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LIFE BRICKS 2.1
Guia de I'alumne

1

La vida és un procés dinamic on la materia i I’energia fan possible unes
estructures quimiques molt peculiars: els éssers vius. Aquest és un
procés complex on es transformen les molécules en energia o en altres
molecules per crear o regenerar parts del nostre cos.

Durant un seguit de passos haureu de tenir cura de la Cél-lula i intentar
mantenir-la viva. Descobrireu que la vida no és facil. Pero és molt
creativa!

Nom de I'alumnat

This card is part of the materials of the activity “LifeBricks” Materials of the activity and Didactic
Guides are available for its download at: https://bit.ly/2ZksPOp




LIFE BRICKS

Modul O: Explora el material

1. Comproveu que teniu tot el material
dins de la capsa amb |'ajuda de les cartes
de peces basiques (Inventari) i mireu si
teniu totes les cartes de biomoleécules
organiques (Hidrat de carboni, Lipid,
Proteina i acid nucleic)
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2. Observeu els mapes Mapl i Map2 i
discutiu els termes (Catabolisme,
Anabolisme, Fotosintesis...).

This card is part of the materials of the activity “LifeBricks” Materials of the activity and Didactic @ ol_ale
Guides are available for its download at: https://bit.ly/2ZksPOp =
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LIFE BRICKS

Modul 1: Catabolisme i Anabolisme (l):
Homeostasis

1. Agafa el Map 1. Analitza els diferents compartiments i elements i discutiu sobre
el seu significat. Construiu una biomolécula organica del tipus que vulgueu
(Carbohidrat, Lipid, Proteina o Acid nucleic). Poseu algunes peces d'oxigen en el
mapa i tanqueu la capsa.

2. Simulem la ingestio: poseu les biomolécules en el tracte digestiu del Map 1 i
inicieu la digestid parcial (desmuntar les cadenes de carboni entre elles, perd no
altres peces).

Aquestes petites Biomoleécules Digerides poden ser absorbides i distribuides (a través
de I'aparell circulatori) cap a les cél-lules. Dins de les cél-lules tindra lloc el Catabolisme

amb la Respiracio cel-lular i la total digestio de les biomolécules.

1. Desmunta (Catabolisme) les molecules en les seves unitats. Tingues en compte que
cada peca d’Energia que alliberes I'has de substituir en la corresponent pe¢a de
Carboni per un oxigen (aix0 es diu Respiracio cel-lular)

Py © Fo

Cadena de Carbonis + Oxigen B (CarboniOxidat)+ Energia + H,O

4. Intenta construir (Anabolisme) com a minim dues biomolécules organiques. No
pots fer servir peces de carboni oxidades (CO,) perd pots “rescatar-les”
desencadenant l'oxigen amb peces d’Energia lliures (Evidentment, perdras
I'energia)

5. Analitza. Quin és el resultat? Que ha passat amb les cadenes de carboni? | que ha
passat amb I'energia? Que passara amb les unitats que no hem fet servir per
construir noves biomolecules?

6. Intenta tornar a fer el procés. No afegeixis noves biomolecules a la cel-lula.
Treballa només amb les que queden al seu interior. Que passa ara? Explica els
teus resultats fent servir els conceptes Anabolisme, Catabolisme i Respiracid
Cel-lular.

Si sobrevius: 3 life points

This card is part of the materials of the activity “LifeBricks” Materials of the activity and Didactic @ ol_ale
Guides are available for its download at: https://bit.ly/2ZksPOp =
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LIFE BRICKS

Modul 1: Catabolisme i Anabolisme (l):
Homeostasis

e

| que hem fet...

| el que ha passat...

Aixo significa...

Key ideas:
Tots els organismes vius estan formats per les mateixes “peces” (biomolecules).
Les diferents biomolécules estan fetes per diferents combinacions de bioelements
essencials (peces de lego).

Obtenir energia a través de la respiracio de biomolécules organiques genera una
perdua de carboni en forma de carboni oxidat




LIFE BRICKS

Modul 2: Catabolisme i Anabolisme(ll):
Cell Specificity

Ara intentareu aconseguir mantenir en vida diferents tipus de cel-lules.

(Per fer-ho heu de tenir en compte les seglients condicions de supervivencia: \
*  Com a minim heu de tenir 6 unitat d’energia
¢ Com a maxim podeu tenir 16 unitats de CO,
. Heu de mantenir el Nitrogen lliure entre 8i 12 U
En cas de que no tingueu aquestes condicions la cél-lula morira.

1. Preparacio:

Construeix 3 molécules de cada tipus (3 Carbohidrats, 3 Lipids, 3 Proteines, 3 Acids
nucleics). Escolliu quin tipus de cel-lula sou:

a) Cel-lula muscular: Has de sintetitzar 2 CH i 3 Proteines per permetre la
contraccio muscular.

b) Cel-lula epitelial: Has de sintetitzar 3 Proteines i 3 acids nucleics per
permetre la divisio cel-lular.

c) Adipocit: Has de tenir sempre 6 lipids en reserva.
d) Neurona: Has de sintetitzar 3 CH i 2 Lipids per fabricar neurotransmissors.

2. Round 1 (Esmorzar): Ingesta 1 biomolecula de cada (1 CH, 1 Lipid, 1 Proteina, 1
Acid Nucleic) i fer un cicle de Catabolisme-Anabolisme tenint en compte els
requeriments del teu tipus cel-lular.

3. Round 2 (Dinar) : Ingesta 1 biomoléecula més de cada i fes una segona ronda de
Catabolisme-Anabolisme. Pots fer servir els metabolits que han sobrat en el
primer cicle.

4. Round 3 (Sopar): Fes igual que en la Round 2.

5. Reflexioneu:

Observeu el contingut de la vostra cel-lula i compareu-la amb els altres tipus de cel-lula.

