios de xilanases e 363 U. I. de endoglucanases) que foram
posteriormente dessalinizados através de coluna de Biogel P6/DG.

Quando se procedeu & dessalinizagdo em Biogel P6/DG foram
feitas duas aplicagbes na coluna. Da 1.* aplicacdo recolhemos
130 ml de solugéio repartida pelos tubos 9 a 21 e 150 ml nos tubos
10 a 24. Estas amostras ji nao evidenciavam presenca de sulfato.
Apos liofilizacdo separadamente de cada um daqueles volumes
recuperamos 1,58 g e 0,66 g de residuo seco. As fraccoes liofili-
zadas que passaram, entio, a ser denominadas «endo» e «CBH I»
e foram estudadas, fraccionadas e analisadas quanto a teor pro-
teico (LowryY et al., 1951), actividades endoglucanisica, avicela-
sica e xilanasica.

Nas tentativas de separacdo em diferentes colunas, quando
usamos fenil superose — Figura 4 — (representamos a 2.* aplica-
cdo) em qualquer das aplicacdes obtivemos um a quatro picos
com actividade proteica e dois picos com actividade carboxime-



270 Natércia Teixeira Rodeia

——&— proteina pg/ml
T2

=——0—— CMCase U.l4ml
R +10

Fig, 4.— Representagio de uma tentativa de separacio de endoglucanases
e de CBH II através de uma coluna de fenil superose. Ver condicGes
de trabalho em material e métodos.

tilcelulésica. Recolheram-se as fracgGes correspondentes aos picos
e combinaram-se (na 1.* tentativa o contetido dos tubos 24 a 33
e 34 a 40 e na 2.* tentativa o dos tubos 25 a 31 ou 32 a 40). Apés
adigdo obtivemos, em média, 8 ml de solucdo enzimatica de cada
pico. As soluges encontram-se congeladas aguardando estudo
posterior.

Quando recorremos ao uso da coluna Mono P — Figura 5 —
(correspondente & 3.* aplicacdo), realizimos trés tentativas de
separacdo. Na realidade na 1. aplicacdo obtivemos apenas um
pico contendo proteina, actividades carboximetilcelulisica e xila-
nésica e outros picos de proteina sem qualquer destas actividades.
Na 2.* e 3.* tentativas apds dissolucdo da amostra em 2ml de
tampédo, concentramo-las através de um filtro 30 KDa antes da
introducéo na coluna. Obtivemos, assim, na 1.* aplicacio, seis picos
de proteina, dos quais trés apresentavam actividade endogluca-
nésica, dois actividade avicelisica e um outro pico exclusivamente
com actividade avicelasica o que leva a admitir corresponder i
CBH II. Na 2:* aplicacdo combinimos o contetido dos tubos 11

CMcelulase (U.l./ml)
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Fig. 5. — Tentativa de separacio de endoglucanases e de CBH II através
de uma coluna Mono P em HPLC. Ver condigdes de separacio
em material e métodos.

a 14 (4ml de volume), dos 15 a 20 (5,4 ml de volume) e dos
26 a 30 (4,6 ml de volume). Na 3.* aplicacdo combinimos, entdo,
o conteddo dos tubos 3 a 6 (4ml) que evidenciava presenca de
proteina, actividade endoglucanésica e avicelisica («endogluca-
nase II»), dos tubos 7 a 11 (48 ml) com proteina e actividade endo-
glucanasica («endoglucanase III»), dos tubos 24 a 27 (4 ml) com
proteina e actividade avicelasica (provavelmente serd a CBH II),
dos tubos 28 a 34 (6,4ml) com proteina e actividade endoglu-
canisica («endoglucanase IV»). Além dos doseamentos proteicos
e enzimaticos efectuados em cada 2. fraccio recolhida, determi-
nimos, ainda, o pH (apés termos deixado as amostras algumas
horas a temperatura ambiente).

Dado que os resultados obtidos em algumas destas colunas
ndo se nos afiguraram de boa qualidade néo fazemos represen-
tacdo grafica das separacdes nelas efectuadas.
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Na Figura 6 representamos a 2.* separacio obtida de amostras
de «endo» através de uma coluna PBE 94. Na 1.* separacio obti-
vemos mais de vinte picos de proteina, tendo sido encontrada
actividade carboximetileelulasica nos 1.0, 2.7, 3.°, 5.2, 6.° T.° e 11.°
picos, sendo mais proeminentes o 1.7, 3.7, 5. e 11.°. A actividade
avicelasica foi detectada nos picos proteicos n." 1, 2, 3, 5, T e 10
sendo mais proeminentes os picos 1 e 10.

Na 2.* separacdo obtivemos 11 picos de proteina detectando-se
actividade carboximetilcelulasica mais acentuada nos picos n.° 1,
2, 3, 4 e T e actividade avicelisica nos picos n.* 1, 2, 3, 4, 5, 6,
7 e 9, obtendo-se teor mais elevado desta enzima no pico 6 onde
ndo se detectou qualquer actividade carboximetilcelulasica pelo
que se admite corresponder & CBH II. Dado que se estabeleceu um
gradiente entre pH 6,4 e 4,0, dai resultou a eluicio da CBH II
como um Unico pico proteico (E 280 nm) em pH 5,5. As outras
componentes adsorvendo a 280 nm foram eluidas respectivamente

St . — e
—peGuees DHIN10V 40— Avicelges — 95— ——8— prot.ug
| 1000 x CMCase 10 ml
moles/ml U.1./ml
| .min
E
'_E=-1au T CBHII 300
160 Endoglucanases i i
=] 250
5140 r
=
3120 200
@100 +

o
L= ]
CMCase U.L/ml; proteina pg/10 mi

== ]
=]

F
[=]

Hx10; Avicelas
@
o

[
o
=}

74 1

w
w

N* de fracgoes

Fig. 6. — Tentativa de separagic de endoglucanases e de CBH II através
de uma coluna PBE 94, usando gradiente de pH, sendo um dos tampdes
epolybuffer T4». Ver condicies de separaciio em material e métodos.
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em valores de pH 64 (endoglucanase II), pH 6,4 (endogluca-
nase III), pH 6,2 (endoglucanase IV) e pH 5,3 (endoglucanase V).
Nesta mesma figura estid representado o perfil de pH de cada
2.° tubo.

Véarias componentes proteicas adsorvendo a 280 nm e com
valores de pH situados entre 4,9 e 4,2 foram eluidas, mas, vir-
tualmente, sdo desprovidas de actividade celulisica.

Assim, procedemos as combinacdes indicadas no Quadro III
cnde inserimos os valores correspondentes is principais fraccoes
recolhidas, seu teor proteico e actividade carboximetilceluldsica,
apés cromatografia através da coluna PBE 94.

No Quadro III indicamos, também, as fraccdes principais
recolhidas (e respectivos picos) da coluna PBE 94, durante as
duas separacoes efectuadas cujas actividades e teores proteicos
se encontram inseridos no Quadro IV respeitantes a cada enzima
de per se.

Apés as diversas tentativas recorrendo as diversas colunas
e sistemas de eluicdo conseguiu-se uma boa separacio das Endo-
glucanases II, III, IV e V e separadas da celobio-hidrolase II,

QUADRO IV
Amostras obtidas apés fracclonagio através de PBE 94

Eoahee el P;‘::’;n (:ll:cll;’ Fm:&:?:m":m’
Fraccio total aplicada 610,411 17 508 ndo avaliada
Endoglucanase IT 66,747 4347 | 4053
Endoglucanase ITI 34,106 1139 737
Endoglucanase IV 49514 | 2954 ' 957
Endoglucanase V 102,886 : 6 140 i 5918
CBH II 84,542 F 405 5970
Tetal_- _: 337,795 E iel 885 17 635 ]
% de recuperacio i 55 l--- 86 nio determinada
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usando a coluna PBE 94 e o tampéo anteriormente referido. Foram
recolhidas amostras de 5 ml, mais uma vez ensaiadas quanto a
teor proteico (método do acido bicinconinico-BCA, descrito no
catalogo Pierce n.© 23220/23225, uma vez que o reagente de Folin,
segundo o método de LowRry et al., 1951, dava interferéncia com
o tampéio) e actividades enziméiticas celulasicas.

No Quadro IV inserimos .algumas referéncias relativamente
as fraccbes separadas através de coluna PBE 94.

No Quadro V resumimos os valores parciais de proteina, endo-
glucanases e xilanase na fracgio de alto peso molecular aplicada
e respectiva recuperacdo apés as diversas fraccionagbes croma-
tograficas.

QUADRO V

Recuperacio total do teor proteico e das actividades enziméticas
na fraccio de alto peso molecular

Proteina CMCase Xilanase

(mg) (U. L) (U. L)
Teor inicial aplicado 7673 55 547 4415
Recuperagio na fraccido cendo» 094 36 856 1088
Recuperaciio na fracgio «CBH Is 977 275 20,16
Total recuperado 1971 37131 110818
% de recuperacio 30 67 26

Possuimos agora 6 fraccdes purificadas das diferentes enzi-
mas celuloliticas, nomeadamente Endoglucanases II-V, celobio-
-hidrolases I e II. Na realidade depois de efectuadas as diversas
cromatografias dispomos das amostras combinadas e congeladas
ou liofilizadas seguintes:

a) Uma fraccdo de baixo peso molecular (1.* a 7.* separaces
efectuadas através de Ultrogel AcA44 —189,5ml) con-
tendo a Endoglucanase I e xilanases;
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b) Amostra de 310 ml (fraccdes recuperadas dos tubos 60-92)
separada em DEAE-Sefarose e que provavelmente se trata
de mais uma endoglucanase;

¢) 0,66 g de peso seco liofilizado de amostra recuperada de
DEAE-Sefarose contendo, provavelmente, CBH I;

d) Duas fraccdes de 3 ml e 4,5 ml separadas apos duas ten-
tativas de purificacio em coluna Mono S, correspondentes
aos tubos 2-4 e 4-6, contendo em mistura endoglucanases
e CBH II;

e) Fracgbes separadas através de coluna Fenil-superose, em
duas tentativas, sendo os volumes de 9,2 ml (tubos 24-33),
6,8ml (tubos 34-40) correspondentes a4 1.° separacido e
8,8ml (tubos 25-31) e 84 ml (tubos 32-40) obtidos apés
a 2.* aplicacdo; em qualquer dos casos devemos ter as
endoglucanases e a CBH II em mistura;

f) Na coluna Mono P obtivemos vérias amostras correspon-
dentes as trés fraccionacdes efectuadas; da 1.* separacio
retivemos 4,4 ml do combinado dos tubos 7-13 e as amos-
tras separadas na 2.* e 3.* aplicacdes (tubos 3-6 = 4 ml,
7-11 = 4,8 ml, 15-20 = 5,4 ml, 24-27 = 4 ml, 26-30 = 4,6 m],
28-34 = 6,4 ml) foram adicionadas & fraccio <endogluca-
nase» liofilizada remanescente, dessalinizadas em Biogel
P2 e aplicadas na coluna PBE 94;

g) As fraccoes resumidas nos Quadros IIT e IV, separadas
através de coluna PBE 94 foram combinadas aguardando
outros estudos.

As amostras purificadas foram submetidas a imunoelectro-
forese (western blot) usando anticorpos anti CBH I e IT e tendo
sido reconhecida afinidade para as referidas enzimas. Verificou-se,
pois, boa separacdo e boa afinidade. As bandas correspondentes
as endoglucanases, também, se apresentavam nitidas e bem sepa-
radas. Na realidade a CHB I ndo reage com o anti-soro anti CBH II
o mesmo se verificando com a CBH II e o anti-soro CBH I

DISCUSSAO

As condicbes culturais para producio de celulases de origem
microbiana, sio de ha muito examinadas e em particular as de
espécies de Trichoderma. Tem sido verificado que a maior acti-
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vidade esti, sempre, associada com um bom fornecimento de
oxigénio. £ de todo o interesse encurtar o tempo de incubagio,
obter enzimas com alto valor de actividade, a 50°C ou até em
temperaturas superiores, se se tiver em vista uma aplicacio
industrial a temperaturas elevadas. Tém, ja, sido estudadas diver-
sas fontes de carbono, indutoras de celulases para espécies de
Trichoderma. Nés ensaiamos, previamente, diferentes fontes de
carbono (celulose Avicel 1, 3 e'6 9%, celulose Whatman 1%, Solka-
-floc 19%) antes de seleccionarmos a'Solka-floe, diferentes tem-
peraturas e diferentes tempos de incubacio para seleccionar as
melhores condicdes de exsudacio de celulases e xilanases. Optamos
pelas condicbes indicadas em material e métodos. A inducéo,
separacio e purificacdo de celulases de Trichoderma é, ja, tentada
ha alguns anos.

Efectivamente em 1968 Woop procedeu & fraccionagdo de
extracto extracelular de 7. koningii contendo celulases induzidas
por fibras de algoddo. Recorreu a Sefadex G-75 para fraccionar o
extracto que foi concentrado por precipitacio por sulfato de
aménio (entre 20 e 809 de saturacio). Redissolveu o precipitado
em tampdo acetato 0,1M pH 5,0, o qual foi, também, usado para
eluir as enzimas cromatograficamente. Na realidade, também,
separou duas componentes com actividade celulisica, tendo con-
seguido separar a celobio-hidrolase I (CBH I) quando, apés varios
tratamentos do extracto, aplicou a primeira fraccio colhida de
uma coluna de Sefadex G-T5 noutra coluna de DEAE-Sefadex e
estabeleceu um gradiente salino. Neste trabalho usimos colunas
de resinas diferentes e optimos por um gradiente de pH para
eluir a CBH I adsorvida & resina, depois de termos efectuado a
eluicio das componentes endoglucanésicas.

Enquanto que Woop (1968) fraccionou o complexo endo-
glucanéisico, pelo menos, em trés componentes de baixo peso
molecular recorrendo a uma coluna de SE-Sefadex, neste trabalho
o melhor modo de o conseguir foi utilizando uma coluna de PBE 94
em HPLC tendo sido separadas 4 endoglucanases de alto peso
molecular. A endoglucanase de baixo peso molecular estd contida
numa fraccido congelada aguardando posterior purificagio.

Em esséncia a quebra da celulose por T. koningii envolve
uma accdo sequencial em que as endoglucanases iniciam a sua
accio ao acaso, as extremidades das novas cadeias geradas sdo,
entdio, removidas pela celobio-hidrolase que actua nas extremi-
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dades, entdo, geradas (WoobD & MecCRAE, 1972). Segundo 'Woobn
& McCrAE (1978) ha um ataque instantineo, primeiro nas porcdes
altamente cristalinas, seguindo-se o das extremidades libertadas,
de modo a impedir a reorganizacio das ligacdes glucosidicas entre
dois residuos de glucose firmemente estabelecidas em posicio por
pontes de hidrogénio intra e inter-moleculares. De acordo com
estes autores tal quebra é mais efectiva em presenca de celobio-
-hidrolases e de endoglucanases que formam um complexo activo
| a superficie da cadeia de celulose.

Embora tenhamos obtido vérias fracces de endoglucanases
(IT, III, IV e V) e CBH (I e II), elas ndo estio completamente
purificadas pois contém vestigios de actividades endoglucanisicas,
B-glucosidisicas e xilandsicas. O mesmo aconteceu a Woop &
McCRrAE em 1972. Em 1975 Woop & McCRAE descreveram o com-
plexo celulasico de T. koningii tendo fraccionado o seu complexo
celulasico em 8 componentes putrificadas por diversos métodos
envolvendo filtracio em gel, cromatografia de permuta iénica e
focagem isoeléctrica. Isolaram, pois, uma exoglucanase-celobio-
-hidrolase, duas endoglucanases de baixo peso molecular e duas
B-glucosidases que estudaram e caracterizaram. Mais tarde os
mesmos autores (1977, 1978) descrevem métodos que lhes permi-
tiram caracterizar quatro ou cinco endoglucanases (em vez de duas)
das quais duas tém capacidade para actuar sinergisticamente com
a CBH produzindo hidrélise extensiva de celulose de algodio. Eles
consideram as endoglucanases principais separadas (E I, E Ia,
E ITIb e E IV), diferentes, embora tendo substratos carboximetil-
celulose, celulose inchada pelo 4cido orto-fosférico e celo-oligossa-
ciridos de cadeia curta. Elas tém larga especificidade para os
substratos mas, diferentes modos de accio.

Segundo 'Woop a remogio da endoglucanase I (de baixo peso
molecular) nfio afecta a cinética de solubilizacio pelas restantes
celulases do complexo. Woop & McCrAE (1978) acharam surpreen-
dente o comportamento da endoglucanase I por apresentar muito
pequena capacidade de actuar sinergisticamente com a CBH. No
entanto, Woop & McCraE (1975, 1977, 1978) demonstraram a
accdo sinergistica entre a CBH e cada uma das outras endoglu-
canases isoladas, usando como substrato, especialmente, celulose
de fibras de algodao.
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Em 1988 WooD publicou um artigo de revisio, descrevendo
a purificacdo de celulases de T. koningii, no entanto de Junho
de 1992 a Marco de 1933 realizimos este trabalho e tentimos no
seu laboratério, modificar e rentabilizar métodos que nos permi-
tissem melhor recuperacio e purificagio das diversas componentes
do complexo celulisico sem preterir ou danificar as xilanases
induzidas, também, pela mesma fonte de carbono no mesmo
extracto extracelular e sob as mesmas condicoes de cultura, uma
vez que se pretendia obter os dois complexos integralmente com
o objectivo de se promover reciclagem de papel por via enziméitica.