Mira els metabolits que hi ha a cada cas: sén diferents? Per que? Que passaria si les

cél-lules poguessin intercanviar-se biomolécules o bioelements després de cada
ronda?

Si sobrevius: 3 life points. Si no: perds 2 life points

This card is part of the materials of the activity “LifeBricks” Materials of the activity and Didactic @ ol_ale

Guides are available for its download at: https://bit.ly/2ZksPOp e




LIFE BRICKS

Modul 2: Catabolisme i Anabolisme(ll):
Cell Specificity

~

El que hem fet... A

| el que ha passat...

Aixo significa...

Key ideas:

Alguns bioelements sén essencials pero poden ser toxics si els nivells dins la cel-lula
son massa elevats.
Les cel-lules amb diferents funcions tenen necessitats metaboliques diferents.

Les cel-lules intercanvien biomoléecules i bioelements entre elles per satisfer les
seves necessitats metaboliques

This card is part of the materials of the activity “LifeBricks” Materials of the activity and Didactic @ (1)(SI(D)
Guides are available for its download at: https://bit.ly/2ZksPOp Ev MG

A



LIFE BRICKS

Modul 3: Catabolisme i Anabolisme (l1):
Dieta

En aquest modul, tots els equips sén cél-lules no especialitzades.

Heu de sintetitzar quantitats equilibrades de cada Biomolécula. Tindreu
exigencies especials, aixi que treballa conjuntament amb un altre equip posant en
comu les peces de les vostres caixes.

1. Preparacio: Cada equip segueix una dieta diferent, per cada Ingesta, les
biomoléecules seran les seglients:

a) Dieta Ultra calorica: 2 Carbohidrats , 2 Lipids.

b) Dieta Ultra proteica/Paleo: 2 Carbohidrats, 2 Proteines.
c) Dieta Hipocalorica: 2 Proteines, 2 Acids Nucleics.

d) Dieta “Depurativa”: 2 Acids Nucleics, 2 Carbohidrats.

ﬁiondicions de supervivencia: \
* Heu de sintetitzar els 4 tipus de biomoléecules
* Com a minim heu de tenir 6 unitat d’energia
e Com a maxim podeu tenir 16 unitats de CO,
* Heu de mantenir el Nitrogen lliure entre 8i 12 U
uin cas de que no tingueu aquestes condicions la cél-lula morira. )

1. Fes 3 ingestes (Esmorzar, Dinar i Sopar) Mantenint les condicions de
supervivencia.

1. Reflexioneu:

Observeu el contingut de la vostra cél-lula i compareu-la amb els altres tipus de
dieta. Mira els metabolits que hi ha a cada cas: son diferents? Per que? Hi ha
cel-lules mortes? Per que? Si totes les cel-lules tenen la mateixa dieta es soluciona
el problema si intercanviem molécules? Per que?

Quines cel-lules del modul 2 estarien més afectades per aquestes dietes? Quines
malalties esperarieu que tinguessin aquetes persones?

Si sobrevius: 2 life points. Si no: perds 3 life points

This card is part of the materials of the activity “LifeBricks” Materials of the activity and Didactic @ ol_ale

Guides are available for its download at: https://bit.ly/2ZksPOp -
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LIFE BRICKS

Module 3: Catabolism and Anabolism
(111): Diet

(EI que hem fet... D)

El que ha passat...

Aixo significa...

Key ideas:

* Les dietes han de tenir en compte, no només les necessitats d’energia i Carboni,
també la resta de bioelements.
Una deficit cronic, perd també un excés cronic tant de biomolecules com de
bioelements, dificulta tant la supervivencia com el bon funcionament cel-lular.
Algunes cel-lules es veuen afectades abans que altres per les limitacions de les
dietes. .

This card is part of the materials of the activity “LifeBricks” Materials of the activity and Didactic olale
Guides are available for its download at: https://bit.ly/2ZksPOp _
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LIFE BRICKS

Modul 4: Respiracio i Fotosintesis

Sou una cel-lula vegetal (Map2). No fas cap ingesta

1. Fotosintesis: Amb I'energia de la llum del Sol has de construir els 4 tipus de
biomolecules. En el Cloroplast (zona de Fotosintesis) absorbiu 4 molecules
de CO, de I'atmosfera i recupereu 8 peces d’energia per construir 4
carbohidrats. Allibera I'oxigen que et sobra. Transporta el Carbohidrat

sintetitzat al Citoplasma
e * >

(CarboniOxidat) + Energia + H,0 = Carbohidrat + Oxigen

1. Biosintesis: ALERTA! No pots passar energia lliure del Cloroplast al
Citoplasma, només I'energia incorporada en els Carbohidrats.

Fes servir les biomolecules per sintetitzar lipids. Ara intenta fer proteines i
acids nucleics. Que ha passat?

Els bioelements essencials comelS, o no es poden obtenir de

I’atmosfera pero si a través de les arrels.
Agafa peces de cada bioelement (5,P, N) i intenta sintetitzar una biomoleécula
de cada tipus (Carbohidrat, Lipid, Proteina, Acid Nucleic).

Intenta fer els passos 1i 3 tantes vegades com necessitis. Si no pots o no
compleixes les condicions de supervivencia, la cél-lula ha mort.

3. Reflexiona: Quins han estat els resultats? Qué ha passat amb el CO,? Quin
és el balang entre I'oxigen i el dioxid de carboni? Per que? Que passa amb
I"'energia? D’on venen els carbohidratsi I’'energia?

4. De nit: Els cloroplasts no poden fabricar carbohidrats amb I'energia del sol.
Intenta obtenir energia del citoplasma. Que passa ara? Per que?
S’assembla a la reaccid del pas 1?