Referiremos, entfo, algumas das alteractes introduzidas na
purificacdo de celulases de alto peso molecular em 7. koningii,
comparativamente ao descrito por WooD em 1988:

— Substrato — Utilizamos Solka-floc cellulose em vez de fibra
de algoddao como fonte de carbono e de energia;

— Meio de cultura — Usimos o meio descrito por MANDELS
& WEBER (1969) que é diferente do utilizado por Woop (1988);

— Concentraciio enzimftica — Recorremos ao método da pre-
cipitacdo por 859 de saturacio por sulfato de amoénio em wvez
de precipitacio 1.° até 209 e s6 depois de centrifugado, pre-
cipitacdo por 809 de saturacio;

— Redissolucio — O precipitado apds centrifugacdo foi res-
suspenso em tampéo acetato 0,01M em vez de 0,1M;

— Dessalinizacio — Por Biogel P8/DG efectuada, somente,
apos duas cromatografias em gel (Ultrogel AcA44 ¢ DEAE-
-Sefarose) em vez de retirar os ides sulfato logo & partida
recorrendo a Sefadex G-25; a 3.* dessalinizacio foi efectuada
usando Biogel P2 em vez de Sefadex G-25;

— Doseamentos — Foram introduzidas algumas alteracoes
quanto aos doseamentos de proteinas e doseamentos enziméticos
(como referido em material e métodos);

— Eluicio cromatografica — Separacdo de endoglucanases e
xilanases de alto das de baixo peso molecular por diferentes tipos
de resina (gel cromatografico);

— Separacao e purificacio — Foram introduzidas alteractes
nestes métodos para separar endoglucanases de alto peso molecular
e as celobio-hidrolases I e II. Recorreu-se, igualmente, a DEAE-
-Sefarose Cl-6B para separar a CBH I mas de uma solucéio pre-
viamente fraccionada em Ultrogel AcA44 (nfo usimos conca-
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navalina A-Sefarose nem o mesmo tampéo de eluigdo). Recorremos,
igualmente, ao uso de um gradiente de pH (5,0-3,8) mas néo sepa-
ramos a CBH II. Também a separacdo de 4 endoglucanases de
alto peso molecular e da CBH II foi levada a efeito de modo
diferente (apés recurso a diferentes resinas — Mono P, Mono S,
Fenil superose em cromatografia liquida de alta pressio) sendo
o melhor aquele em que utilizimos uma coluna de PBE 94 e
«polybuffer T4» na eluicdo com um gradiente de pH entre 6,0 e 4,0.

Embora nio completamente purificadas isolamos, também,
5 endoglucanases (uma de baixo e 4 de alto peso molecular)
e 2 celobio-hidrolases (CBH I saida apés cromatografia em
DEAE-Sefarose e a CBH II separada das endoglucanases em
coluna de PBE 94, por gradiente de pH estabelecido com o tampdao
«polybuffer T4»).

Desperdicio de papel é usado extensivamente como material
sem valor econémico acrescentado na indistria da polpa e do
papel. Durante a reciclagem de desperdicio de polpa de papel
varias propriedades criam problemas e limitam o nimero de
vezes que o papel pode ser reciclado. Estudos preliminares com
preparados de enzimas ndo purificadas indicam que as enzimas
podem ter um papel activo no melhoramento da qualidade do papel
reciclado. E uma necessidade urgente identificar as enzimas espe-
cificas que produzem os efeitos desejados.

1 bem sabido que enzimas, que degradam a parede celular
vegetal, provenientes de fungos ou de bactérias contém uma
larga gama de actividades capazes de atacarem quer a celulose
que a hemicelulose. Pasta de papel preparada a partir de madeira
de resiniceas (a partir por exemplo de madeira de pinheiro)
contém os polissaciridos manano e xilano em adico & celulose,
enquanto que pasta de papel obtida a partir de folhosas (eucalipto
por exemplo) contém xilano como prineipal componente da hemi-
celulose. As enzimas que degradam os polissaciridos cellulose e
hemicelulose (xilano essencialmente) tém sido particularmente
bem estudadas e tem sido estabelecido que cada sistema enzimatico
contém uma variedade de enzimas com diferentes modos de accéo.
Parece, igualmente, que uma ou mais destas componentes enzi-
maticas que degradam celulose e xilano produzirdo melhoramento
desejavel nas propriedades do papel reciclado.
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Tratamento de desperdicio de polpa de papel tal como retirar
fibras, tinta e branqueamento atingiu ja& um alto padrao de
qualidade. Contudo, o problema criado com a introducdo de des-
perdicio de papel na polpagem ndo pode ser resolvido por tais
processos fisicos. Tratamentos enzimaticos de polpas para aumen-
tar as propriedades fisicas do papel ji foram descritos em duas
patentes (Jpn. Kokai Tokkyo Koho JP 63, 135, 597, 1988 e Eur.
Pat. Appl. EP 262, 040, 1988). Ambas as patentes descrevem o
uso unicamente de preparactes enzimaticas ndo purificadas e
mencionam gue o sistema enzimAtico deve ser usado com grande
cuidado dada a facilidade com que as fibras sdo prejudicadas
por accao enzimatica.

Desperdicios de polpa apresentam uma maior 4rea superficial,
pois ja foi sujeita a tratamentos quimicos para remover a lenhina
e parte da hemicelulose e parece, igualmente, que o tratamento
enzimatico serd um sucesso nestas circunstincias.

A deficiéncia em madeira na CEE é reflectida pela enorme
quantidade de papel reciclado (47%) usada para produzir pro-
dutos na inddstria papeleira. O fnico pais que excede aquela %
é o Japiao (50%). O papel de embrulho contém uma % notével,
959, de polpa reciclada e claramente esta propor¢ido ndo pode
ser mais aumentada. Contudo existem possibilidades para aumentar
a quantidade de desperdicio de papel na polpagem e que pode ser
usada na manufactura de papel de alta impressdo. Como pré-
-requisito devem ser introduzidos tratamentos especiais posteriores
as polpas com os desperdicios. Tais polpas s6 podem ser recicladas
algumas vezes dado que as fibras da polpa perdem a sua flexibi-
lidade apés uso repetido e tal resulta numa diminuicio da efi-
ciéncia das ligacdes quimicas entre as fibras, durante a prepa-
racio da pasta para papel e num aumento da sensibilidade
Schopper-Riegler. Estas propriedades indesejaveis conduzem a um
decréscimo na eficiéncia das méaquinas, a uma reducdo nas pro-
priedades de perda de 4gua e a um alto consumo de vapor. A degra-
dacdo controlada da celulose e da hemicelulose com enzimas puri-
ficadas melhorara as propriedades do papel reciclado e contribuira
para uma economia no processo industrial.

Assim, o meu trabalho de investigacio consistiu no isolamento
e purificacdo pareial e total (de extractos culturais extracelulares
de fungos celuloliticos) das componentes enziméticas possuindo
actividade celulasica e xilandsica que podem efectuar a degra-
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dacdo controlada de algumas cadeias dos polissacaridos celulose
e xilano. As actividades enziméticas de interesse incluiram endo
e exo-celulases, endo e exo-xilanases com capacidade para pro-
duzirem pequenas alteragbes nas moléculas de celulose e de xilano.
A separacdo das enzimas envolveu a utilizacdo de uma série de
técnicas cromatograficas e electroforéticas, nomeadamente fil-
tragdo por gel, cromatografia por troca ibnica, cromatofocagem
em colunas e uso de geles de imobilinas.

Antes de ensaiarmos a accdo das enzimas purificadas sobre
desperdicio de papel fizemos alguns ensaios de avaliacio de algumas
caracteristicas de papel e de cartdo para termos uma possibilidade
de comparacdo entre tais compostos antes e depois de actuados
pelo conjunto das enzimas purificadas.

CONCLUSOES

1. — A partir de 121 de meio de cultura onde se fez crescer
T'richoderma koningii obtivemos 1,8 g de peso seco de uma amostra
contendo actividades endoglucanase II, III, IV e V e actividade
celobio-hidrolase II.

2. — Obteve-se, ainda, 0,66 g de peso seco contendo actividade
celobio-hidrolase I.

3.— Uma solucio contendo a Endoglucanase I e xilanases.

4. — Apés fraccionamento e purificacdo da componente de
alto peso molecular recuperimos 4500 Unidades Internacionais de
Endoglucanase II, 1200 Unidades Internacionais de Endogluca-
nase III, 3000 Unidades Internacionais de Endoglucanase IV,
6000 Unidades Internacionais de Endoglucanase V e 6 ymoles min-1
de celobio-hidrolase II.

Estas enzimas vdo agora ser ensaiadas sobre desperdicio de
papel para ser tentada a reciclagem.
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SUMMARY

Assessing the status of endemic and rare species in Southern Portugal
following fleld research in april 1992. Additions and alternations to the rare
and threatened plant list of Portugal are proposed.

ROM the fifth to the sixteenth of april, I had the opportunity
to visit the Algarve and Baixo Alentejo provinces of Southern
Portugal. The goal was to look at the status of those plant species
that are endemic to Portugal or that have a large part of their
distribution in Portugal. With these field observations I propose
a list of rare and threatened plants of Portugal together with
their conservation status. When appropriate, I colected herbarium
specimens for further study and living plant material for ex situ
conservation.

I'll give a list of the rare and threatened plants I searched
for, together with information on where they could be found and
how abundant they were. Herbarium specimens will be cited as
(Herbarium code were the specimen has been deposited; collector:
Herbarium number).

CARYOPHYLLACEAE

Arenaria algarbiensis Welw. ex Willk., A. conimbricensis Brot.
& A. emarginata Brot.

Two rare plants that could be found growing close to Tube-
raria major were Arenaria conimbricensis and Arenaria algar-

[2ss]
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biensis. They are not mentioned in previous works, howewer,
I feel that A. algarbiensis deserves the status of vulnerable and
A. coimbricensis at least rare. These delicate annuals have largely
disappeared through a different landuse. They are often mentioned
growing in vineyards where I did not see any of them. A third
species, 4. emarginata with pink notched petals I searched for
without success. Last year I searched for it in vain in SW-Spain
and it is now probably most common in Moroecco.

Herniaria algarvica Chaudhri

I could only find a few small specimens some 20 m NE- of
the Cabo de Sdo Vicente lighthouse. They grew on sandy soil
in between rocks. This area was often trodden on by tourists
and local fishermen. I've not seen the species anywere else. There
is a record from near Lagos but it has probably long since
disappeared there. Another record is from near Sines, some 120 km
to the north this is N- of Vila Nova de Milfontes where I saw
H. lusitanica which is its closest relative. This species differs
in that it is larger in all its parts and the internodal spaces
are larger.

Loeflingia tavaresiana G. Samp.

This species may be extinct in Portugal. It is only known
from two localities (JALAS, J. & SuoMiN, 1972) which are heavily
populated and I did not find any specimens there. There are
however recent records from Moroco (BR; J. Lewalle: 12965,
12813) and SW-Spain.

Silene rothmaleri P. Silva

This species is only known from the typus which was collected
near the Cabo de Sdo Vicente in april 1945. It has been searched
for by other botanists but without success. I didn’t find any
trace of it either but I would like to make the following remark.
In the area and also near Aljezur (BR; R. Govaerts: 142, 143)
specimens of Silene latifolia occur that look remarkably like
8. rothmaleri but of course they have male and female flowers
and the leaves are less spatulate.
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MALVACEAE

Lavatera mauritanica subsp. davaei (Cout.) Cout.

Of this species I saw one population of some 30 individuals
SW —of Sagres on Foraira.

BRASSICACEAE

Biscutella vincentiana (G. Samp.) Rothm. ex Guinea

This is a common species between Sagres and the Cabo de
Sdo Vincente. It grows in different habitats. Compact plants with
thick stems could be found growing in between the rocks on the
soil (BR:; R. Govaerts: 113). Larger plants with thin stems could
be seen growing on dunes where they served to fix the sand.
These plants had a lot of thin side shoots which all ended in a
loose rosette. The plant is considered to be endemic to this area,
however, I found a small population some 30km to the north.
They grew inbetween rocks on a steep cliff facing north over
the river Cercal, NW- of Aljezur close to the sea (BR; R. Go-
vaerts: 120).

Diplotaxis vincentiana (Couth.) Rothm.

This plant is reported from the Cabo de Sdo Cicente and
from near Aljezur (LISE; P. Silva, Fontes & B. Rainha: 4375).
It is said to differ in its leafless stems and smaller petals (to
6 mm) but these characteristics can also be found in D. catholica
and thus they should be considered synonymous even if different
chromosome numbers are reported (PARKER, P. F., 1981). Between
Sagres and Cabo de Sdo Vicente, D. siifolia could be found (BR:
R. Govaerts: 121) and near Aljezur, D. catholica was rather
common.

Iberis sampiana Franco & P. Silva

A few large colonies could be found between Sagres and
the Cabo de Sdo Vicente, some of which had over 100 individuals.
The plant remains rare because of its limited distribution.
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ERICACEAE

Rhododendron ponticum subsp. baeticum (Boiss. & Reut.) Hand.-
-Mazz.

The species occurs sporadically on the Serra de Monchique.
1 saw one specimen along the road to Foia at some 800 m and
a larger population of some ten specimens somewhat further
down along a stream at some 650m in a small part of what
still remains of the natural forest of Castanea sativa, Fagus
sylvatica and Quercus suber (BR; R. Govaerts: 118). In april
1991 I searched for this species in Southern Spain, W- of Alge-
ciras but did not find it there. Although the specimens were in
good health, I did not see any young plants nor empty seedpods.
The species has the status of rare, which is certainly no
exaggeration.

FABACEAE
Astragalus algarbiensis Coss. ex Bunge

I did not find this species and it is certainly endangered in
Portugal. In SW-Spain it seems to occur at the mouth of the of
the rio de las Cafas and rio Guadarranque rivers, N- of Alge-
ciras although it might be extinct there as it is not even men-
tioned in the Flora vascular de Andalucia occidental (VALDES
& al., 1987). There is however a recent record form NW-Morocco
(BR; J. Lewallé: 12974).

EUPHORBIACEAE

Euphorbia monchiquensis Franco & P. Silva

This species also occurs from SW-Portugal to SW-Spain.

It was first described from the Serra de Monchique. I saw
two populations, each consisting of some eight plants. This
species looks somewhat like Euphorbia amygdaloides which is
also said to occur here.

The first population I saw grew along the road to Foia at
some 600 m. The second grew along a path SE- of Monchique at
the W- side of Mt. Picota. With the first population grew one
specimen of Linaria amethystea. On Mt. Picota one could see
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Quercus canariensis (BR; R. Govaerts: 133) and Quercus faginea
(BR; R. Govaerts: 132) which is a small shrub that grew near
the top. Other interesting plants growing in the Serra de Mon-
chique are Myrica faya, of which I saw one young specimen SW-
of Monchique. On the NE- side of Mt. Foia a large population
of Dianthus lusitanicus could be found growing on an outcrop of
white rocks.

GIS'TACEA_E?
Cistus palhinhae Ingram

This species is related to Cistus ladanifer (BR; R. Govaerts:
147) which is common in Southern Portugal. C. palhinhae differs
clearly in that it lacks the dark basal spot on the petals. The
species can be found from Sabres to the Cabo de Sdo Vicente
and somewhat further to the north. It is common all along the
coast and even forms the dominant vegetation in some parts
(BR; R. Govaerts: 139). The plant has the status of rare mainly
because it has a very limited distribution.

Tuberaria major (Willk.) P. Silva

T. lignosa is a common plant in the Serra de Monchique, it
looks somewhat like T. major but is more compact and the leaves
more hairy. T. major is a critically endangered species close to
disappearance, although it is a very vital species that can grow
very quickly. Specimens that I took into cultivation grow much
faster then my specimens of T. lignosa. I found this species in
an open forest of Pinus pinea, W- of Faro and NW- of the airport.
This forest however was being destroyed. One of the large building
projects was a new university. This forest is the last of its kind
in Portpugal and some of the most interesting and beautiful. The
area was scattered with bulbs like Scilla, Dipcadi serotinum and
Leucojum trichophyllum. Other rare plants like Thymus lotoce-
phalus, Armeria macrophylla and Linaria longepedunculata could
be found growing here. The only reasson Tuberaria major has
become that rare is through the disappearance of its natural
habitat which is open forest on a sandy soil. Such forests can
also been found further west near Quarteira where they are
being filled with villas or intensively used by turists. This results
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in a poor forest where only grasses and sometimes Armeria
macrophylla and Thymus villosus can survive. This will probably
also result in the disappearance of Thymus lotocephalus and T. car-
nosus from this area.