5. Sol poc fertil: Que passaria si les plantes creixen en un terra amb poc N?

6. Expligueuels vostres resultats d’aquestes dues questions fent servir els
conceptes Autotrof, Heterotrof, Anabolisme, Catabolisme, Respiracid
oxidativa, Fotosintesis.

Si sobrevius: 1 life points. Si no: perds 4 life points

This card is part of the materials of the activity “LifeBricks” Materials of the activity and Didactic @ ol_ale

Guides are available for its download at: https://bit.ly/2ZksPOp e




LIFE BRICKS

Modul 4: Respiracio i Fotosintesis
GI que hem fet... \

El que ha passat...

Aixo vol dir...

Key ideas:

* Les plantes son els productors de I'ecosistema perque transformen el carboni
inorganic (CO,) en carboni organic (Carbohidrats).
Les plantes no agafen energia del Sol, ho fan de les biomolecules que fabriquen amb
I’energia del Sol.
Les arrels agafen bioelements essencials per construir totes les biomoléecules.

This card is part of the materials of the activity “LifeBricks” Materials of the activity and Didactic olale
Guides are available for its download at: https://bit.ly/2ZksPOp _
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LIFE BRICKS 2.1

THE FOLLOWING SLIDES HAVE TO BE PRINT
DOUBLE-SIDED, CUT AND PLASTICIZED

This card is part of the materials of the activity “LifeBricks” Materials of the activity and Didactic
Guides are available for its download at: https://bit.ly/2ZksPOp




Carbohidrats

*Font d’energia rapidai  0y..0H g *Alt contingut energetic,
senzilla. e e metabolisme{ lent. N
*Forma polimers com el po—&— °Formen polimers com olis i
glicogen o el midé. H_(::_ | *? greixos. Formen part de les
*Present als cereals i H—C— membranes cel-lulars
tubercles.

Proteines

*Poca energia, funcid
estructural i de senyal.
*Formats per aminoacids,
peptids.

*Presents a la carn, el peix,
ou, llet i les llegums.

*Rics en bioelements (PS,...)

*Poca energia.
*Contenen informacio
genetica.

*Contenen Ni P
*Presents en tots els
aliments organics.
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Inventari

Aguesta capsa conté els seglients elements:

Cadena de Carboni

g

' Nitrogen
&

i

il

e

Grup Sulfur

Oxigen

9 x Grup Fosfat

30 x Hidrogen

Energia / Poder reductor
24 © (ATP / NADPH)
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FOTOSINTESIS \
(Cloroplast)

CATABOLISME
(Respiracio)



L1fe Bricks

La vida és un procés dinamic on la materia i 'energia fan possible unes estructures
quimiques molt peculiars: els éssers vius. Aquest és un procés complex on es
transformen les molecules en energia o en altres molecules per crear o regenerar parts
del nostre cos. En aquesta activitat usareu peces de Lego per a modelitzar aquest
procés. Durant un seguit de passos haureu de tenir cura de la Cellula i intentar
mantenir-la viva. A cada etapa podeu guanyar o perdre punts de vida. Descobrireu
que la vida no és facil. Pero és molt creativa!

NOM i COGNOMS........ciiiiiiiiiiectecie ettt st e e s st saeas



Avaluacio

He completat adequadament les etapes...

Comento
(Honest, Concret i Constructiu)

Modul 0: Explorem el material

Modul 1: Catabolisme i Anabolisme (I): Homeostasi

Modul 2: Catabolisme i Anabolisme (II): Especialitzaci6 cel-lular

Modul 3: Catabolisme i Anabolisme (III): Dieta

Modul 4: Respiracid i Fotosintesi

Modul 5: Producte Final: Cas

Qtiestionari 1:

Qtiestionari 2:

GLOBAL/10

Estic /no estic satisfet...

M’ha costat/no

Hauria hagut de...

Ha estat una estrategia titil...

Per properes activitats, miraré de...

Considero que he apreés...

Comento
(Honest, Concret i Constructiu)

Com es representen les substancies quimiques i els seus tipus (Biomolecules)

Com es transformen les substancies en la nutricié (catabolisme i anabolisme)

Com circula la materia i ’energia en els ecosistemes

La relacio entre la dieta i funcionament dels éssers vius (Bioelements)

El significat molecular de la respiracié i la fotosintesi

Escriure un text justificatiu

Dominar bé el lexic especific de la UD

He apreés/ no he apres...

Relaciono el que he apres amb....

Podria aplicar-ho...

GLOBAL/10

Considero que he estat capag de transferir al producte final...

He identificat bé els processos i nivells d’organitzacid

Justifico adequadament usant connectors (ja que, per tant...) i condicional o subj.

Represento les explicacions usant diferents codis (simbolic, quimic,...)

Faig servir adequadament els termes del lexic especific

Comento
(Honest, Concret i Constructiu)

Ho he pogut mostrar quan..

Ho he usat en la part on...

Per exemple, quan he...

GLOBAL/10




Llistat de lexic

(vés marcant les paraules de color vermell a mesura que les aprens)

Biomolecula Cadenes de carboni Respiracio
Carbohidrat/Glacid Carboni Organic Fotosintesi

Proteina Carboni inorganic Excrecio
Lipid/Greix Digestio Cel-lula
Acid Nucleic Absorcio Citoplasma
Bioelements Intercanvi Oxigen (Oz2)
Carboni (C) Catabolisme Dioxid de Carboni
Nitrogen (N) Anabolisme (CO2)

Sofre (S) Metabolisme Autotrof

Fosfor (P) Homeostasi Heterotrof

a + © — ‘ + ‘ ol
o ! Resolucié de Casos:
— ,q. . 4‘ ) — % + O Cas numero 1
—— Cas numero 2
mpirica COz + H20+ \TP = CGHIZOG + 02 CaS nl.'lmero 3
(Dioxid de Carboni) + Aigua + ' v/ > Cadena de Carbonis + Oxigen

Reflexiona: amb quin apartat d’aquest esquema té relacioé cada terme?