PLUMBAGINACEAE
Armeria arcuata Welw. ex Boiss. & Reut.

This species has only once been collected near Vila Nova
de Milfontes. Its taxonomic status is still in doubt.

LAMIACEAE
Thymus camphoratus Hoffm. & Link

This too is a very beautiful plant that can form perfect
round bushes filled with flowers. It is often a common plant in
SW-Portugal and large populations could be found all along the
coastal area often with many seedlings invading open or disturbed
land. This Thymus was certainly more common than any Arenaria
and merely deserves the status of rare. The most inland popu-
iation I saw grew on hills south of Bensafirm (BR; R. Govaerts:
115). This area is also the locus classicus of Scorzonera trans-
tagana but this species is now probably extinet in Portugal and
the only remaining population must be considered to be near
Benadalid in The Malaga province of southern Spain. Avellara
fistulosa has probably undergone the same fate. I searched for
it near Aljezur without succes and its only remaining known
localities are in SW-Spain and WC-Portugal, although it should
also be searched for in other rivers of Southern Portugal. Some
other interesting plants growing south of Bansafirm were Biarum
tenuifolium, Serratula alcalae and Gennaria diphylla.

Thymus lotocephalus G. Lopez & R. Morales

As mentioned before, this plant could be found growing
with Tuberaria major in open forest of Pinus pinea. It is a very
beautiful plant and was just coming into flower. It sometimes
formed the dominant vegetation. The plant only grows in the Faro
region and I first searched for it near Loulé and near Quarteira
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but was unable to find it. There is also a record from near Luz
(MA: R. Morales & al.: 217912) which is near Lagos but I did
not search for it there.

SCROPHYLARIACEAE
Linaria algarviana Chav.

This species is eritically éndangered. I only found two small
specimens east of the Cabo de Sao Vicente. The species is limited
to this area and has never been very abundant but is now critically
threatened with disappearance. The species is closely related to
Linaria spatea (BR; R. Govaerts: 127) which grows over a large
area in Portugal and SW-Europe. The only differences I could
detect are that L. argarvana always has purple flowers. L. spaiea
normally has yellow flowers, however, I found some colour variants
near Quarteira in a forest of Pinus pinea where villas were being
built. One had brownish-yellow flowers, the other purple. The
second difference is that, generally L. spatea is larger an more
erect and L. algarvana often has more ascending branches and
leafy creeping ones.

Linaria ricardoi Coutinho

Nearly the entire population ean be found within a 30 km
radius around Beja. One of the most recent colection was made
in 1960 by I. MaTos, A. & R. FERNANDES near Olivelas. I too
visited this location which is nearly entirely being used for agri-
culture. T searched the area for some hours but without sucess.
There was however a small unused area facing north over the
Odivelas river which had a diverse bulb vegetation including
Fritillaria lusitanica, Tulipa sylvestris subsp. australis, Hyacin-
thoides hispanica, Scilla autumnalis, Scilla monophyllos and others.
Most records of this Linarie are from the Serpa area. Unfortu-
nately, I didn’t have the time to visit this locality where it can
probably still be found. The status of this species is clearly
endangered.

It is also in this area that Gratiola linifolia can be Found.
I stoppede near Castro Verde along the Cobres river and searched
along both banks of the river but again without success. Here
again bulbs could be found. Some were even growing in the river
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like Narcissus bulbocodium subsp. obesus (BR; R. Govaerts: 135)
and Narcissus willkommii (BR; R. Govarets: 136).

ASTERACEAE
Picris comosa subsp. lusitanica (Welw. ex Schlecht) Talaveca

This species can be found from SW-Portugal to SW-Spain
and was first described from near Sao Marcos da Serra along
the Odelouea river. 1 found plants growing on a path that went
up the mountainside facing the river. I also saw specimens east
of Porto de Lagos on a path in a Eucalyptus forest. The species
occurs only sporadically and deserves the status vulnerable. The
plants were not yet in flower and grew together with Pulicaria
odora (BR; R. Govaerts: 137). Most specimens seem to die after
they have flowered. The species also occurs in the Serra de Mon-
chigue, but I did not see it there.

LILIACEAE

Hyacinthoides vincentiana (Hoffm. & Link) Rothm. & Bellevalia
hackelii Freyn

Both species occur sporadically between Sagres and the Cabo
de Sdo Vicente, often in very sandy soil. Both species were in
fruit when I visited the area in april. The main features of Hya-
cinthoides vincentiana are the few flowered to 10 em long flowering
spike and yellow anthers. Therefore I cannot give any comment
on the status of Hyacinthoides vincentiana. It is interesting to
note that in the Serra de Monchique large colonies of Hyacin-
thoides hispanica were in flower at that time, making cross polo-
nation impossible with the specimens of Hwyacinthoides on the
Cabo de Sdo Vicente.

Bellevalia hackelii is clearly a rare plant and certainly
deserves the status of vulnerable. Although specimens are said
to grow all over South West Portugal, I did not find any outside
the area between Sagres and the Cabo de Sao Vicente.

POACEAE
Helictotrichon hackelii (Henriq.) Herard

This plant was said to be extinet but RomeEro Zarco (1989),
in this review of Avenula in the Iberian peninsula said that it
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TAELE 1

Rare and threatened plants of Portugal and their local and world status

Plant name & author

Conservation status

i

Arenario algarbiensis Welw. ex Willk.

Arenaria conimbricensis Brot.

Arenaria emarginatag Brot. .

Armeria arcuata Welw. ex Boiss. & Reut.

Armeria linkiana Nieto Feliner

Astragalus algarbiensis Coss. ex Bunge

Avellara fistulosa (Brot.) G. Blanca & Diaz

Bellevalia hackelii Freyn

Biscutella vincentina (G. Samp.) Rothm.

Bupleuwrum acutifolium Boiss.

Centaurea fraylensis Sch. Bip. ex Nyman

Cistus palhinhae Ingram

Euphorbic monchiquensis Franco & P. Silva

Euphorbia transtagana Boiss.

Helictotrichon hackelii (Henrig.) Herard.

Helictotrichon hackelii var. algarbiensis (Romero
Zarco) Govaerts

Herniaria algarvica Chaudri

Hyacinthoides vincentiana (Hoffm. & Link) Rothm.

Iberis sampiana Franco & P. Silva

Jonopsidium acaule (Desf.) Reichb.

Juniperus naviculare Gand.

Lavatera mauritanica subsp. davaei (Cout.) Cout.

Linaria algarviana Chav.

Linaria ricardei Cout,

Loeflingia tavaresiana G. Samp.

Picris comosa subsp. lusitanica (Welw. ex Schlecht)
Talaveca

Rhododendron ponticum subsp. baeticum (Boiss. &
Reut.) Hand.-Mazz.

Scorzonera transtagana Cout.

SBenecio lopezii Boiss.

Silene rothmaleri P. Silva

Thymus carnosus Boiss.

Thymus camphoratus Hoffm. & Link

Thymus lotocephalus G. Lopez & Morales

Trisetaria dufourei (Boiss.) Paunero

Tuberaria major (Willk.) P. Silva
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Explanation of the code used:
Ex: extinet; E: endangered; V: vulnerable; R: rare.



294 R. Govaeris

was still abundant at its locus classicus near Vila Nova de
Milfontes. I visited the area and searched for it the whole day
but was unable to find it near the coast. The plant is of course
not yet in flower in april and can easily be overlooked or confused
with Ammophila arenaria subsp. arundinacea which is very
common in these dunes. ROMERO ZARcCO also published a new
variety from the Cabo de Sdo Vicente region. Here also I sear-
ched without success. Here H. hackelii var. algarbiensis could
easily be confused with the very common Stipa tenacissima (BR;
R. Govaerts: 145). I did however find H. hackelii on a new loca-
tion NW- of Aljezur some 100 m from the coast on top of a
plateau S- of the river Cercal (BR; R. Govaerts: 126).

These plants were just coming into flower and grew close
to small shrubs on fixed sand. The glumes were hairly only near
the base and thus belonging to var. hackelii.

Trisetaria dufourei (Boiss.) Paunero

I saw this species only near Lagos along the road to the
station.

NEW COMBINATION USED IN THE ARTICLE

Helictotrichon hackelii var. algarbiensis (Romero Zarco) Govaerts
comb. nov.

basionym: Avenula hackelii var. algarbiensis Romero Zarco
in Lagascalia 13(1): 136 (1984).
Typus: (SEV; Romero Zarco: 8381).
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SUMMARY

a-Glucosidase sample from yeast was incubated in a reaction system
containing p-nitrophenyl-»-D-glucopyranoside and, in the presence or absence
of several kefones, the catalytic profiles were monitored spectrophotome-
trically for assessine their effects on the hydrolysis of the enzyme substrate.
z-Glucosidase was very sensitive, showing its strict sensitivity towards
ketones fed, Under the condition of the present study, the promotion of
a-glucosidase activity by ketones observed was as follows: methyl ethyl
ketone acted on z-glucosidase most promotingly (9.1 increase), diethyl
ketone followed this with an inecrement rate of 6.19, then dimethyl ketone
and methyl vinyl ketone came next (both 5.39), the efficacles from adipic
ketone and dibenzyl ketone decreased further (both 3.8 % Iincrease). The
findings are quoted to interpret briefly a possible bicinteraction between
z-glucosidase and ketones,

INTRODUCTION

A new indication that acetone enhances the activity of g-glu-
cosidase is an introductory evidence driven from our latest
studies, where diluted acetone was fed externally to a reaction
system containing g-glucosidase sample and p-nitrophenyl-g-D-glu-
copyranoside (SAITO & MoRri, 1993). On dosage of 0.0015% (v/v)
acetone, 3.3 % net increment of the enzyme activity was observed
in the presence of 1 unit per millilitre g-glucosidase.

This was suggested originally from our initial studies on
cellular compartmentation of precarthamin in the floral tissues

1 To whom all correspondence should be addressed.
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of dyer's saffron (Carthamus tinctorius L., Compositae) (SarTo
& KATSUKURA, 1993). Works have shown that aqueous acetone
facilitates strikingly the dissociation of precarthamin from the
triturated flowers (Sarro, 1993), which led us to examine the
influence of acetone on pg-glucosidase activity. Although the
promotion of B-glucosidase activity by acetone was clear at an
experimental level, the question whether or not the potential
capacity of acetone ranges widely over other hydrolytic enzymes
is not clear. For generalizing the promotive action of acetone
on B-glucosidase catalysis, additional studies are requisite to be
continued in succession.

This paper will inform the data from new investigations on
the facilitive capacities of ketones towards «-glucosidase-catalyzed
hydrolysis of p-nitrophenyl-«-D-glucopyranoside. Here, six different
ketones such as dimethyl ketone, methyl ethyl ketone, diethyl
ketone, methyl vinyl ketone, adipic ketone and dibenzyl ketone,
are to be tested under the similar experimental conditions as
reported precedingly (Sarro & Mori, 1993).

MATERIALS AND METHODS

CHEMICALS

Dimethyl ketone, methyl ethyl ketone, diethyl ketone, methyl
vinyl ketone, adipic ketone, dibenzyl ketone, sodium dihydrogen
phosphate dihydrate and disodium hydrogen phosphate 12-water
were purchased from Wako Pure Chemical (Osaka, Japan). «-Glu-
cosidase (EC 3.2.1.20, specific activity 50.6 units/mg) from yeast
was obtained from Oriental Kobo (Tokyo, Japan). p-Nitrophenyl-a-
D-glucopyranoside was supplied by Sigma Chemical (St. Louis,
MO, USA). Ultra pure water used to dissolve or to dilute che-
micals was prepared by using an ultra-pure water manufacturing
device, Toray Pure, model LV-08 (Toray C., Tokyo, Japan).

ASSAY OF ENZYME ACTIVITY

a-Glucosidase activity was assayed spectrophotometrically at
37° C for 1-2 min. The reaction mixtures (3.0 ml) contained 0.003 %
(v/v) test ketones, 0.4 ymol p-nitrophenyl--D-glucopyranoside and
50 mM phosphate buffer, pH 6.8. They were put into a quartz
vessel and kept at a constant temperature (37°C) in a cuvette




Acceleration of z-Glucosidase activity by diluted ketones 299

holder, whose surroundings were circulated continuously by
warm water stream. After 3.0 min pre-incubation, enzyme reaction
was initiated by the addition of 1.0 ml «-glucosidase (0.2 units).
A Hitachi automatic doublebeam UV/VIS spectrophotometer,
model U-3500 was used to the spectrometric monitoring, which
was done at A4 400 nm for 1-2 min with a sensitivity of Pbs
at 2. The spectroscopic responses were used to the determination
of the enzyme activity. The mfluence of ketones on «-glucosidase
catalysis was expressed as the net increment of enzyme activity
(fmol/ml/sec) or increment rates (%).

RESULTS AND DISCUSSION

a-Glucosidase sample from yeast acts positively on p-nitro-
phenyl-e-D-glucopyranoside to generate a yellow reaction product,
p-nitrophenol, when incubated in a reaction system at 37°C for
i-2 min. p-Nitrophenol thus liberated enzymatically could be
detected directly by the spectrophotometric monitoring. The
influence of test ketones on the enzyme activity was registered
by following the absorbance changes at AA 400 nm during the
period of the incubation. Fig. 1 A-F shows the activity profiles
of a-glucosidase towards p-nitrophenyl-a-D-glucopyranoside in the
presence or absence of ketones at each 0.0039 (v/v) level. In
all cases, glucosidase activity in ketone containing systems is
more prominent than those of no ketone fed control. Some diffe-
rences in the data from ketone fed batches are clear. Specific
activities of the enzyme observed under ketone co-existence are
listed in Table 1. Methyl ethyl ketone acts on glucosidase most
promotingly (9.1% increase). Diethyl ketone follows this with
an, increment rate of 6.1, then dimethyl ketone and methyl
vinyl ketone come next (both 5.3% increase). The efficacities
of adipic and dibenzyl ketones decrease further (both 3.8 9
increase). In average, 1.1-fold increase in the activity is brought
by the ketone feeding under the condition of the present study.

This study provides additional new findings, indicating that
diluted ketones affect the catalytic activity of «-glucosidase acce-
leratingly. The data clearly show not only dimethyl ketone
tacetone), but also other ketones are potential promotors for
glucosidase activities, although discrepancies are obvious in the
promotion capacities among ketones tested. These are indicative
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Fig. 1. — Time-dependence on the increment of az-glucosidase activity by
ketones. Each incubation was carried out in a Hitachi spectrophotometer at
37*C for 1-2 min in the presence of 0.0083% (v/v) ketones, in addition to
the presence of 0.4 wmol p-nitrophenyl-s-D-glucopyranoside and 50 mM phos-
phate buffer, pH 6.8 (3 ml). Reactions were initiated just after addition of
0.2 units z-glucosidase. A. Dimethyl ketone, B. Methyl ethyl ketone, C. Diethyl
ketone, D. Methyl vinyl ketone, E. Adipic ketone, F. Dibenzyl ketone.
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TABLE 1
Effect of ketones on a-glucosidase activity
Produet yield ! Activity increment

Ketone (fmel p-nitrophenol/ml/sec) (%)

Control 132 == 0.275 100
Dimethyl ketone 139 £ 0.667 105.3
Methyl ethyl ketone 3 144 -+ 2.502 109.1
Diethyl ketone 140 == 0.398 106.1
Methyl vinyl ketone 139 £ 1.927 105.3
Adipic ketone 137 + 2.899 103.8
Dibenzyl ketone 137 =+ 3.654 103.8

! Data from three repetitions.

of the possibility that molecular forms of ketones are closely
related to the glucosidase activity elevation. At present, the
mechanism through which the activity increment oceurs by ketone
supply is not known. '

There is a well-recognized reaction in chemical processes to
proceed readily. 'When acetone/sugar mixtures are incubated in
acid solutions, acetone binds dehydrolatingly with sugars through
the mechanism of di-O-isopropyridene derivative formation. Thus,
stable acetone/sugar complexes are produced chemically. Perhaps,
in part, similar process may operate in the promotion of gluco-
sidase activities by ketones: hydrolytically liberated glucose is
bound with ketones and ketone/glucose complexes once appeared,
product inhibition of a-glucosidase is removed, then further
hydrolysis of p-nitrophenyl-o-D-glucopyranoside advances. Of
course, this does not imply to rule out the direct contribution
of ketones. To reveal the interesting mechanism, successive studies
are absolutely important. Experimental data from the systematic
works alone will bring the secret process of the ketone accela-
ration to light.
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ABSTRACT

Data are provided on the phcnology of the flowering and other pheno-
phases of three taxons [Cwytisus multiflorus (L'Hér.) Sweet, Cytisus scoparius
(L.} Link and Genista hystriz Lge.] which form part of the Genisto hystricis-
Cytisetum multiflori shrubland of the dehesa in Salamanca (Spain). These
species follow a seasonal flowering pattern characteristic of Mediterranean
shrubs. The degree of overlapping and the relationship of the different phe-
nophases with temperature are also analysed. During these two years the
activity of these species began when the average monthly temperature
exceeded 7.5°C and ended when it exceeded 21.5°C.

Key words: Phenology, C. multiflorus, C. scoparius, G. hystriz, dehesa,
Salamanca.

Hl. — INTRODUCTION

The type of exploitation in dehesa and dehesa-like land is
a complex biotic continental Mediterranean region. In the pro-
vince of Salamanca, the dehesa, as a system of agricultural exploi-
tation, comprises 23,73 % of the whole in the Iberian Peninsula and
acquires particular characteristics due to its geographical location
(SW of the High Plateau) and the edapho-climatic factors which
condition the existence of an ecosystem in which Quercus rotun-
difolia Lam. is predominant (BALCELLS, 1977).

[309]
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It has been confirmed that the dehesas are being populated
by underbrush, i. e. the shrubland is advancing alarmingly,
occupying areas where pastureland was predominant.

Our objective is to find out the degree of invasion of shrubs
of Genisto hystricis-Cytisetum multiflori Rivas Martinez in Rivas
Martinez et al., 1984 in a dehesa in the province of Salamanca
(«El Campillo»). In order to achieve this aim we consider it
necessary to study the phenological behaviour of the species pre-
dominant in that shrubland [Cytisus multiflorus (L'Hér) Sweer,
Cytisus scoparius L. Link and Genista hystriz Lge.].

In these species, aspects related to their vegetative growth,
flowering and fruit-bearing will be studied; we know of no similar
studies on Genistea in the Iberian Peninsula. ORSHAN (1989)
studied these aspects in C. scoparius, C. villosus Pourret, G. scor-
pius (L.) DC. and in @. pilosa L. in the south of France.

In the Iberian Peninsula the main studies on phenology known
to us are those of MoreENO (1984), DEVESA et al. (1985), HERRERA,
J. (1986, 1987), ArroYO (1988), HERRERA, C. M. (1984, 1988) and
JorDANO (1990) who studied shrublands in the south of Spain.
GurTiaN et al. (1990) have also worked on these aspects in
shrublands in the Bierzo, in the north-west of Spain.

H2. — STUDY AREA AND METHODOLOGY

In order to carry out this study we established a unit of
study, a unit of time and the correspondence between biotic and
abiotic events and the months of the year.

Our study area was a one-hectare plot on the «El Campillo»
ranch (40° 59" N, 2° 23’ W), in the province of Salamanca, muni-
cipal district of Sando, 841 m above sea level. The plot was fenced
off in order to avoid any type of aggression and was divided
into 10 m-square sub-plots for better control of the specimens
under study. From a geological point of view it is included in
the southern part of the Sayago-Ledesma-Vitigudino ecrystalline
batholith, Salamanca-Zamora segment of the Herpestic Massif.
The characteristics of the soil correspond to those of distric
cambisol. The content of phosphorous and calcium in this soil
is low, and that of potassium somewhat higher. The richness in
nitrogen is variable, although it tends to be low, resulting in poor
soil. The texture is sandy with a predominance of coarse sand,
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drainage is rapid and depth varies, generally from shallow to
medium (ESCUDERO BERIAN, 1983).

The bioclimatic characteristics of «El Campillo» were deter-
mined by datat facilitated by the Instituto Metereologico Zonal
of Valladolid taken at the metereological stations closest to the
ranch (N > 24 years), and also by data collected during 1990
and 1991 in a metereological box installed on the ranch itself.

The mean annual precipitation is 505 mm, the dry period
being June, July and August. The mean monthly temperatures
of the coldest month (December) and the hottest month (July)
are 2.8° C and 21.5° C, respectively. In accordance with these data
and in the line of Rivas MARTINEZ (1987), our study area was
situated on the lower level of the supra-Mediterranean floor with
dry ombroclimate and cold winters. From a biogeographical point
of view it is included in the Salamanca sector.

In order to carry out the phenomorphological observations
we visited the study area during the period between March 1990
and July 1991 every one or two weeks up to a total of 54 times.
We carefully observed all the specimens on the plot, marking at
random 23 of C. multiflorus, 21 of G. hystriz and 22 of C. scopa-
rius, which were all the species on the plot. During the two years
we carried out observations in the same area and on the same
specimens.

In order to describe the organs and phenophases of the plants
we used the terminology of ORSHAN et al. (1989).

The overlapping of flowering was calculated according to
the method proposed by PRIMACK (1980).

Three phases were considered for the study of the phenology
of flowering: initial, maximum and final.

H3. — RESULTS AND DISCUSSION

C. multiflorus

Budding takes place in March. The dolichoblasts begin to
grow during the first days of May, and the majority branch,
an occurrence which takes place between the end of May and
the beginning of June.

The leaves develop in April, begin to droop in June and by
the end of July they have already fallen.
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In 1990 flowering began at the end of March in two of the
specimens marked (8.699). During the first week in April the
maximum of specimens in flower was reached, only six, which
represents 26.08 % ; of these only four bore fruit — although with
a very low number of legumes — during the period between the
last week in April and the first two weeks in May. Dehiscence
of the legumes took place at the end of July. 73.919 of the
specimens monitored did not flower that year.

In 1991 flowering began later (the last week in April) and
in greater proportion than the year before (40.9%). All the
specimens had flowered by the middle of May. Fruit-bearing, which
exceeded 50 9%, began in mid May and the maximum was reached
in the last week in June. Dehiscence took place in the month
of July (Figs. 1 and 2).

The high temperatures reached in February and in the first
twenty days of March in 1990 (up to 22.5°C) led to premature
initial flowering of C. multiflorus; the generalized frosts at the
end of March (reaching —3.5°C) and occasional frosts in April
explain the general failure of this species to flower and bear fruit
that year.

S. scoparius

Budding becomes visible at the beginning of March. The
dolichoblasts begin to grow in mid May and generally branch
some thirty days after the beginning of growth. These young
branches may remain as assimilating shoots for two years.

The leaves appear in April, begin to droop in June, and by
July they have disappeared from the plant.

In 1990 flowering began in mid May in 40 % of the specimens
and a week later maximum flowering was reached (all the
specimens were in flower). The beginning of fruit-bearing coin-
cided with the period of maximum flowering and lasted until the
second fortnight in June. The percentage of fruit-bearing rea-
ched 56.56 %.

In 1991 the periods for the beginning of flowering, maximum
flowering and fruit-bearing coincided with those of 1990 although
the percentages reached did not, being 4,5%, 9% and 4.34 %,
respectively (Figs. 1 and 2).
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The low temperatures recorded in May 1991 (- 2.0° C) explain
the low yield in flowering and thus in fruit-bearing of this species
that year. :

G. hystrix

At the beginning of March vegetative growth starts with
budding. The leaves appear at the beginning of April, begin to
droop at the end of June and disappear completely at the end
of July. Growth of the dolichoblasts begins in May and ends in
the third week in June.

In 1990 the first flower buds appeared during the second
two weeks of March and flowering began in mid May in 6.52 %
of the specimens; maximum flowering was reached at the end
of that month in 100 % of the specimens, and this phenophase
concluded at the end of June. Fruit-bearing began at the end
of May, coinciding with maximum flowering; an optimum level
of fruit-bearing (all the specimens produced a high number of
legumes) was reached during the last week in June. Dehiscence
began a month later (at the end of July).

In 1991 there was a slight delay in flowering with respect
to the previous year. It began at the end of May in 10.80 % of
the specimens and reached its maximum two weeks later (100 %) ;
this phenophase concluded at the end of June. Fruit-bearing began
in mid June coinciding with maximum flowering; this period
concluded at the end of July, coinciding with the beginning of
dehiscence, The same as in 1990, G. hystriz showed an optimum
level of fruit-bearing (Figs. 1 and 2).

These three species, as regards the phenology of flowering,
follow the seasonal pattern of spring flowering characteristic of
Mediterranean shrubs (HERRERA, 1986). The strong seasonality
of flowering in these species, concentrated in spring, is characte-
ristic of areas of medium altitude with accentuated continentality
(ArrOYO, 1988a).

In order to estimate the degree of synchrony of the flowering
of the different taxons in the community, we calculated the over-
lapping of their flowering. In 1990 the greatest overlapping
occurred between C. scoparius and G. hystriz, with a value of
0.75 (very close to 1, maximum value reached when overlapping
is total). During that same year the overlapping value between
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the other species (C. multiflorus-C. scoparius and G. hystrix-
C. multiflorus) was 0. In 1991, on the one hand €. multiflorus
and C. scoparius, and on the other hand, C. scoparius and G. hystriz
showed overlapping, although the degree in which this occurred
was minimum (0.14 and 0.2 respectively).

The mean overlapping observed in our study area was 0.12
in 1990 and 0.06 in 1991, from which it can be deduced that the
flowering of the three species scarcely coincides.

We consider it of interest to relate the phenophases corres-
ponding to the vegetative and the generative periods.

C. multiflorus and C. scoparius show a common behaviour
pattern in which the vegetative phase precedes the generative
phase, although in C. multiflorus the generative period is earlier
and more prolonged than in C. scoparius. This pattern coincides
with the one observed by FLORET et al. (In ORSHAN, 1989) in
C. scoparius and C. villosus in populations in the south of France.

G. hystrix has a behaviour pattern similar to that of the
Cytisus species studied, although it is different in that the dura-
tion of the development of the dolichoblast is shorter, the end
of its growth coinciding with the period of maximum fruit-bearing.
This pattern does not coincide with the one observed by FLORET
et al. (1. e.) for G. scorpius and G. pilosa in populations in the
south of France.

Rivas MARTINEZ et al., 1984, point out that a notable increase
1s evident in the biomass on the supra-Mediterranean floor of the
Mediterranean region when the mean temperature is above 7.5¢ C.

The relationship between the different phenophases and the
temperatures recorded in the metereological box installed on the
ranch itself are given in Tables 1 and 2 (Figures 3 and 4). From
the analysis of these data it is deduced that, in the species we
have studied, growth begins exactly when the mean monthly
temperature exceeds 7.5°C and in general, concludes when this
temperature is above 21.5°C, thus their vegetal activity period
(VAP) extends from March to August and coincides with that
of other plants in these latitudes (RivAs MARTINEZ 1. c.); the
phenological phases of these species develop when the precipita-
tion values are low (Tables 1 and 2) (Figures 3 and 4).

Of the three species studied, G. hystrixr shows the latest
flowering, which is massive, with a high number of flowers and
an optimum percentage of fruit-bearing, from which we can deduce
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that this endemic Iberian orensano-sanabriense is the one which
shows the greatest capacity to reproduce sexually, thus explaining
its higher invasion speed (Caro, 1992).

In C. multiflorus and C. scoparius the capacity to reproduce
sexually is limited and their expansion is, in short term, due
to vegetative means by subterranean structures.

No marked differences have been found as to the phenology
of growth. The three species have leaves as mutable assimilating
organs and dolichoblasts as the only form of vegetative growth.

In the three taxons, leaves appear on the new branches and
on the year-old ones, remaining on the plant for less than twelve
months; moreover, they are completely deciduous, an uncommon
characteristic in the Mediterranean climate, although, as has
been pointed out in other studies (ArrRoyo, 1988), the effect of
continentality may be the cause of this.

ACENOWLEDGEMENT

This study was carried out as part of the project <«El
matorral como invasor de la dehesa salmantina» financed by
the I. N. I. A. of Salamanca, 1989-1992.

REFERENCES

ARROYO, J.

1988a Fenologia de la floracién en especies del matorral del sur de Espafia.
Lagascalia (Extra): 593-606.

1988b Atributos florales ¥ fenologia de la floracién en matorrales del sur
de Espafia. Lagascalia, 15(1): 43-T8.

BaLceELLS, E.

1977 Predmbulo al primer fasciculo de «Estudio integrado y multidisci-

plinario de la dehesa salmantinas. I. Fasc.: 5-8. Salamanca-Jaca.
Caro DOMINGUEZ, F.

1992 Fenomorfologia, reproduccién y dinamismo de la vegetacién de la
dehesa El Campillo. Tesina de Licenciatura. Facultad de Biologia.
Universidad de Salamanca.

DEVESA, J. A. & al.

1985 Contribucién al conocimiento de la bioclogia floral del género Lavan-

dula L. Anales Jard. Bot. Madrid, 42: 165-186.
ESCUDERO BERIAN, A.

1983 Transferencias de nutrientes minerales desde el estrato arbéreo en
el monte adehesado (ecosistemas de pastizales semidridos). Tesis
Doctoral. Depto. Ecologia. Facultad de Biologia. Universidad de
Salamanca.



316 F. Dominguez, M.” Sanchez-Anta, F. G. Martin £ F. N. Andres

GUITIAN, J. & GUITIAN, P.

1990 Fenoclogia de la floracién y fructificacion en plantas de un espinal
del Bierzo (Ledén, North-west Spain). Anales Jard. Bot. Madrid,
48(1): 53-61.

HERRERA, C. M.

1984 A study of avian frugivores bird-dispersed plants and their interaction
in Mediterranean shrublands. Ecol. Monogr., 54: 1-23.

1988 The fruiting ecology of Osyris quadripartifa individual variation and
evolutionary potential. Ecology, 69: 233-249.

HERRERA, J.

1286 Flowering and fruiting phenology in the coastal shrubland of
Dofiana, south Spain. Vegefatio, 68: 91-985.

198Ta Flower and fruit biology in southern Spanish Mediterranean shru-
blands. Ann. Missowri Bot. Bard., T4: 69-T8,

1987b Biologia reproductiva del matorral de Dofiana. Anales Jard. Bot.
Madrid, 44(2): 483-497.

JorpaNo, P.

1990 Biologia de la reproduccién de tres especies del género Lonicera
(Caprifoliaceae) en la Sierra de Cazorla. Anales Jard. Bot. Madrid,
48(1): 31-52.

LieTH, H.

1974 Phenology and Seasonality Modeling. Chapman & Hall Limited

London. Springer-Verlag Berlin. Heidelberg. New York. 444 pp.
MORENG, J. M.

1984 Estudios ecolbgices jarales: variacién anual de algunos factores
del entorno y manifestaciones fenolégicas. Fundacién J. March, Ser.
Universitaria 180.

ORSHAN, G.

1989 (Edit). Plant Pheno-morphological studies in Mediterranean type

ecosystems. Geobotany 12. 403 pp.
PRIMACK, R. B.

1980 Variation in the phenclogy of natural populations of montane shrubs
in New Zealand. J. Ecol., 68: 849-862.

RIVAS-MARTINEZ, S.; DIAZ CoNzALEZ, T. E.; FERNANDEZ PRIETO, J. A,: LOIDI,
J.; PENAS MERINO, A.

1984 La vegetacién de la alta montafia cantibrica. Los picos de Europa.

Ed. Leonesas. Lefn, 295 pp.
RIVAS-MARTINEZ, S.

1287 Nociones sobre fitosociologia, biogeografia y bioclimatologia. 19-47T.
In: La vegetacién de Espafia. RIVAS-MARTINEZ, S. & PEINADO LOPEZ,
M. (Edits.).




Rol. Soc. Brot., Sér. 2, 66: 317-321 (1994):

NUMEROS CROMOSSOMICOS
PARA A FLORA PORTUGUESA. 128-138

por

MARGARIDA QUEIR(S
Departamento de Botanica da Universidade de Coimbra

Recebido em 9-5-94.

128. Nigella damascena L.
Numero cromossomico; 2n = 12.

Material: Estremadura, Monsanto. N.° 4863 (cor1). N. d.*. Det.
M. Queirds,

Observagdes: A nossa contagem confirma as nossas observa-
coes anteriores (QUEIRGS, 1990) referentes a plantas portuguesas,
embora de uma outra localidade do pais.

BIBLIOGRAFIA:

QUEIRHS, M. 1990 — Notas cariolégicas em algumas Ranunculaceae por-
tuguesas. Coll. Bot. 18: 45-57.

129. Delphinium pentagynum Lam.

Numero cromossomico: 2n = 16.

Material: Estremadura, Serra de Monsanto. N.° 5097 (co1).
N. d. Det. M. Queirés.

Observagées: O nimero cromossémico encontrado estd de
de acordo com as nossas contagens anteriores (QUEIRGsS, 1990,
op. cit.) em individuos colhidos em outra localidade portuguesa.

! N. d. Nio datado.

[=1]
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130. Delphinium halteratum Sm. subsp. verdunense (Balbis)
Graebner & Graebner

Numero cromossdmico: 2n = 16.

Material: Beira Alta, estrada Celorico-Guarda, a 12km da
Guarda. N.° 5632 (cor). 7.9.1991. Det. M. Queirés.

Observagdes: Confirmamos os resultados que registimos em
1990 (op. cit.), em individuos de uma outra localidade do pafs.

131. Clematis campaniflora Brot.
Nimero cromossémico: 2n = 16.

Material: Estremadura, Jardim Botinico de Lisboa. N.° 4859
(cor). N. d. Det. M. Queirés.