Modul 0: Explorem el material i codis

Comproveu que teniu tot el material dins de la capsa amb I'ajuda de les cartes de peces
basiques (Inventari) i mireu si teniu totes les cartes de biomolécules organiques (Hidrat de

carboni, Lipid, Proteina i acid nucleic).

This box contains the following materials

Oxygen

Hidrogen

Organic Carben Chain

Nitrogen Group

Sulphide Group

Phosphate Group

Enerey/ Reductive
Power [ATP/ NADPH)

Observeu els mapes Map1 i Map2 i discutiu que representa cada part amb I'ajut dels seglients
termes (Biomolécula, Organ, Absorcid, Digestid, Transport, Cél-lula, vas sanguini, respiracio,
respiracio cel-lular, fotosintesi, nutrients, energia, Matéria organica, Matéria inorganica...).
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Reflexio en grup

Nivell cel-lular
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Nivell molecular
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Nivell atomic

Identifica quée representa cada element dels mapes

Nivell de teixit

9

Nivell d'érgan

y A

Nivell d'aparell

Nivell d'organisme



A continuacié tens la representacio d’una reaccié quimica, anomenada “Respiracié”, que fan
les nostres cél-lules per aconseguir energia. Son 4 representacions del mateix procés en
diferents llenguatges.

Simbolica ‘ + ! —_— + ‘

——— '@ + @O —><

fmeiiea CeH0g + O, — CO, + H,0 + ATP

Lingtistica

Cadena de Carbonis + Oxigen =2 (Dioxid de Carboni) + Aigua + Energia




Reflexié individual/Sintesi

Amb I’ajut del que has apres en aquest apartat, representa d’alguna manera la teva explicacio
de qué passa amb els nutrients que ingereixes en esmorzar. Fes-ho a ma i insereix la fotografia.




Modul 1: Catabolisme i Anabolisme (I): Homeostasi

A les nostres cél-lules, diferents tipus de biomolécules desenvolupen diferents funcions: Els
lipids formen la membrana, les proteines tenen funcié de transport i comunicacio, els glucids
tenen una funcié energetica i els acids nucleics tenen com a funcié conservar la informacié
genetica. En aquest modul, modelarem dos processos, Catabolisme i Anabolisme, per entendre
com construim aquests tipus de biomolecules que formen la nostra materia organica.

D-glucosa

Figura. Cada tipus de biomolécula té propietats diferents (estructura, energia, flexibilitat...) i
juga un paper diferent en diferents parts i funcions de la cél-lula.

INSTRUCCIONS

1. Construiu una biomolécula organica del tipus que vulgueu (Carbohidrat, Lipid, Proteina
o Acid nucleic). Poseu algunes peces d'oxigen en el mapa i tanqueu la capsa de
materials.

2. Simulem la ingestié: poseu les biomolécules en el tracte digestiu del Map 1 i inicieu la
digestid parcial (desmuntar les cadenes de carboni entre elles, pero no altres peces).

Aguestes petites Biomolécules Digerides poden ser absorbides i distribuides (a través de
|"aparell circulatori) cap a les cél-lules. Dins de les cel-lules tindra lloc el Catabolisme amb la
Respiracio cel-lular i la total digestié de les biomolecules.

3. Desmunta (Catabolisme) les molécules en les seves unitats. Tingues en compte que
cada pega d’Energia que alliberes I'has de substituir en la corresponent peca de
Carboni per un oxigen (aix0 es diu Respiracié cel-lular)

4. Intenta construir (Anabolisme) com a minim dues biomolécules organiques. No pots
fer servir peces de carboni oxidades (CO;) pero pots “rescatar-les” desencadenant
I’'oxigen amb peces d’Energia lliures (Evidentment, perdras I'energia)



5. Analitza. Quin és el resultat? Que ha passat amb les cadenes de carboni? | que ha

passat amb I'energia? Qué passara amb les unitats que no hem fet servir per construir
noves biomolécules?

6. Intenta tornar a fer el procés. No afegeixis noves biomolécules a la cél-lula. Treballa
només amb les que queden al seu interior. Que passa ara? Explica els teus resultats
fent servir els conceptes Anabolisme, Catabolisme i Respiracié Cel-lular.

Si sobrevius: 3 Punts de vida



Reflexid individual

Individual: Assegura’t d’usar dibuixos o alguna representacié i el léxic per a completar aquest
apartat. Fes-ho a ma i insereix la fotografia.

El que hem fet....
El que ha passat...
El que aixo significa és que/aixo té relacié amb quan...

CO, + H,O0 + —> C,H,,0, + O,

(Dioxid de Carboni) + Aigua + = Cadena de Carbonis + Oxigen

Idees clau:

* Tots els organismes vius estan formats per les mateixes “peces” (biomolecules).

* Les diferents biomolecules estan fetes per diferents combinacions de bioelements
essencials .

* Obtenir energia a través de la respiracio de biomolecules organiques genera una
perdua de carboni en forma de carboni oxidat



Modul 2: Catabolisme i Anabolisme(II): Especialitzacio cel-lular

Tejido muscular
s —

Les cél-lules del nostre cos estan Telids aittaginasd (Q
-;d’. X

especialitzades: la seva forma i la seva %@@@ .
&) vn (9 lv" Ui

composicio s’ajusta a les funcions que
desenvolupen. Per aix0, cada tipus de cel-lula
necessita sintetitzar quantitats i tipus diferents
de cada Biomoleécula.

Tejido nervioso

O g s T
j o, ’r.f;’ %

Ara intentareu aconseguir mantenir en vida
diferents tipus de ceél-lules.

INSTRUCCIONS
1. Preparacio:

Construeix 3 molécules de cada tipus (3 Carbohidrats, 3 Lipids, 3 Proteines, 3 Acids nucleics).
Escolliu quin tipus de cél-lula sou:

a) Cel-lula muscular: Has de sintetitzar 2 Carbohidrats i 3 Proteines per permetre
la contraccié muscular.

b) Ceél-lula epitelial: Has de sintetitzar 3 Proteines i 3 acids nucleics per permetre
la divisi6 cel-lular.

c) Adipocit: Has de tenir sempre 6 lipids en reserva.

d) Neurona: Has de sintetitzar 3 Carbohidrats i 2 Lipids per fabricar
neurotransmissors.

2. Fes 3 apats (Esmorzar, Dinar i Sopar). A cada apat has de fer ingesta d’una
biomolécula de cada tipus (1 CH, 1 Lipid, 1 Proteina, 1 Acid Nucleic) i fer el cicle
Digestid-Catabolisme-Anabolisme tenint en compte els requeriments del teu tipus
cel-lular.

Condicions de supervivéncia cel-lular:
e Com a minim heu de tenir 6 unitat d’energia disponibles
e Com a maxim podeu tenir 16 unitats de CO2
e Heu de mantenir el Nitrogen lliure entre 8 12 U

3. Reflexioneu:

Observeu el contingut de la vostra cél-lula i compareu-la amb els altres tipus de cel-lula. Mira
els metabolits que hi ha a cada cas: son diferents? Per que? Que passaria si les cel-lules
poguessin intercanviar-se biomolécules o bioelements després de cada ronda?

Si sobrevius: 3 punts de vida. Si no: perds 2 punts de vida



Reflexid individual

Individual: Assegura’t d’usar dibuixos o alguna representacié i el |éxic per a completar aquest
apartat. Fes-ho a ma i insereix la fotografia.

El que hem fet....

El que ha passat...
El que aixo significa és que/aixo té relacié amb quan...

CO, + H,O0 + —> C,H,,0, + O,

(Dioxid de Carboni) + Aigua + = Cadena de Carbonis + Oxigen

Idees clau:

* Alguns bioelements sén essencials pero poden ser toxics si els nivells dins la cel-lula
son massa elevats.

* Les cél-lules amb diferents funcions tenen necessitats metaboliques diferents.

* Les cél-lules intercanvien biomoléecules i bioelements entre elles per satisfer les seves
necessitats metaboliques



Modul 3: Catabolisme i Anabolisme (III): Dieta

En aquest modul, tots els equips son cel-lules no especialitzades, de persones diferents que
duen a terme dietes diferents. Heu d’aconseguir que les cel-lules d’aquestes persones tinguin
qguantitats equilibrades de cada Biomolecula. Tindreu exigéncies especials, aixi que
treballareu conjuntament amb un altre equip posant en comu les peces de les vostres caixes.

Grup 1
o Aliments rics en proteines, greixos, vitamines
i sals minerals. Son els lactis, com ara (a llet
els seus derivats.

Grup VII Grup II

Aliments rics en lipids, Aliments molt proteics,
com ara els olis, com ara la carn, el peix
d'origen vegetal, i els i els ous.

greixos, d'origen

animal.

Grup VI

Aliments compostos { -

majoritariament per (6] , © Gupm

glacids i que tenen
poques proteines i sals
minerals, entre els quals
hi ha el pa, la pasta, els
cereals, el sucre i els
dolgos.

Aliments energétic
rics en glicids,
proteines vegetals
i sals minerals, cor
ara els tubercles, €
llequms i la fruita
seca.

Grup V Grup IV
Aliments rics en vitamines, minerals, aigua Aliments amb un alt contingut en
i fibra, a més de glicids, perd pobres en aigua, fibra alimentaria, vitamines
greixos i proteines, com ara la fruita i els i minerals, com ara la verdura i les
seus derivats. hortalisses.

INSTRUCCIONS

1. Preparacid: Cada equip segueix una dieta diferent, per cada Ingesta (apat), les
biomoléecules seran les seglients:

a) Dieta Ultra calorica: 2 Carbohidrats, 2 Lipids.

b) Dieta Ultra proteica/Paleo: 2 Carbohidrats, 2 Proteines.
c) Dieta Hipocalorica: 2 Proteines, 2 Acids Nucleics.

d) Dieta “Depurativa”: 2 Acids Nucleics, 2 Carbohidrats.

2. Feu 3ingestes (Esmorzar, Dinar i Sopar) Mantenint les condicions de supervivéncia

gue hem citat en I'etapa anterior.

Reflexioneu: Observeu el contingut de la vostra cél-lula i compareu-la amb els altres tipus de
dieta. Mira els metabolits que hi ha a cada cas: sén diferents? Per qué? Hi ha cél-lules mortes?
Per qué? Si totes les cel-lules tenen la mateixa dieta es soluciona el problema si intercanviem
molécules? Per que? Quines cél-lules del modul 2 estarien més afectades per aquestes dietes?
Quines malalties esperarieu que tinguessin aquestes persones?

3. Sisobrevius: 2 punts de vida. Si no: perds 3 punts de vida



Reflexid individual

Individual: Assegura’t d’usar dibuixos o alguna representacié i el |éxic per a completar aquest
apartat. Fes-ho a ma i insereix la fotografia.

El que hem fet....

El que ha passat...
El que aixo significa és que/aixo té relacié amb quan...

CO, + H,O0 + —> C,H,,0, + O,

(Dioxid de Carboni) + Aigua + = Cadena de Carbonis + Oxigen

Idees Clau:

* Les dietes han de tenir en compte, no només les necessitats d’energia i Carboni, també
la resta de bioelements.