Observagdes: Confirmamos o niimero cromossémico determi-
nado por nés em 1990 (op. cit.) em plantas de uma outra loca-
lidade de Portugal.

132. Ranunculus ficaria L. subsp. bulbifer Lambinon

Numero cromossémico: 2n = 24 (fig. 1); 2n = 32 (fig. 2).

Material: Beira Litoral, Sao Paulo de Frades, arredores de
Coimbra. N.» 3351 (cor). 10.12.1969. Det. M. Queirds; Algarve,
Monchique, Ribeira de Pisdes. N.° 2235 (cor). 22.4.1968. Det.
M. Queirds.

Observagoes: Os nimeros cromossémicos encontrados estdo
de acordo com as observagbes de diversos autores entre os quais
citamos NEVES (1942, 1944) cujos estudos se referem a plantas
portuguesas dipléides, tripléides e tetraplbides de outras locali-
dades do pais. O autor estabelece as guarnicies cromossémicas
das formas 2n = 16, 2n = 24 e 2n = 32,

BIBLIOGRAFTIA:

NEVES, J. DE B. 1942 — Sobre a cariologia de Ranunculus ficaria L. Bol.
Sec. Brot., sér. 2, 16: 169-181.

—— 1944 — Contribui¢iio para o estudo cdrio-sistemitico das espécies
portuguesas do género Ranunculus L. Diss. Univ. Coimbra, 200 p.
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133. Ranunculus flammula L.
Niimero cromossémico: 2n = 32 (fig. 3).

Material: Douro Litoral, Vila Nova de Gaia, Miramar. N.° 2357
(cor). 21.8.1967. Det. M. Queirés.

Observagdes: Sao numerosos os autores que estudaram esta
espécie com resultados sempre concordantes. NEVES (1944, op. cit.;
1945) determinou o mesmo niimero cromossémico (2n = 32) em
individuos de varias localidades portuguesas. Os nossos resultados
concordam com as contagens anteriores referentes a uma outra
iocalidade de Portugal.

BIBLIOGRAFIA:
NEVES, J. DE B. 1945 — Sur l'origine de Ranunculus dichotomiflorus Lag.

Bol. Soc. Brot., sér. 2, 19: T29-T52.

134. Ranunculus repens L.
Nimero cromossomico: 2n = 32,

Material: Douro Litoral, Valongo, Carvoeira. N.© 4033 (co1).
N. d. Det. M. Queirés; Beira Litoral, entre An¢d e Portunhos.
N.° 3433 (co1). 25.2.1970. Det. M. Queirds.

Observagdoes: O niimero cromossémico encontrado coincide
com o indicado nas nossas observacdes anteriores (QUEIRGS, 1990,
op. cit.) referentes a plantas portuguesas, embora de outras
localidades.

135. Ranunculus bulbosus L. subsp. aleae (Willk.) Rouy & Fouc.
var. adscendens (Brot.) Pinto da Silva

Niumero cromossomico: 2n = 16.

Material: Baixo Alentejo, Santa Margarida da Serra. N.° 5101
(cor). N. d. Det. M. Queiréds.

Observagées: Em 1990 (op. cit.), determinimos para este
taxon 2n = 16. Confirmamos, assim, as nossas contagens ante-
riores em individuos de uma outra localidade do pais.
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136. Ranunculus trilobus Desf.

Niimero cromossémico: 2n = 48 (fig. 4).

Material: Estremadura, Oeiras. N.° 3832 (cor). 25.6.1968.
Det. M. Queirds; Baixo Alentejo, Monte dos Alhos. N.° 5103 (co1).
N. d. Det. M. Queirés.

Observagoes: Confirmamos os resultados registados por NEVES
(1944, op. cit.) em individuos de numerosas localidades portu-
guesas das regides norte e centro sob a designacdo de R. sardous
Crtz. O material utilizado nesse estudo comporta, segundo o autor,
a representacdo das trés sub-espécies incluidas na «Flora de
Portugal» de PEREIRA COUTINHO (1939): subsp. genuinus, xatartii
(Lap.) Rouy et Fouc. e tfrilobus (Desf.).

BIBLIOGRAFIA:

PEREIRA COUTINHO, A. X. 1939 — Flora de Portugal, 1.* e 2.* ed. Lisboa.

137. Aquilegia wvulgaris L. subsp. dichroa (Freyn) T. E. Diaz

Numero eromossomico: 2n = 14.

Material: Beira Litoral, Bucaco. N.© 3330 (cor). 1.8.1969.
Det. M. Queirés.

Observagoes: Confirmamos o resultado das nossas observa-
coes anteriores (QUEIRGS, 1990, op. cit.), agora numa populacio
de uma outra localidade portuguesa.

138. Paeonia broteroi Boiss. & Reut.

Numero cromossémico: 2n = 10 (fig. 5).

Material: Beira Litoral, Souselas. N.° 1817 (cor). 20.3.1968.
Det. M. Queirds.

Observagdes: O naGmero cromossémico encontrado esta de
acordo com as observacbes anteriores (FERNANDES & QUEIRGS,
1971), referentes a exemplares portugueses, embora de uma outra
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localidade. Nao nos foi possivel encontrar quatro pares de cro-
mossomas satelitiferos observados entdo em individuos de popu-
lacdes de Monchique.

BIBLIOGRAFIA:

FERNANDES, A. & QUEIROS, M. 1971 — Sur la caryologie de gquelques
plantes récoltées pendant la IIIéme Réunion de Botanique Pénin-
sulaire. Mem. Soc. Brof, 21: 343-385,
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INFLUENCE OF NITROGEN NUTRITION
ON CHLOROPLAST STRUCTURE, RuBisCo
AND PEP-Case FROM CORN

ARLETE SANTOS, ISABEL SANTOS, J. M. ALMEIDA

and R. SALEMA
Institute of Botany and Centre of Experimental Cytology, University of Porto,
R. Campo Alegre, 823, P-4100 Porto, Portugal

Received, 17-VI-9).

SUMMARY

From corn seedlings grown under three different nitrogen nutritional
conditions (N, N/5, N/10) samples from the 2nd leaves were harvested
at day 2, 7 and 28, at which time also fully matured 6th leaves were used.
The general development of the plants, as well as the thickness of their
leaves, was reduced in parallel with the lowering of the nitrogen level
Chloroplasts of mesophyll cells were already well developed by day 2, with
no significant differences among the three groups; in bundle sheath cells,
chloroplasts of N/10 showed higher number of rudimentary grana. By day 28
some symptoms of senescence were already noticed on N/10 plants, with
disorganization of grana; more starch was deposited in N/5 and N/10.

Proteins and chlorophyll, in general, lowered in parallel with the
nitrogen supply. RuBisCo and PEP-Case were found to be dependent on
the nitrogen level with the highest level of activity of both enzymes always
found in N plants. Different ways to express enzyme activity and their
influence on the interpretation of the results are discussed. The data obtained
pointed out the inadequacy of the N/10 level of nitrogen nutrition, the
barely acceptable N/5 level and good vegetative growth promoted by
N nutrition.

INTRODUCTION

ATZE, as a C, plant, possesses two types of photosynthetic
cells (mesophyll and bundle sheath cells) associated with
dimorphic chloroplasts (LaerscH, 1974), which functionally
cooperate in the multi-step pathways of CO, assimilation. In
mesophyll cells the photosynthetic membranes are organized like
their counterparts in C, plants, i. e, with grana and stroma

[3a3]
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thylakoids. In the chloroplasts of the bundle sheath cells grana
are rudimentary or even absent. Ultrastructural studies concer-
ning chloroplast ontogeny in Zea mays (BRANGEON, 1973; Kir-
CHANSKI, 1975) indicate that young bundle sheath chloroplasts
at first develop grana which are progressively reduced during
maturation of the leaf tissue.

Nitrogen is the most important mineral element for plant
growth and a strong positive correlation between nitrogen nutrition
and plant productivity has been ascertained. It is well known
that the level of photosynthetic CO, fixation is dependent on the
chloroplast activity which eventually conditions plant produectivity.
Since Zea mays is one of the most important cereal crops, the
aim of the present work was to study the effects of the different
nitrogen nutrition levels on the maturation of the chloroplasts,
on protein and chlorophyll contents, on PEP-case and RuBisCo
activity and on the general growth of this plant.

MATERIALS AND METHODS

Plant material and growth conditions

Caryopsis of Zea mays L. cv. LG 12 were sown in pots con-
taining a mixture of vermiculite-quartz sand which had been
previously saturated with distilled water; three groups were
made and one of them was, henceforth, watered with Hoagland’s
solution (HoAGLAND and ARNON, 1950) containing, besides other
ions, 14.47 mM of NO,- and 1.04 mM of NH,* (N group), other
set watered with a similar solution but modified in order to
have the nitrogen concentration reduced to one fifth (N/5 group)
and the third group (N/10 group) received a solution with nitrogen
ions reduced to one tenth. All of them were kept in controlled
environment cabinets at darkness. After the emergence of the
first leaf through the ruptured coleoptile, the seedlings were
transferred into a light/dark regime with 13 h of photoperiod
of a photon flux density of 700 uE m-2 s-1,

After 2, T and 28 days of growth under this regime, second
leaves were harvested for ultrastructural study and biochemical
determinations. The sixth fully expanded leaves from plants
28 days old were also used for ultrastructural and biochemical
studies.
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Transmission electron microscopy

For TEM, samples were collected, always at the same distance
from the apical region of the leaf. All samples were fixed in 4 %
glutaraldehyde in 1.259% PIPES buffer pH 7.2 (SALEMA and
BraNDAO, 1973), left for 2h at room temperature and then for
12h at 4°C. Washing in the same buffer was followed by a
post-fixation in 2% OsOs in 1.259% PIPES buffer pH 7.2 for
2 hrs at room temperature. Afterwards, the material was rou-
tinely embedded in Epon 812.

Pigment extraction and quantification

Known amounts of leaf material were carefully homogenized
in 80% acetone with 1% v/v of 25% ammonia solution and
chlorophyll determined as described by HopgINS and VAN HUYSTEE
(1986).

Protein quantification

Leaf material was homogenized in NaOH 1M; after dilution
to 0.1M, protein quantification was determined by the method
of BRADFORD (1976).

Enzyme extraction

PEP-Case (phosphoenolpyruvate carboxylase; EC 4.1.1.31)
was extracted as described by ArNozis et al. (1988), plus 1%
(w/v) polyvinylpyrrolidone. RuBisCo (ribulose-1,5-bisphosphate
carboxylase; EC 4.1.1.39) was extracted in media described by
SUzUKI et al. (1987), plus 20 mM Na.S.0, (PERCHOROWICZ et al.,
1982), 10 mM NaHCO,, 40 mM phenylmethylsulfonyl fluoride and
1% (w/v) polyvinylpyrrolidone. For RuBisCo determination, the
homogenate was centrifuged at 10000 g and 21-22°C for 90 s.
In both cases the supernatants were used for the respective assays.

Enzyme assays

All measurements were done by following the change in
absorbance of NADH at 340 nm at 25° C. PEP-Case assay was
performed using the method of ArnNozIS et al. (1988). In the
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assay, 10 U malate dehydrogenase were used according to J1ao
and CHoLLET (1988). For RuBisCo, the activation of the enzyme
was done according to DELANEY and WALKER (1978) and the
quantification according to LiLLEY and WALKER (1974) but with
0.21 mM NADH, 7.6U of phosphoglycerate kinase, 10 mM NaHCO,
and 0.5 pmoles of 5-ribose phosphate. The activity of the enzymes
was assayed in, at least, six different plants.

Stereological analysis

Stereological measurements were done according to WiLLIAMS
(1977). A random sampling of chloroplasts profiles was obtained
and enlarged to a final magnification of 7000 X. Fractional volume
(Vv) of starch/chlorvoplast were estimated using a 0.5 cm square
lattice and calculating the frequency of point hits on starch
and plastids.

RESULTS

The growth of the plants was reduced when the nitrogen
supply was diminished. Fig. 1, Plate I clearly illustrates that the
seedlings after 2 days under light/dark conditions are more
developed in group N and much less in group N/10. Indeed, not
only the height of the seedlings was affected but the thickness
of their leaves as well. In these plants leaf thickness was 0.12 mm,
011 mm and 0.10 mm respectively in groups N, N/5 and N/10.
From day 2 to day T further development of leaves occurred in
all groups and their thickness was kept different, albeit by a
smaller value (N =0.13mm; N/5 = 0.12mm; N/10 = 0.11 mm).

Ultrastructural observations of leaves from seedlings grown
for 2 days, showed plastids already fairly differentiated but the
organization of the lamellar system did not differ significantly
between the 3 groups.

After T days of growth the mesophyll chloroplasts of all
3 groups had a well differentiated membrane system, with
increased number of compartments in their grana, a situation
which was particularly notorious in N/10 material (Pl I,
figs. 2a, b) ; plastoglobuli also increased in number and size from
day 2 to day 7 but with no noticeable differences between

the groups.
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A concurrent differentiation was also observed in bundle
sheath chloroplasts; their profiles showed an elongated ellipsoidal
shape, containing single thylakoids which extend through the
entire length of the plastid and only very few rudimentary
grana, with two or three adpressed thylakoids, as can be exem-
plified by plastids from N group (PL I, fig. 3a). These rudimen-
tary grana were observed in the three groups of plants but a
careful secreening in varieus chloroplast profiles showed that
they were more frequent in N/10 group (Pl I, fig. 3b); occasio-
nally, eight thylakoids became adpressed and organized in a
granum.

The effect of the nitrogen nutrition was also studied in the
second leaves after 28 days of growth. By this time leaves dis-
played visual symptoms of senescence, more prominent in the
N/10 group and less so in the N material (PLII, fig. 4a). Ultras-
tructurally the most significant alteration, in comparison with
leaves collected after 7 days (Pl I, fig. 2a), was the increased
size of plastoglobuli in the chloroplasts from all groups of plants.
Mesophyll chloroplasts from N/10 plants (PL II, fig. 4b) showed
a certain degree of disorganization of the membrane system with
no defined grana, in contrast to chloroplasts from N and N/5
material. By contrast, chloroplasts in bundle sheath cells had
grana with some adpressed thylakoids persisting.

Since after 28 days the second leaf showed morphological
and ultrastructural symptoms of senescence in N/10 material, a
much younger leaf (the 6th) was chosen, which still had a typical
organization of chloroplasts, in both mesophyll and bundle sheath
cells, the latter with abundant starch (Pl II, figs. 5a,b); the
starch content was significantly higher in plants grown under
lower nitrogen supply conditions (N/5 and N/10). In faect, the
stereological analysis of the fractional volume starch/chloroplast
showed a 3 fold and a 4 fold increase of starch in N/5 and N/10
chloroplasts, respectively, relative to the N group (N plants
Vv=6.59%: N/5 plants Vv=18.039%; N/10 plants Vv=22.96%).

The influence of nitrogen nutrition was also assessed through
the quantification of some biochemical parameters. Since the
size of the leaves and their thickness was affected by the three
nitrogen levels used, the biochemical results were expressed on
a fresh weight basis, per leaf and the activity of the enzymes
on a chlorophyll basis.
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The amount of protein (Table 1) was significantly different
in each plant group after 2, 7 and 28 days when considered on
a per leaf basis; the highest level appeared always in N leaf
and the lowest always in N/10 material. When expressed on a
fresh weight basis the situation appeared different by day 2
since N and N/10 leaves had similar values and N/5 the lowest
one. However, after 7 days, leaves of the N group showed the
highest content and the other two groups had similar wvalues.
At day 28, N and N/5 groups had similar values and the N/10
the lowest one.

Chlorophyll, when expressed on a per leaf basis, always had
the highest values in N leaves, and the lowest in N/10 plants
(Table 1). When the amounts of these pigments are considered
on a fresh weight basis the lowest value appeared in N/10 leaves
and no differences were found between the other two groups
after 2 days. This pattern of variation was reversed after 7 days,
at which time the amount of chlorophyll was similar in N/5
and N/10 and the highest value appeared in N plant group.
After 28 days the N group had the highest content of chlorophyll

TABLE 1

Protein and chlorophyll contents in the second leaf of plants grown

under different nitrogen conditions (N, N/5, N/10). Values are

means = SE. In each line values denoted by different superscripts
are significantly different (P < 0.05)

Days N N/5 N0
Proteins 2 3.17 + 0.28° 2.74 + 0.15" 2.48 + 0.15°
mg /leaf 7 6.50 + 0.45° 5.70 = 0.38" 497 +=0.21°
(n=9) 28 5.80 == 0.41° 416 =+ 0.35" 2,77 = 0.27°
Proteins 2 15.75 + 0.80" 13.96 = 0.05® | 15.03 = 0.97®
mg/g f.w. ¥ 16.82 + 1.01° 14.94 = 0.89® | 1501 = 0.88°
(n=29) 28 8.86 = 0.T1* 8.66 = 0.78° 5.78 == 0.45P
Chlorophyll 2 0.17 = 0.01° 0.11 * 0.01° 0.07 = 0.01°
mg/leaf 7 0.95 = 0.05* 0.69 = 0.05° 0.51 = 0.01°
(n =12) 28 6.48 = 0.68° 471 + 0.56° 2.97 = 0.31°
Chlorophyll 2 0.79 + 0.06 0.78 = 0.05° 0.59 = 0.05"
mg/g f.w. e 2.38 = 0.18° 1.88 =+ 0.15P 1.74 = 0.14b
(n=12) 28 10.11 = 1.00° 8.15 =+ 0.92b 5.46 = 0.71°
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and the very slight difference observed at the day 7 between
N/5 and N/10 appeared now highly increased by an amount of
about 379% (Table 1)

As for as enzyme activities are concerned, the highest value
of RuBisCo (Pl III, fig. 6) was always found in N plants. After 2
and 7 days the activity in N/5 plants was higher then in N/10
ones, whereas at the 28th day these two groups showed similar
values: the described pattern was observed when the RuBisCo
activity was considered on a per leaf basis, as can be seen in
Fig. 6A (PL III). A different relationship among the 3 groups
appeared when the activity was expressed per mg of chlorophyll
(PL. III, fig. 6B). In fact, after 2 and 7 days similar values of
RuBisCo activity for both N and N/5 were found; for N/10 a
higher value appeared at the 2nd day and a lower one at the
Tth day. The activity was similar in all plants after 28 days.
When expressed on a fresh weight basis (Pl III, fig. 6C), no signi-
ficant difference between N and N/10 was quantified for RuBisCo
activity after 2 days; the value was higher than in N/5 material.
The activity attained close values in all groups after 7 days
and after 28 days increased by about 59 % in the N leaves which
had the highest level and the other two groups had similar values.

The highest activity for the PEP-Case was always found in
N leaves whatever the reference to express it; on a per leaf basis
(PL. III, fig. TA) similar values appeared in the other two plant
groups at day 2 whereas by the 7th day N/5 plants possessed a
higher activity than N/10 plants. After 28 days the relationship
btween these 2 groups (N/5 and N/10) was reversed. Considering
the activity per mg of chlorophyll (PL III, fig. 7B), no differences
between the plants of groups N/5 and N/10 were found, after 2,
7 and 28 days. However, as can be seen in Fig. 7C (Pl III) when
the activity was considered on a fresh weight basis the N/10
group had the highest value. The activity of RuBisCo and PEP-
Case were also determined in the sixth leaves (Table 2). The
former enzyme showed no differences in the 3 groups when
activity was expressed in terms of chlorophyll. On a fresh weight
basis, the values decreased from N to N/5 to N/10 leaves, with
no significant differences between the latter two. Relating the
activity to the leaf area, the figures showed the lowest value
in N/10 group.
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TABLE 2

RuBisCo and PEP-Case aclivities from 6th leaves of maize plants
grown during 28 days at N, N/6 and N/10 conditions. Values are
means = SE. In each column values denoted by different superscripts

are significantly different (P < 0.05)

RuBisCo nkat/mg chlorephyll nkatlg f. w, J nkat/em?
N 361 x048° | 1475+131* | 0.315 =+ 0.03°
N/5 3.26 = 0.35° 12.81 =140 |  0.296 = 0.02*
N/10 3.46 = 0.31° 1191 =+ 1.08° 0.244 =+ 0.02°
PEP-Case nkat/mg chlorophyll nkat/g f. w. | nkat/fem?
N 56.16 = 6.0° 176.60 = 20.50° | 451 + 0.51%
N/5 29.84 = 3,12b 99.43 + 12.75% 2.45 + 0.31°
N/10 36.43 = 8.10° 99.50 = 11.22b 2.45 =+ .27

When the activity of PEP-Case was expressed in terms of
chlorophyll the highest value was found in N leaf, the next in
N/10 and the lowest in N/5. On a fresh weight basis similar
values for N/5 and N/10 plants were obtained although these
were exceeded by the N plants by some 779%. When expressing
PEP-Case activity on an area basis, the former relationship was
maintained, N/5 and N/10 with similar values and N with a
value 84 ¢ higher.

DISCUSSION

The data obtained with the present work showed that the
three levels of nitrogen assayed did not impede the structural
development of chloroplasts but, nevertheless, did interfere with
the acquisition of their functionality as reflected by the inter-
ference with chlorophyll and protein levels as well as with activity
of RuBisCo and PEP-Case. It was reported by LAWLOR et al. (19588,
1989) for wheat that nitrogen deficiency decreased the size of
leaves and slowed growth, however in a lesser manner than protein
synthesis. In our study Zea mays behaved similarly in what
concerns plant growth and the size of leaves. Leaf size, reflected
in leaf weight, was more affected than the level of proteins which
appeared different in each plant group only when expressed on
a per leaf basis, although these differences were less pronounced
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than those found for leaf weight itself (SAnToS et al., 1992).
Protein level on a fresh weight basis appeared lower in N/5 after
2 days, whereas similar values were found for N and N/10. This
result can be understood if we take into consideration several
aspects including the relative weight, the size and the thickness
of the leaves. In fact, due to different growth rate, leaves of
N/10 plants have a higher number of cells per unit of fresh
weight than the N/5 and N Ieaves, a situation leading to a higher
figure when protein was expressed on a per fresh weight basis.
Certainly, the protein synthesis in N leaf is higher than in
N/10, as found when experessed as protein/leaf; in the latter
plants, when proteins are expressed on a fresh weight basis, the
true situation is obscured because the smaller cell development
gives rise to values similar to the ones of N group. The relative
situation of the protein content in the 3 groups is better perceived
when comparing the values expressed on a per leaf basis, where
the N plants stand out as the better ones. The increase of protein
level with the rise of nitrogen supply as described by others
(LAwWLOR et al., 1988, 1989; SANTOS and SALEMA, 1991) became
more evident with further development.

It is known that in higher plants light serves as an environ-
mental stimulus which regulates development, particularly the
development of active chloroplasts from proplastids or etioplasts.
The illumination of dark-grown plants causes the accumulation
of chlorophyll and synthesis of several proteins (ToBIN and
SILVERTHORNE, 1985; GRUIssEM, 1989 and references therein).
The accumulation of proteins and the appearance of even new
ones in Zea mays occurred upon illumination of the etiolated
seedlings (SANTOS et al., 1992) together with the accumulation
of chlorophyll. The values quantified for protein and chlorophyll
led us to admit that during this initial phase of growth (2 days)
protein synthesis and development of chloroplasts will prevail
upon cell enlargement. In fact, after 2 days both mesophyll and
bundle sheath chloroplasts appeared already differentiated and
their level of organization was similar in all plant groups and,
in general, in agreement with observations described for etioplast-
chloroplast transformation in maize leaves (RAscIO et al., 1984).
One difference caused by different nitrogen supply concerns the
fractional volume of chloroplasts, which appeared diminished by
decreasing N level. This result agrees with what has been reported
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for other plants (CHONAN et al., 1977; TERASHIMA and EVANS,
1988 ; SanTos and SALEMA, 1991).

The amount of photosynthetic pigments decreased with the
diminution of nitrogen, similarly to the described for other
species (TErasHIMA and EvANS, 1988; EvaAns and TERASHIMA,
1088; SaNTos and SALEMA, 1991). Differently to proteins, the
lowest value appeared in N/10, after 2 days. From the 2nd to
the T7th day chlorophyll increased in the three plant groups
reaching a higher value in N leaves. Concomitantly an increase
in number of thylakoids per granum occurred in mesophyll
chloroplasts, which was more evident in N/10 leaves in spite of
the lower level of chlorophyll found in them. As N/10 leaves had
chloroplasts with the smallest size (data not shown), the mem-
branes where chlorophyll molecules have to be integrated will
possibly have a tendency to be more tightly packed, resulting in
a higher number of thylakoids/granum ratio. These results are
in disagreement with what was described for spinach (TERASHIMA
and Evans, 1988). Bundle sheath chloroplasts with rudimentary
grana were also seen and quite frequently in N/10 leaves they
had higher number of adpressed thylakoids. Previous study in
Zea mays (BRANGEON, 1973) showed that chloroplasts of the
bundle sheath pass through a grana-forming stage and that grana
progressively disappeared along the differentiation. Based on this
one can admit that by day 7 these organelles in N/10 plants had
not get yet fully differentiated, possibly due to deficient nitrogen
supply. Also, as it is known that the degree of grana formation
in C, plants is dependent on light (Woo et al., 1971) it is possible
that the rudimentary grana observed were not only a consequence
of the low nitrogen level but also a result of the artificial lighting
used. Another difference concerned starch content which was
higher in leaves supplied with lower nitrogen level, results con-
cordant with the reports for other species under nitrogen defi-
ciency (RUFTY et al., 1988 and references therein).

The effect of nitrogen supply on the activity of carbon assi-
milating enzymes has been studied in other species (LAWLOR et al.,
1989; EvANs and TERASHIMA, 1988). In maize, SUGIHARTO et al.
(1990) reported the N-dependent selective change in levels of
PEP-Case and pyruvate orthophosphate dikinase; RuBisCo was
less afected by nitrogen status of leaves. Under our experimental
conditions the PEP-Case activity was also more sensitive to
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nitrogen level than RuBisCo. In Zea mays leaves RuBisCo appeared
only upon illumination (SANTOS et al., 1992) as also observed
in Amaranth cotyledons (BERRY ef al., 1990). Besides this it is
also known that light induces the synthesis of numerous nuclear-
and plastid-encoded proteins (ToBIN and SILVERTHORNE, 1985;
BERRY et al., 1985).

Two days upon illumination the RuBisCo activity in the
3 groups of plants showed & relationship similar as the observed
for proteins and these relative activities could be explained based
on the same reasons already referred to above in relation to
proteins. Also, when expressed per mg of chlorophyll the highest
activity appeared in N/10 leaves, certainly as a result of the
lowest level of those pigments in these plants. After 7 days
RuBisCo activity appeared reversed with the lowest wvalue in
N/10 leaves and similar activity in the other 2 groups. It seems
that protein RuBisCo is mostly synthesized during the initial period
of light growth (2 days) whereas the chlorophyll was not.

PEP-Case behaved differently; its activity was always higher
in plants supplied with the highest nitrogen level. However, the
difference betwen N and both N/5 and N/10 plants was much
higher than the difference between the two latter groups. It seems
that a high level of nitrogen is needed for plants to reach high
PEP-Case activity. Considering N and N/10 plants or N and N/5
we can say that our results agrees with the findings of SuciHARTO
et al. (1990) who used 2 nitrogen levels, one 20 fold lower than
the other. Comparing the relative activities of PEP-Case and
RuBisCo, in the 3 groups of plants, a different behaviour for
the former was found even when considered on a leaf basis,
which could be due to the fact that the former enzyme is involved
in other metabolic pathways besides photosynthesis.

The main features of leaf senescence are the breakdown of
chlorophyll (KUurA-HOTA et al., 1987; Evans, 1983; MAKINO et al.,
1984), change in activity of RuBisCo (Evans, 1983:; MAKINO
et al., 1984), disorganization of grana and increase in number and
size of plastoglobuli (HasHmMOTO ef al., 1989). N/10 leaves after
28 days displayed almost all of the referred to above metabolic
symptoms, clearly showing an earlier senescence than in N and
N/5 leaves, results which are well correlated with the general
aspect of leaves. In fact, N/10 leaves were yellowish with
somewhat dried up tips by this time; nevertheless RuBisCo
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activity was similar to N/5 group. The early senescence might
well be due to the necessity to recycle the nitrogen content to
support the growth of the newer leaves (LAWLOR ef al., 1987).

The study of the 6th leaf collected after 28 days showed
that RuBisCo activity (on chlorophyll basis) was similar in all
plants. This is certainly due to different developmental stage of
the plants. In fact, attention should be paid to the fact that the
6th leaves have different plastocronic ages in the plants of the
3 groups because time of leaf emergence is affected by the nutri-
tional conditions used. This interpretation was supported by the
values found when the activity was considered by leaf area.
PEP-Case in this 6th leaf behaved also differently from RuBisCo,
as observed for the 2nd leaf.

Some caution should be exercised when comparing data
refering activity, as well as protein and chlorophyll contents,
since figures can be deeply influenced by the way they were
arrived at. Nitrogen strongly affects plant growth and it is also
known that, due to the particular pattern of expansion of mono-
cotyledon leaves a growth gradient is established in them which
must be considered in comparative studies under conditions pro-
voking different growth rates. It was observed that under our
experimental conditions the emergence of leaves is retarded and
its further expansion decreased with the diminution of the
nitrogen levels, a situation also found in soybean plants (RUFTY
et al., 1984). It can easily be seen in our results that considering
only one method of expressing the results (for instance, per mg
of chlorophyll, or g fresh weight, or per leaf) will lead to figures
that might give an erroneous picture. Since the aim of the
experiments was to known how plants were affected by nitrogen
level, the more appropriate data appeared when expressed on a
per leaf basis, which was the closest to the whole plant that
could be expediently done.

The results taken altogether point to the inappropriateness
of the N/10 nutrient solution for sustained growth. In spite of
the values found for chlorophyll, proteins and activity of RuBisCo
and PEP-Case in N/5 plants, in the long run the N/5 level only
allowed an acceptable vegetative development. N level promoted
a higher vigor of the plants but it remains to be seen if their
yield is sufficiently accrued to compensate the higher energy input.
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PLATE 1

Fig. 1. —Cuttings from N, N/5 and N/10 plants, after 2 days of
development in light/dark conditions.

Fig. 2.—a, Mesophyll chloroplasts from a 7th day plant supplied
with the higher level of nitrogen (N); the thylakoid system
shows a high degree of organization. b, Mesophyll chloro-
plasts from a N/10 plant; note granum with a high number
of compartments (arrowheads). Bars =1 pm.

Fig. 3.—a, b, Bundle sheath chloroplasts from plants with 7 days
of growth. Chloroplasts from N (a) and N/10 (b) plants
were mostly agranar but, in both cases, the persistence of
some adpressed thylakoids can be seen (arrows), Bars =
1 pm Fig. 3b, inset —high magnification of some adpressed
thylakoids. Bar = 0.05 pm.
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PLATE II

Fig. 4. —a, b, Mesophyll chloroplasts from 2nd leaves of plants after
28 days of growth. a, Chloroplast from plants supplied with
the higher nitrogen level, with visible grana and stroma
thylakoids. b, Chloroplast from N,/10 plant showing the onset
of thylakoidal system disorganization. Bars = 1 pm.

Fig. 5.—a, b, Bundle sheath plastids from 6th leaves from 28th
plants. Note the lower starch content in chloroplasts from
N plants (a¢) and the higher number of starch grains in
chloroplast from N/10 plants (b). Bars =1 pm.
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PrATE III

Fig. 6. — Comparison of RuBisCo activity in the 2nd leaves of the
three groups of plants (N, N/5, N/10) after 2, T and 28 days,
expresed on a per leaf basis (A), on chlorophyll basis (B)
and on fresh weight basis (C).

Fig. 7. — Activity of PEP-Case from 2nd leaves from plants grown
under three nitrogen levels (N, N/5, N/10) after 2, T and
28 days. The activity of the enzyme, expressed on a per
leaf basis (A), on a chlorophyll basis (B) and on fresh
weight basis (C), was always highest in N leaves.
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Cruzinha, Mexilhoeira Grande, 8500 Portimio
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SUMMARY

The subject of this investigation was the distribution and habitat
associations of Linaria species occurring in the western Algarve. Eight taxa
were recorded in a fleld survey, began in 1991 with a serles of tramsects
along the coastline. Literature citations and herbarium specimens were
listed to build up a more complete picture of their distribution in the survey
area. A comprehensive search for ome of those found, Linaria munbyana
var. pygmaea, failed to reveal more than two locations for this nationally
rare and threatened taxon.

INTRODUCTION

HE genus Linaria Miller contains circa 100 North Temperate
species including 70 in Europe of mostly Mediterranean dis-
tribution (MABBERLEY, 1987). In Portugal 28 species are recognised,
with only the genera Carex (39 species), Trifolium (39), Silene
(37), Euphorbia (34) and Ranunculus (32) being richer in species
(PINTO DA SILVA, 1991).

The taxonomic history of the European Linariae has been
described by VALDES (1970) and ViaNo (1976). CHATER et al.
(1972) recognised the need for further study of this essentially
difficult genus, particularly of the four closely related groups
of L. tristis, L. supina, L. glauca and L. diffusa, comprising thirteen
species. Nomenclatural difficulties have also existed, for example
in the case of L. amethystea (Lam.) Hoffmanns. & Link subsp.
multipunctata (Brot.) Chater & D. A. Webb and L. munbyana
Boiss et Reut. var. pygmaea (Sampaio) Sampaio, as described

[se]
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later in the text. Unless stated to the contrary, the taxonomic
nomenclature followed in this work is that of Franco (1984),
based on the revision of European Linariae with discoid seeds
by VALDES (1970). A revision of species with non-discoid seeds
has been carried out by Viano (1976).