* Una deficit cronic, pero també un excés cronic tant de biomolecules com de
bioelements, dificulta tant la supervivéncia com el bon funcionament cel-lular.

» Algunes cél-lules es veuen afectades abans que altres per les limitacions de les dietes.



Modul 4: Respiracio i Fotosintesi

Les cel-lules vegetals parteixen de dioxid de carboni per a sintetitzar cadenes de carboni usant
I’energia solar, en el que s’Tanomena reaccio de Fotosintesi. A partir d’aquestes cadenes de
carboni la planta sintetitzara després la resta de biomolecules combinant-les també amb els
bioelements que absorbeix per les arrels.

\\é{ \"+9—>a+‘
.

— = vl
2 & w o~ dioxid de
"/, ) \‘\ _ Ay carboni ..
O Ao e : 3 / oxigen + R .&‘
BRI : = o7 O,
saba
saba
s ./"7. = iT
S / " Q\ sals minerals (Dioxid de Carboni) + Aigua + - Cadena de Carbonis + Oxigen

Sou una cél-lula vegetal (Map2). INSTRUCCIONS

1. Fotosintesi: Amb I’energia de la llum del Sol has de construir els 4 tipus de biomolécules. En
el Cloroplast (zona de Fotosintesis) absorbiu 4 molécules de CO2 de I'atmosfera i recupereu 8
peces d’energia per construir 4 carbohidrats. Allibera I'oxigen que et sobra. Transporta el
Carbohidrat sintetitzat al Citoplasma.

2.Biosintesi: (ALERTA! No pots passar energia lliure del Cloroplast al Citoplasma, només
I’energia incorporada en els Carbohidrats).

Fes servir les biomolécules per sintetitzar lipids. Ara intenta fer proteines i acids nucleics. Que
ha passat?

Els bioelements essencials com el S, N o P no es poden obtenir de I'atmosfera pero si a través
de les arrels.

Agafa peces de cada bioelement (S,P, N) i intenta sintetitzar una biomoléecula de cada tipus
(Carbohidrat, Lipid, Proteina, Acid Nucleic).

Intenta fer els passos 1 i 3 tantes vegades com necessitis. Si no pots o no compleixes les
condicions de supervivéncia, la cel-lula ha mort.

3. Reflexiona: Quins han estat els resultats? Que ha passat amb el CO2? Quin és el balang entre
I’oxigen i el dioxid de carboni? Per que? Que passa amb I’'energia? D’on venen els carbohidrats
i I'energia?

4.De nit: Els cloroplasts no poden fabricar carbohidrats amb I’energia del sol. Intenta obtenir
energia del citoplasma. Que passa ara? Per que? S'assembla a la reaccié del pas 1?



5.50l poc fertil: Que passaria si les plantes creixen en un terra amb poc N?

6. Expligqueu els vostres resultats d’aquestes dues gliestions fent servir els conceptes Autotrof,
Heterotrof, Anabolisme, Catabolisme, Respiracid oxidativa, Fotosintesis.

Si sobrevius: 1 life points. Si no: perds 4 life points
Reflexid individual

Individual: Assegura’t d’usar dibuixos o alguna representacié i el |éxic per a completar aquest
apartat. Fes-ho a mai insereix la fotografia.

El que hem fet....

El que ha passat...
El que aixo significa és que/aixo té relacié amb quan...

’ + © — & + ‘
%% + @ — ¢ + @
CO, + H,O0 + —> CH,0, + O,

(Dioxid de Carboni) + Aigua + = Cadena de Carbonis + Oxigen

Idees Clau:

e Les plantes son els productors de |'ecosistema perqué transformen el carboni
inorganic (CO2) en carboni organic (Carbohidrats).

e Les plantes no agafen energia del Sol, ho fan de les biomolecules que fabriquen amb
I’energia del Sol.

e Les arrels absorbeixen bioelements essencials per construir totes les biomolecules.



Modul 5: Producte final: Cas

Analisi de 3 casos de nutricid (Individual). Com respondries/explicaries/justificaries Assegura’t
d’usar dibuixos o alguna representacid i el léxic per a completar aquest apartat. FES-HO A MA i
INSEREIX la FOTOGRAFIA.

Simbolica ' + > —_— é + ‘

Molecular .0. + vQ ’ —> @ + ..

Empirica c02+ HZO+ —_> C6H1206 + OZ

Lingiiistica

(Dioxid de Carboni) + Aigua + = Cadena de Carbonis + Oxigen
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Modul 6: Reflexio final

Torna’t a plantejar ara els 3 casos anteriors i planteja’t si amb algun altre sistema de
representacio pots explicar-ho millor.

Sistemes de representacio:

Simbalica ’ i e — ‘ + !

Molecula i + ~

Empirica COZ+ H20+ATP e C6H1206 + 02

Lingiiistica

(Dioxid de Carboni) + Aigua + Energia = Cadena de Carbonis + Oxigen




Guia didactica, Credits, Llicencies i Contacte

Aquesta activitat ha estat desenvolupada per Jordi Doménech @jdomenechca
jdomend4@xtec.cat , professor d'Educacié Secundaria de I'Institut Marta Estrada (Granollers,
Barcelona, Espanya).

La versié original d'aquesta activitat s'ha construit a #betacamp19, partir de la qual s’han anat
generant successives versions millorades. Aquesta versié n’és la quarta (09/01/2022).

Per aplicar 'activitat cal disposar d’unes targetes i mapes que es poden trobar, juntament amb
la resta de materials, a: https://app.box.com/s/vtmek8dyqfpp8ynatOthsqq9f6g46bid

Una justificacio i descripcio de la génesi de I’activitat a:
https://blogcienciesnaturals.wordpress.com/2019/09/04/activitat-life-bricks-sobre-

metabolisme-versio-beta/

S’ha publicat un article sobre I’experiéncia, disponible a:

Life Bricks: una experiencia de aprendizaje sobre las bases quimicas del metabolismo
mediante juegos de construccién. Revista Alambique de diddctica de las Ciencias
Experimentales, 106, 55-62. Jordi Doménech-Casal y Anna Marba-Tallada.
https://wp.me/p25seH-Ni

Llicéncia

Aquests materials es comparteixen sota una lliceéncia Creative Commons by-nc-sa 4.0. Podeu
compartir i adaptar-vos amb les condicions segiients: atribucid, usos no |@ @@@|
comercials, compartir igual.

Les imatges de peces de Lego, mapes o programes informatics no estan sota aquesta llicéncia

general i poden tenir la seva propia llicencia.


https://app.box.com/s/vtmek8dyqfpp8ynat0thsqq9f6g46bi4
https://blogcienciesnaturals.wordpress.com/2019/09/04/activitat-life-bricks-sobre-metabolisme-versio-beta/
https://blogcienciesnaturals.wordpress.com/2019/09/04/activitat-life-bricks-sobre-metabolisme-versio-beta/
https://wp.me/p25seH-Ni
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Life Bricks




Proposta de cas

La Livia ha decidit fer-se vegana i
menjar només aliment d’origen
vegetal. Afirma que amb menjar
vegetals en té prou per a obtenir
els aliments que necessita. El
seu germa, en Romul, se’n riu:
“Pero que no ho veus, que de lo
que se come, se cria? Si no
menges la materia de la que esta
feta el muscul, no podras tenir
muscul, per aixo els esportistes
mengen tanta carn”.

La Livia diu que si aix0 fos aixi,
les plantes no serien verdes,
perque “mengen” terra.

Quant valides/certes son,
aquestes afirmacions?




Objectius: En aquesta activitat usareu peces de Lego per a modelitzar com els éssers vius incorporem matéria i energia per a
construir el nostre propi cos. Durant un seguit de passos haureu de tenir cura de la Cél-lula i intentar mantenirla viva. A cada etapa
podeu guanyar o perdre punts de vida. Descobrireu que la vida no és facil. Pero és molt creatival



Life Bricks

#Fotosintesi
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Objectius: En aquesta activitat usareu peces de Lego per a modelitzar com els éssers vius incorporem matéria i energia per a
construir el nostre propi cos. Durant un seguit de passos haureu de tenir cura de la Cél-lula i intentar mantenirla viva. A cada etapa

podeu guanyar o perdre punts de vida. Descobrireu que la vida no és facil. Pero és molt creatival



Life bricks

| rrparica

Linguistea

(Diéxid de Carboni) + Aigua + | /= = Cadena de Carbonis + Oxigen

Resolucioé de Casos:
Cas nimero 1
Cas numero 2
Cas numero 3

Objectius: En aquesta activitat usareu peces de Lego per a modelitzar com els éssers vius incorporem matéria i energia per a
construir el nostre propi cos. Durant un seguit de passos haureu de tenir cura de la Cél-lula i intentar mantenirla viva. A cada etapa
podeu guanyar o perdre punts de vida. Descobrireu que la vida no és facil. Pero és molt creatival




Que aprendrem?

Com es representen les substancies quimiques i els seus tipus (Biomolecules)
Com es transformen les substancies en la nutricio (catabolisme i anabolisme)

Com circula la materia i 'energia en els ecosistemes

La relaci6 entre la dieta i funcionament dels éssers vius (Bioelements)
El significat molecular de la respiracio i la fotosintesi
Escriure un text justificatiu

Dominar bé el lexic especific de la UD



Com sabrem si ho hem apres?

Quest 1 Quest 2

T |

Dossier

% .
Dossier

+ 0 — + ‘
— ‘ Resolucié de Casos:
(N + A _..x%»f % Cas numero 1
Cas numero 2
€O, 4+ HO+ i — CgHy,0, + O, Cas numero 3
(bl e Carbani) » Algus P Cadona e Covhoniv + Ouiges

l

Resolucions dels casos



Espais | recursos

* Moodle

Tots els materials son sempre al Moodle

Totes les activitats/tasques es presenten sempre
al Moodle.



Lexic:

. \ Digestio Dioxid de Carboni
Blor.noleculal | Absorcié (CO,)
Carbohldra"t/Gluad Intercanvi Autotrof
,P1Tote1na. Catabolisme Heterotrof
\LlPld/ Gre1>.< Anabolisme
Acid Nucleic Metabolisme
Bioelements . .
Homeostasi
Carboni (C) .,
. Respiracio
Nitrogen (N) Fotosintesi
Sofre (S) ., l :
\ Excrecio : g
Fostor (P) Cellula |
Cadenes de carboni : . R
bori Oredni Citoplasma 5 :
Carboni Organic Oxigen (O,)
Carboni inorganic




Competencies que desenvoluparem

* Indagacio (2,6). Fer servir el coneixement
cientific per interpretar i fer prediccions. Saber
fer recerques i participar en processos de
creacio del coneixement cientific.

e Salut (14) Adoptar habits d’alimentacié
variada i equilibrada que promoguin la salut i
evitin conductes de risc, trastorns alimentaris i
malalties associades



LIFE BRICKS 2.1
Students’ Guide

*V

Life is a dynamic process where energy and matter make possible very
particular chemical structures: the living beings. This is a complex
process of transformation molecules to get energy, to build or
regenerate parts of our body. During several steps you will take care of a
Cell and try to keep your cell alive. You will discover that life is not easy.
But it’s creative!