The problems of identification and nomeneclature have been
one obstacle to the understanding of the distribution and ecology
of this genus, and PARKER (1981) noted that little is known of
this in regard to some species. The current survey aimed to con-
tribute to the knowledge of the distribution and ecology of
Linaria species in the western Algarve through the listing of
literature citations and herbarium specimens, and original field
research supported by the British Ecological Society. Many of
the species are known from coastal habitats, and so it was the
Algarvian coastline where the survey was initiated.

METHODS

The survey area stretched from the west coast to the longitude
of Albufeira in the east (long. 8 15’ W of Greenwich), and the
south coast to the latitude of Monte Clérigo in the north (lat.
30° 20") (Figure 1). In April 1991 the coastline of this area was
covered by a series of transects carried out by two observers
at 50 and 150 m from the shoreline. The major habitat types
and geological zones were sampled in this way, but with more
search effort spent on areas of sands rather than limestone
geology as it soon became apparent that the genus was not
represented in the latter. For every 0.5km of coastline covered,
the Linaria species present were recorded together with an
assessment of their abundance (numbers seen scored on a log
scale: 1 = 1-10, 2 = 11-100, etc.), brief habitat description, and
associations with common plant species.

Further searches for Linariae on a less systema.ﬂc basis
were made in the following inland areas and years: western
barrocal (1991), ‘Silves sands’ at Bensafrim (1992/3), shale hills
at Bensafrim (1991/2/3), sandstone heathland at Porches, Algoz
and Tunes (1992), and Serra de Monchique (1993). In addition,
the rare L. munbyana var. pygmaea was looked for in beach
dune systems in the eastern Algarve in 1993.
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The botanical literature was searched for other records of
the genus in the western Algarve, and a number were found
in DAVEAU (1882, 1897), EspiriTo SANTO (1989), MALATO-BELIZ
(1982), MALATO-BELIZ & CASTRO ANTUNES (1984), and TAVARES

Skm
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Fig. 1. — The survey area, showing places referred
to in the results.

& SAcArRrRA0 (1960). Herbarium specimens of the Estagdo Agro-
nomica Nacional (LISE) and Musew Botdnico, Faculdade de
Ciéncias de Lisboa (L1SU), collected in the study area, were also
consulted and listed, together with others referred to by VALDES
(1970) and ViaNo (1987). A catalogue of all the records was
compiled and distribution maps produced for each species.

RESULTS

Eight taxa were collected in the field by the author and
identified. These were: L. pedunculata (L.) Chaz., L. ficalhoana
Rouy, L. spartea (L.) Willd. subsp. spartea, L. viscosa (L.)
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Dum.-Courset, L. algarviana Chav., L. amethystea (Lam.) Hof-
fmanns. & Link subsp. amethystea and subsp. multipunctata
(Brot.) Chater & D. A. Webb, and L. munbyana Boiss. et Reut.
var. pygmaea (Sampaio) Sampaio. All of these were cited in

D South coast
L. pedinculata L. spartea ssp. spartea L. viscosa
4 E -
] thiafiryes ] _
I 12 3.4 3 I 2 3 4.5 1. Z 3l S
L. algarviana L. amethystea ssp. . amethystea ssp. L. munbyana var,
amethystea multipunctata pyEmaea

Ling gaidi8 L i3 el 5 o) X d 5

Fig. 2. — Abundance scores for Linaria species on the coastline
of the western Algarve.

x axis: Abundance score (1 = 1-10, 2 = 11-100, 3 = 101-1000, etec.)
y axis: Number of 0.5 km sections

literature and present in the herbarium collections, and reports
of two further species, L. incarnata (Vent.) Sprengel and L. la-
marckii Rouy were considered.

Figure 2 shows the abundance scores of the Linaria species
recorded in the survey of the western Algarve coastline in 1991.

The distribution of each taxon is described below, with loca-
tions listed from west to east together with years cited or collected
(italicised years are the author’s observations).
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The distributions are mapped in Figures 3-10. The wider
geographical range of the taxon is defined [for Portugal using
the geographical abbreviations of FrRanco (1984)], and habitats
described from field observations made by the author. The taxo-
nomic status of the Linaria is also discussed in the case of there
having existed confusion.

L. pedunculata (L.) Chaz, (Figure 3)

Meia Praia (1991): Alvor (1915, 1917 Lisu, 1945 LisE, 1956
LISE, 1959 LISE, 1991); Armacio de Péra (1966, 1991).

Distribution: — Morocco, SW Spain, Portugal: SW. set,
Barlav., Sotav.

The three sites discovered for this species were beach dune
systems where it was abundant in areas of unstabilised sand.
These areas were the mobile dunes seawards, dominated by
Ammophila arenaria subsp. arundinacea and with Crucianella
maritima, Eryngium maritimum and Otanthus maritimus all
common: and secondly the paths made through the older dunes
behind, suggesting that a moderate amount of human disturbance
increases its range to otherwise more stable zones of the dune

system.

L. ficalhoana Rouy (Figure 4)
Monte Clérigo (1968 Lisu, 1989, 1991, 1994).
Distribution: — Portugal: SW. set., SW. mer.

At apparently the southernmost limit of its range, this species
was found in consolidated cliff-top sand dunes at Monte Clérigo.
The shrub species which were dominant here were Cistus salvi-
folius, Corema album, Thymus camphoratus, Ononis natric and
Armeria pungens.

L. spartea (L.) Willd. subsp. spartea (Figure 5)

Alcantarilha (1971); Albufeira (1936 Lisu, 1991, 1992).

Distribution: — (L. spartea) Macaronesia (Tenerife), SW
France, Spain, Portugal: (subsp. spartea) T. Q., CW. aren. e cintr.,
Berl., CE. camp., CS. plist., SE., SW. mer., Barlav.
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Fig. 3. — The distribution of L. pedunculata (L.) Chaz.

Fig. 4. — The distribution of L. ficalhoana Rouy.

Key to Figures 3-10:
QO Published record or herbarium specimen of the species.
(D As above, relocated by the author (1991-4).
@ New location discovered by the author.
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On the coastline L. spartea was found in nutrient-poor gras-
sland areas, including clearings in pinewoods, waste ground in
urbanisations and abandoned vineyards, on quartz-rich sands.
It was often associated with Lupinus angustifolius, Ornithopus
compressus and O. sativus. At one such locality was found a
few closely-grouped specimens with violet-coloured flowers, at

dr
\

Fig. 5.— The distribution of L. spartea (L.) Willd. subsp. spartea.

variance to the normal yellow-flowered form. Inland the species
was collected in a eucalyptus plantation in 1971 and in a small
remnant area of Quercus suber woodland on red pliocene sands.

L. viscosa (L.) Dum.-Courset (Figure 6)

Monte Clérigo (1989, 1991).

Distribution: — S Italy and Sicily, S Spain, Portugal: SW.
set., SE.

In its one location in the study area, the species was found
in consolidated cliff-top sand dunes dominated by Cistus salvi-
folius, Armeria pungens, Corema album and Halimium lasianthum
subsp. lasianthum.
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Fig. 6.— The distribution of L. viscosa (L.) Dum.-Courset.

L. incarnata (Vent.) Sprengel

L. bipartita auct.
L. linogrisea Hoffmanns. & Link

Between Cabo de Sdo Vicente and Rio de Seixe (1897);
between Carrapateira and Vila do Bispo (1963); Lagos (1988);
Portimédo (1906); Guia (1882); Albufeira (1881).

Distribution: — NW Africa, W Spain, Portugal: CW. aren.,
CE., SW. set., SE. set.

The distribution recorded by Franco (1984) does not include
the western Algarve, and a number of factors put the records
listed above in doubt. LiSU herbarium specimens of DAVEAU from
Espiche and Albufeira have been corrected to the similar L. al-
garviana on the basis of corolla form and in one case habit, and
this must also question his reference to it occurring between
Cabo de Sdo Vicente and Rio de Seixe and at Guia. The author
has not observed L. incarnata in the survey area and it may
be that all the records for it should refer to L. algarviana, known
at several of the localities where L. incarnata has purportedly
been ecollected.
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Confusion between L. incarnata and L. algarviana is unders-
tandable. Particularly in the eastern part of its range, most of
the plants of the latter species had almost erect stems and glan-
dular pubescent inflorescences, characteristics more typical of
L. incarnata. The majority of the herborised specimens of L. al-
garviana are from the area around Cabo de Sao Vicente where,
in contrast, the form is of procumbent to ascending stems (not
unexpected for the exposed.climate of this headland) and lightly
pubescent inflorescences. The approximated rather than divergent
lips of the upper corolla of L. algarviana, and its few- rather
than many- (> 10) flowered racemes, appear to be more reliable
characteristics for distinguishing it from L. incarnata.

L. algarviana Chav. (Figure T)

Cabo de Sdo Vicente (1897, 1906 risu, 1906 Lise, 1918 LISU,
1939 Lise, 1941 LisE, 1945, 1957 Lisg, 1960, 1987, 1990, 1991);
between C. S. Vicente and Sagres (1915 Lisu, 1918 Lisu); Vale
Santo (1906 LISU, 1991) ; Sagres (1915 Lisu, 1915 LisE, 1959 LISE) ;
Praia do Castalejo, and road to (1953 Lisu, 1972 LISE, 1985, 1991) ;
Vila do Bispo (1950 uisv); Bordeira (1991, 1994); Samouqueira
(1906 Lisu, 1991) ; Bensafrim (1993, 199}) ; Espiche (1881 11SU);
Lagos (1971); Alvor (1959 LisE, 1991, 1994) ; Lagoa (1991, 199%) ;
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Benagil (1991, 1994); Sra da Piedade (1949 LISE): Armacao de
Péra (1991); Albufeira (1881 Lisu).

Distribution: — Portugal: SW mer., Barrocal alg., Barlav.

Like L. spartea, L. algarviana had a clear association with
coastal quartz-rich sands, replacing the former species on more
western sites that again included grassy clearings in pinewoods
and vineyards. It was often found growing with Rumezx bucepha-
lophorus, Dipcadi serotinum, Ornithopus spp., Erodium botrys and
other herbs distinctive of these sandy areas.

In quite a different and better documented habitat type for
this species, it was also recorded in pockets of windblown sand
on the karst-like limestone plateau of Cabo de Sio Vicente, and
in the consolidated cliff-top sand dunes of the west coast amongst
shrubs which included Juniperus phoenicea, Corema album and
Cistus spp. In the lattermost habitat it was particularly evident
in recently burnt areas where it had noticeably larger and darker
flowers.

L. lamarckii Rouy
Lagos — Ria Guadiana (1897).
Distribution: — Portugal: CS. plist., SW. set., SW. mer., Sotav.

No records exist to confirm DAVEAU's inference that the
distribution of this dunal plant runs as far west as Lagos. It was
observed by the author in the beach dune systems of the eastern
Algarve at Praia de Faro, Manta Rota and Monte Gordo.

L. amethystea (Lam.) Hoffmanns. & Link subsp. amethystea
(Figure 8)

Cabo de Sdo Vicente (1941 LisE) ; between C. S. Vicente and
Sagres (1915 Lisu, 1915 LISE); Sagres (1915 rLi1sU); Praia do
Castalejo (1991); between Vila do Bispo and Sagres (1964):
Vila do Bispo (1906 risu, 1939 LisE, 1962 LiSE): Budens (1945
LISE) ; Bensafrim (1991, 1994); Alvér (1991-}); Serra de Mon-
chique (1846, 1887 Lisu, 1889, 1912 LisE, 1912 LisU, 1945 risk, 1951,
1968 LisE, 1968 Lisu, 1982, 1993); west of Silves (1881 Lisvu).
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. |

Fig. 8. — The distribution of L. amethystea (Lam.) Hoffmanns & Link
gubsp. amethystea.

Distribution: — Spain, Portugal: T. Q., CW. cale., CW. cintr.,
CW. olissip., CN., CE., Berl., CS. plist., SW. mer., SW. mont., SE.

Although most commonly found in clearings of Cistus lada-
nifer shrubland on the shale hills of the Serra, this species was
recorded more widespreadly. In the recent survey it was found:
1) on a small consolidated sand dune on the west coast with
Cistus salvifolius, Ononos natriz and Halimium sp.; 2) in pasture
on alluvium of sandstone origin, with Aira caryophyllea, Rumex
bucephalophorus and Ornithopus compressus all common; and
3) in grassy clearings in agricultural areas of Picota in the Serra
de Monchique.

L. amethystea (Lam.) Hoffmanns. & Link subsp. multipunctata
(Brot.) Chater & D. A. Webb (Figure 9)

. multipunctata (Brot.) Hoffmanns. & Link
broussonetii (Poiret) Chav.

. ignescens G. Kunze

. amethystea var. broussonetii (Poiret) Pérez Lara

. amethystea subsp. broussonetii (Poiret) Malato-Beliz

SESESESES

Boredira (1984, 1991-4).



354 W. D. Bimonson

Distribution: — Morocco, SW Spain, Portugal: CW. aren., CW.
cintr., CW. olissip., SW. mont., SE mer.

This yellow-flowered subspecies of L. amethystea was the
rarest taxon of the study area, recorded in just one locality, Bor-
deira, on the Costa Vicentina. Here it was found in consolidated
cliff-top sand dunes with Cistus salvifolius, Juniperus phoenicia,
Thymus camphoratus, Ononis natriz, Corema album, Armeria
pungens and Teucrium polium subsp. vicentinum as the shrubland
dominants. In a plantation of Pinus pinea on old dunes adjoining

Fig. 9. — The distribution of L. amethystea (Lam.) Hoffmanns. & Link
subsp. multipunctata (Brot.) Chater & D, A. Webb.

this site inland, it was growing together with L. algarviana. It was
first found at this site by MALATO-BELIZ & CASTRO ANTUNES
(1984), being recorded as L. amethystea (Lam.) Hoffmanns. &
Link subsp. broussonetii (Poir.) Malato-Beliz, a new record for
the Algarve, previously only known in the Estremadura. MALATO-
BeEL1z & CASTRO ANTUNES criticised the inclusion by CHATER
et al. (1972) of the Bordeira Linaria in L. amethystea subsp.
amethystea, a taxon whose type has bluish-violet flowers. He
also disagreed with VALDES' (1970) treatment where the plant
in question was a mere form of L. amethystea var. amethystea.
In this latter scheme, a second species with the same seed
characters is described: L. multipunctata (Brot.) Hoffmanns. &
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Link, occurring in the Beira Baixa and Beira Litoral of Por-
tugal, and the Estremadura of Spain. Measurements taken of
the Bordeira plants show them as possessing characteristics of
both L. multipunctata and L. amethystea var. amethystea form
broussonetii as described. The most appropriate classification
appears to be that of VALDES et al. (1987), where both L. multi-
punctata and L. amethystea subsp. broussonetii become synonyms
for L. amethystea subsp. multipunctata.

A Linaria was also collected in shrubland on sandy soil at
Vila do Bispo by B. RAINHA in 1962, and named L. multipunctata
var. ignescens. Its identification has subsequently been questioned
on the basis of its seeds not possessing thickened wings, and
in being of a larger size than that indicated for L. multipunctata.

L. munbyana Boiss. et Reut. var. pygmaea (Sampaio) Sampaio
in VALDES et al. (1987) (Figure 10)

L. pygmaea Sampaio

Meia Praia (1990, 7991-4): Alvor (1915 risu, 1959 LISE);
Ferragudo (1945 Li1sSE); Praia de Galé (1991, 1993).

Distribution: — Algeria, Portugal: SW. mer.

The nomenclature of this Linaria has a complicated history,
the early part of which was recounted by PINTO DA SILVA (1947).
The point of contention was whether the plant deserved the status
of species as L. pygmaea, first published by Samparo in 1915
from specimens collected at Alvdr, or was a mere variety of
L. munbyana. In the Flora Portuguesa (COUTINHO, 1939) it was
included as the latter, but the inability to find the Alvér Linaria
described therein led P. pa SILvA to reassess the evidence
available. Examining the characters of herbarium (including type)
specimens, he reaffirmed the specific status of L. pygmaea. The
matter did not rest there, however, for a revision of the European
Linariae with discoid seeds by VALDEs (1970) again placed the
Alvér plant with the species described by MuNBY: L. munbyana
var. pygmaea. It was differentiated from variety munbyana by
having seeds with smooth disks and unthickened wing features,
rather than the tuberculate disks and thickened wings found
in the latter variety. Other differences between these Linariae
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Fig. 10. — The distribution of L. munbyana Boiss, et Reut. var. pygmaea
(Sampaio) Sampaio.

are described but are not warranted as sufficient to separate the
plants as species.

According to VALDES (1970), the European distribution of
L. munbyana var. pygmaea is restricted to the Algarve, elsewhere
only being recorded in Algeria where it occurs together with
variety munbyana. It is very localised in the Algarve, having
only been collected at two localities. In the survey of 1991, it
was again found in two localities but interestingly they were
not the same ones. The sites where collections had previously
been made were the dunes of Alvor and caleareous beach sands
near Ferragudo. In 1991, the taxon was not discovered at either
of these but instead was found on the dunes of Meia Praia, on
the other side of the mouth of the Alvér Estuary, and at Praia
de Galé. As part of the current study, it was decided to verify
the plant’s presence/absence in these four localities and to search
for it elsewhere on the Algarve south coast. The aim was to
establish more exactly its Algarve (and therefore European)
distribution and the extent of its rarity.

All of the main beach dune systems were visited in February
and March 1993. Two to three kilometre stretches were searched
at Meia Praia, Alvér, Ferragudo, Praia de Galé, Praia de Faro,
Praia de Barril, Manta Rota and Monte Gordo. No new sites for
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L. munbyana var. pygmaea were found. Communications with
botanists at the Parque Natural de Ria Formosa and Instituto
Boténico in Coimbra failed to reveal any other records of it. The
Linaria was absent from the site at Ferragudo where it had been
collected in 1945, and indeed no suitable habitat was found there.
Where there presumably existed small dunes, there only remained
flat beach sands sparsely vegetated with Lotus corniculatus,
Medicago littorea and Cakile maritima, perhaps as a result of
the construction of a breakwater in the esturay affecting sand
transport and deposition by the tides.

The two discrete populations of the plant discovered at Praia
de Galé in 1991 were again located. One of these, within the
confines of a planned seaside urbanisation, owed its continued
survival to the failure to develop the site. The plant's absence
from the Alvor dunes was confirmed, its demise probably due
to man-made disturbance exacerbated recently by the dumping
of dredged estuary sand onto the dunes. On the other side of the
estuary mouth, the Linaria was again found in the dunes of Meia
Praia, reaching almost as far west as Lagos in small numbers.

The Linaria was observed in dune slacks particularly along
track edges. It was often associated with Artemisia campestris,
Silene obtusifolia, Medicago littoralis, Ononis natriz and Paro-
nychia argentea.

DISCUSSION

Soil parent material appeared to be the major influence on
the distribution of Linaria species. One of the best examples of
the substrate effect was seen on a tiny outcrop of sandstone on
a predominately limestone coastline, supporting a very dense
population of L. algarviana. The edge of the outcrop 'was almost
exactly indicated by the boundary of the population.

With the exception of L. amethystea subsp. amethystea which
was typically found in areas of shales, it was the sandy soils
which were important for the majority of the species and three
sandy-soiled habitats could be broadly distinguished:

1. Cliff-top consolidated sand dunes on the west coast, where
L. ficalhoana was replaced to the south by L. amethystea
subsp. multipunctata and L. algarviana;
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2. Large beach dune systems, supporting populations of
L. pedunculata and, more locally, L. munbyana var.
pygmaee. Small bay dunes on the south coast were devoid
of Linaria species;

3. Coastal quartz-rich sands, and the ‘Silves sands’, where
L. algarviana could be found in high numbers, replaced
by L. spartea subsp. spartea on the coast to the east.

For L. pedunculata, L. ficalhoana, L. amethystea subsp. mul-
tipunctata and L. munbyana var. pygmaea, taxa that only occurred
n the coastal habitats, the abundance scores (Figure 2) give a
real indication of their abundance in the western Algarve region
as a whole. Of these, all occur outside of the survey area apart
from L. munbyana var. pygmaea, the rarest in Portugal and con-
tinental Europe of the Linariae recorded in this study. With just
two sites for it known in the country, and both of them highly
disturbed, this taxon merits inclusion in any red data list of
threatened higher plants in Portugal. It faces a precarious future
if the sensitive and scarce dune habitat in which it oceurs is
not given some measure of protection. L. algarviana is endemic
to the survey area, but was seen to occur much more widespreadly
and at higher frequencies, both on the coast and in suitable
habitats inland.

ACENOWLEDGEMENTS

I would like to thank the British Ecological Society for
supporting the study through a Small Ecological Project Grant,
Dr. PETER STURGESS for his help in the fieldwork and comments
on the text, Eng. ISABEL SARATVA for her help in the herbarium
of the Estacdo Agronémica Nacional, and Dr. JoRGE Parva for
his help in the identification of L. amethystea subsp. multipunctata.

REFERENCES

CHATER, A. O.; VALDES, B. & WEEE, D. A.
1972 Linaria Miller. In TUTIN, T. G. ef al. (Eds.) Flora Europaea, Vol. 3.
Cambridge University Press, 226-236.
CouTiNHO, A. X. P.
1939 Flora Portuguesa, 2nd ed., Lishoa.

| RS SR e T




The genus Linaria (Scrophulariaceae) in the western Algarve 359

DAVEAU, J.
1882 Apercu sur la végétacién de I'Alentejo et de 1'Algarve. J. Sci. Math.
Phys. Nat. Lisbog 32: 235-280.
1897 La Flore Littorale du Portugal. Bol. Soc. Brot. 14: 3-54.
ESPIRITO SANTO, M. D.
1989 Flora das Dunas e Platformas Arenosas do Sudoeste Meridional.
Departamento de Botinica do Instituto Superior de Agronomia.
FRANCO, J. DO AMARAL
1984 Nova Flora de Portugal, Vol. II. Lisboa, 230-242.
MABBERLEY, D. J.
1987 The Plant-Book, A portable dictionary of the higher plants. Cambridge
University Press, 335.
MALATO-BELIZ, J.
1982 A Serra de Monchigque. Flora e Vegetagio. SNPRPP, Lisboa.
MALATO-BELIZ, J. & CASTRO ANTUNES, J. H.
1984 Notas de floristica — XII. Bol. Soc. Brot., Sér. 2, §7: 226-8.
PARKER, P. F.
1981 The endemic plants of metropolitan Portugal, a survey. Bol. Soc.
Brot., Sér. 2, 53(2): 943-994.
PINTO DA SILVA, A. R.
1047 Notas. Agronomia Lusit. IX: 29-34.
1881 Algumas caracteristicas da flora de Portugal. Ciéncia e Natureza
({LPN) 1: T73-92.
TAVARES, C. N. & SACARRiQ, G. F.
1960 A Proteccio & Natureza em Sagres— 5. Vicente. Seu Interesse e
Urgéncia. Profeccdo da Natureza. Boletim Informativoe da LPN.
N.»= 3-4: 1-18.
VALDES, B.
1970 Revigsidn de las Especies Europeas de Linaria con Semillas aladas.
Unlv. Sevilla, Ser. Ci. No. 7.
VALDES, B., TALAVERA, S. & FERNANDEZ-GALIANO, E. (Eds.)
1987 Flora Vascular de Andalucia Occidental. Vol. 2. Ketres Editora 8. A.,
508-22.
VIANO, J.
1976 Les Linaires a Graines Aperes du Bassin Mediterraneen Occidental.
Thése Doctorat d’Etat Marseille,
1987 Contribution a4 I'étude du genre Linaria Miller au Portugal. Clé
générale des taxons a graines aptéres. Agronomia Lusit. 42(3-4):
153-177.






INDICE

AYODELE, A. E. & SHETEOLU, A. O. PEREIRA — Variation in fibres and

vessel elements of Delonix regia (Caesalpiniaceae) . . . 153
BALLERO, M.; ScCRUGLI, 8.; ScrUGLI, A. —La flora del Tacco dl 'I‘lcci
(Sardegna Centrale) . . . 55 \yg*

BARROS, IVA CARNEIRO LEX0; MANCILHA, E!.IANAL ﬂurms DE Lm SAN‘!'DS

KATIA MARIA RIBEIRO DOS; SA, PATRICIA SHEYLA DE ALMEIDA — Apa-

relhos estomdticos em Selaginella breyneii Spring et Char., Sela-

ginella convoluta (Arnott) Spring e Selaginellea muscosa Spring \

(Pteridophyta) . . . FendRITEIRD sinedsadt a8 LQ
Caro DOMINGUEZ, F.; SANCHEZ-ANTA M' A.; GALLEGO MARTIN, F.

& NAVARRO ANDRES, F.— Phenomorphological aspects of three

species in a shrubland of Genisto hystricis-cytisetum wmultiflori

Rivas Martinez in Rivas Martinez et al. in a dehesa of Salamanca 303
Diospapo, J. C. & PasTOR, J. E. — Contribucién al conocimiento cario-

légico del género Ranunculus en la Peninsula Ibérica — Secciones

Physophyllum Freyn y Hecatonig (Lour.) DC. I i P L__Q .
GIL, MARIA CANDIDA P.— Contribuicdo para o uunhechneuta da repro- )

ducdo sexuada em Bacillariophyceae — Auxdsporos e células iniciais

de Cocconeis placentula Ehr. e Amphora veneta Kutz. b e 161
GOVAERTS, R. — Rare and threatned plant species of scuthers Portugn.l 285 (4 A{
JUAN, R. & PASTOR, J. — Contribucién al estudio carinldgico del género >

Euphorbia L., subgén. Esula Pers. . . . . . . £ W, pperons (O
LEONARDIS, WALTER DE & FICHERA, Gtmmm Dia.gnost;lc va.lue of seed o
coat in italian taxa of the genus Sinapis and Brassica nigra . . . 235 LP

LorEz GUADALUPE, M.; LOSA QUINTANA, J. M.; NEGRILLO GALINDO, A. M.
& JIMENEZ ALoT, M. V. — Distribucién corolégica del género Odon-

tites en la provincia de Granada — Ecologia y fitosociologia . . . 125
MATEU, I. & GUEMES, J. — Estudio carpolégico del género Launaea Cass.

{Asteraceae) en Europa . . . . . o 1 88y [ e
OBUTE, G. C. & UGBOROGHO, R. E. -—Mut.agenjc effects of mlchlcine on

Vigna unguiculata (L.) Walpers (Papilionaceae) in Nigeria . . . 219
OLOWOKUDEJO, J. DELE & BAMGBOWU, O. O. — Leaf epidermal morphology

in Bridelia (Euphorbiaceae) and its taxonomic significance . . . 5 )’

QUEIR(0S, MARGARIDA — Niameros cromossémicos para a flora portuguesa.
R e i o n ot v st o T



QUEIR0S, MARGARIDA — Niimeros cromossémicos para a flora portuguesa.
IER-138 . oo doemosindglaassDy)  sdwavaiaetal: So pineanads dssany

REIN0SO FRANCO, JUAN; OTERO-SCHMITT, JORGE & VIERA BENITEZ, M.* C.
— Considerations on eryptogamic flora of a littoral atlantic. Cave:
Punta Queixal (Galicia, NW Spain) . . . . . :

RESENDE, M* EMILIA; CAROLINO, M.* MANUELA & Ronm, N 'I‘mmmu -
Studies on the B-glucosidase from Dichomitus squalens (Karst.)
Reid induced by carboxymethylcellulose . . . 4

RODEIA, NATERCIA TEIXEIRA — Estudo do complexo enzirmitlco celulol[tlco
de Trichoderma koningii Oudesman — Inducgio por Solka-Floe . .

Sarro, KosHl & MoRI, TOSHIYUKI — Accelaration of z-glucosidase activity
by diluted ketones

SANTOS, ARLETE; SANTOS, Isam ALHmm,J M. anﬂ EAI.EMA, R.—Im
fluence of mitrogen nutrition on chloroplast structure, RuBisCo and
PEP-Case from corm . .

SANTOS, M. FATIMA; LOURENGO, OIIND.A & Cumvnao, Gnaq.u ACDI—
The culture collection of Algae of the Department of Bota.ny
University of Coimbra. Supplement —II . . :

SENA, KEsiA X. F. RIBEIRO DE; ANDRADE, mm&muﬁA s DE; I..mu
RosiLIA C.; SANTOS, EDVALDO R. DOS — Atividades hiolégicas da
Rosmarinus officinalis L. (R. latifalivs Mill.) . . . .

SIMONSON, W. D. — The genus Linaria (Scrophulariaceae) in the western
Algarve , . !

SoRoRA, X; RﬂDRtGmE-OUBlﬁh, .J' &: Olmz, S —Apantam-to.s sobre a
flora galega —XIV . . X

VARENNES, AMARILIS DE & SEQIIE:[H, JO'SE: C. —Iﬂtrastmctura] changea
in white lupin induced by iron supply . . .

VICENTE, C. & XAVIER-FILHO, L. — On the biological origin uf depﬂldunea

317 ’\;-

19

211
245

297
323
178

a7

. 343 ©

111
133

e




INSTRUCOES AOS COLABORADORES

1. O Boletim da Sociedade Broteriana é uma revista destinada a4 publicagéo
de artigos originals em todos os dominioz da Botfnica. No entanto, artigos muito
extensos sobre floristica, fitogeografia e fitossociclogia sfo publicados geralmente
nas Memérias, enquanto que os trabalhos de divulgacfio cientifica e os referentes
A histéria da Botfnica sio reservados para o Anudrio—as duas outras revistas
da Sociedade.

2. Destinado principalmente & publicacio dos artigos elaborados pelo pessoal
cientifico do Departamento de Botdnica da Universidade de Coimbra, nele se inserem
todavia trabalhos da autoria de membros da Sociedade, bemm como os de outros
investigadores, quer portugueses, quer de outras nacionalidades. A publicacio de
qualquer artigo, porém, estd na dependéncla de aprovagio pela Comissio Redactorial.

3. Os originais entregues para publicagio devem ser dactilografados a dois
espacos e possuir uma margem da largura habitual. Poderfio ser redigidos em
portugués, inglés, francés, alemfo, jtaliano ou espanhol. O nome do autor (ou autores)
deverd figurar na primeira pégina, bem como o enderegco da Instituigio em -que
trabalha(m). Um resumo, nio excedendo aproximadamente 300 palavras, preferivel-
mente em Inglés, deverd iniciar o artigo.

4. Os nomes latinos dos géneros, espécies e categorias infra-especificas que
figurarem no texto devem ser sublinhados uma sé vez, enguanto que os nomes dos
autores, quando nfo escritos em maidsculas, devem ser sublinhados com um trago
ondulado. As palavras em negro devem ser sublinhadas duas vezes. Os nomes dos
autores citados no texto devem ser seguidos pela data da publicagfio entre parénteses.

5. No que respeita A4 ordenagioc e disposicio da bibliografia, seguir as
normas utilizadas em um dos volumes recentes desta publicacio.

6. As figuras a intercalar no texto, geralmente reproduzidas em =zincogra-
vura, nio deverdo exceder a mancha tipogrifica. As estampas hors-texte (em regra
fotogravuras) serio impressas em papel couché e nfio deverfo ultrapassar 13 ¢ 18 em.
Sempre que as figuras sejam de pequenas dimensdes, aconselha-se a sua reunifo
em estampas com as dimensdes acima indicadas.

7. Cada autor (ou grupo de autores) receberd 50 separatas gritis, sendo
as excedentes que pretender fornecidas ao preco do custo e pagas directamente
&4 Tipografia.

INSTRUCTIONS AUX COLLABORATEURS

1. Le Boletim da Sociedade Broteriana est un périodique destiné a la publi-
cation d'articles originaux concernant tous les domaines de la Botanique. Cependant,
des articles trés longs sur floristique, phytogéographie et phytoscciologie sont en
général publiés dans les Memdrias, tandis que les travaux de divulgation scientifique
et ceux concernant l'histoire de la Botanique sont réservés au Anudrio —les deux
autres revues de la Société.

2. Ayant particulidrement pour but la publication des articles élaborés par
le personnel scientifique du Department de Botanique de I'Université de Coimbra, ce
périodique publie aussl les travaux des membres de la Soclété, ainsi que ceux d'autres
botanistes, solt portugais, soit de quelgue autre nationalité. Toutefois, la publication
des articles est sous la dépendance de l'avis de la Commission de Rédaction.

3. Les manuscrits dolvent &tre dactylographiés & deux espaces et avoir une
marge. Ils peuvent &tre rédigés en portugals, anglais, francais, allemand, italien
ou espagnol. Le nom de l'auteur (ou des auteurs) devra figurer 4 la premiére
page aprés le titre du travail, ainsi que 'adresse de I'Institution oii i1(s) travaille(nt).
Un résumé, ne dépassant pas 300 mots, de préférence en anglais, devra ouvrir I'article.

4. Les noms latins des genres, des espéces et des catégories infraspécifiques
devront étre soulignés une fois, tandis que les noms des auteurs, quand mnon
dactylographiés en lettres majuscules, doivent étre soulignés par une ligne ondulée.
Les noms des auteurs cités dans le texte doivent &tre suivis de la date de la
publication mise entre parenthéses.

5. En ce qui concerne la bibliographie, voir un des volumes récents du Boletim.

6. Les figures du texte, général des dessins A l'encre de Chine, ne doivent
pas, avec les légendes, dépasser 10,5 X 18 cm. Les planches hors-texte ne devront
pas dépasser 13 X 18 cm. Les figures A4 petites dimensions doivent étre réunies
dans des planches aux dimensions ci-dessus mentionnées.

7. Chague auteur (ou groupe d'auteurs) recevra 50 tirages a4 part gratuits,
tandis que ceux excédant ce nombre lui seront fournis au prix du colt et devront
étre payés par l'auteur directement & I'Imprimerie.

TP s AR T