Students ‘names

This card is part of the materials of the activity “LifeBricks” Materials of the activity and Didactic
Guides are available for its download at: https://bit.ly/2ZksPOp




LIFE BRICKS

Module 0: Explore the materials

1. Observe the materials
inside the box and the
represented types of
basic pieces (Inventory
card) and organic
biomolecules
(Carbohydrate, Lipid,
Protein, Nucleic Acid).

2. Observe the Maps
Mapl and Map2 and
discuss the terms
(Catabolism, Anabolism,
Photosynthesis...).

Qrganic CarbonChaln
Nitrogen Group
Sulphide Group
Onyzen

Phosghate Group

Hidrogen

L ETX 1Y) Y

Energy/ Reductive
Power [ATP/ NADPH)

This card is part of the materials of the activity “LifeBricks” Materials of the activity and Didactic
Guides are available for its download at: https://bit.ly/2ZksPOp




LIFE BRICKS

Module 1: Catabolism and Anabolism (l):
Homeostasis

1. Use Map 1. Analyse its compartments and elements and discuss about its
meaning. Build one organic biomolecule of each type (Carbohydrate, Lipid,
Protein, Nucleic Acid). Get some Oxygen pieces on the Map and close the
box.

2. Ingestion: put the Biomolecules on the Map 1 digestive tract and initiate
partial digestion (disassemble Carbon Chains one from another, but not
other pieces).

3. This smaller Digested Biomolecules can be absorbed and distributed
(through blood system) to the Cells. Inside the cells, Catabolism initiates as
Respiration with total digestion of the biomolecules. Disassemble
(Catabolism) the molecules to its units. Take into account that each “Energy”
piece you set free has to be substituted on the corresponding Carbon piece
by an Oxygen piece (this is called Cell Respiration).

Carbon Chain + Oxygen -2 OxidizedCarbonChain +cnergy + H,0

3. Try now to build (Anabolism) at least 2 organic biomolecules. You cannot use
Oxidized Carbon Chains (CO,) for Anabolism. You can “rescue” Oxidized
Carbon Chains (CO, ) by quenching its Oxygen by a free Energy piece (losing an
Energy piece).

4. Which is the result? What happened with Carbon Chains? What about Energy?
What will happen with units that are not used to construct new
biomolecules?

5. Try now to do again the process. Do not add new biomolecules to the cell.
Work only with those contained inside. What happens now? Explain your
results using the concepts Anabolism, Catabolism, Cell Respiration.

If you success: 3 life points

This card is part of the materials of the activity “LifeBricks” Materials of the activity and Didactic
Guides are available for its download at: https://bit.ly/2ZksPOp




LIFE BRICKS

Module 1: Catabolism and Anabolism (l):
Homeostasis

(\ )

What we did...

What happened...

What it means....

Key ideas:
All living organisms are build by similar chemical “pieces” (biomolecules).
Different biomolecules are formed by different ratios of essential bioelements.
Obtaining energy by respiration from organic biomolecules generates a loss of
carbon chains as oxidized Carbon.

This card is part of the materials of the activity “LifeBricks” Materials of the activity and Didactic A6 ‘ é 'C:).
Guides are available for its download at: https://bit.ly/2ZksPOp Seeliieeslii:




LIFE BRICKS

Module 2: Catabolism and Anabolism (Il):
Cell Specificity

Now you will try to get different kinds of cells alive. Take into account the
following survival conditions (regardless ot the Cell type): a minimal energy (6
U) and maximal Oxidized Carbon Chains (CO, = 16 U) units per cell and an
amount of free N between 8 and 12 U) Cells not getting this conditions will
Die.

1. Build 3 molecules of each type (3 Carbohydrate, 3 Lipid, 3 Protein, 3
Nucleic Acid).

2. Select which kind of cell your team is:

a) Muscle Cell: you have to synthesize 2 Carbohydrates and 3 Proteins
available for muscle contraction.

b) Epithelial Cell: you have to synthesize 3 Proteins and 3 Nucleic Acids
available for cell division.

c) Adipocyte: you have to stock energy as 6 Lipids.

d) Nerve cells: you must synthesize 3 Carbohydrates and 2 Lipids to
synthesize neurotransmissors.

3. Round 1 (Breakfast): Ingest 1 biomolecule of each (1 Carbohydrate, 1 Lipid,
1 Protein, 1 Nucleic Acid) and Perform a Catabolism-Anabolism Cycle
taking into account your cell-type requirements.

4. Round 2 (Lunch) : Ingest 1 more biomolecule of each and perform second

Catabolism-Anabolism Cycle taking into account your cell requirements.
You can use remaining metabolites from the first cycle.

5. Round 3 (Dinner): Ingest 1 more biomolecule of each and repeat step 4.

6. Observe the content of your cell and compare it with your other
classmates that have different cell types. Take a look at the metabolites in
each case: are they different? Why? What would happen if Cells were
allowed to exchange Biomolecules or Bioelements after each Round?

If you success: get 3 life points. If not: lose 2 life points

This card is part of the materials of the activity “LifeBricks” Materials of the activity and Didactic
Guides are available for its download at: https://bit.ly/2ZksPOp




LIFE BRICKS

Module 2: Catabolism and Anabolism (Il):
Cell Specificity
@ )

What we did...

What happened...

What it means....

Key ideas:
. Some bioelements are essential but can be toxic when excessive levels.
*  Cells having different funtions have different metabolic needs.

* Cells exchange biomolecules and bioelements with other Cells and the media to
get their metabolic needs.

This card is part of the materials of the activity “LifeBricks” Materials of the activity and Didactic
Guides are available for its download at: https://bit.ly/2ZksPOp




LIFE BRICKS

Module 3: Catabolism and Anabolism
(111): Diet

In this module, all the teams will be again “standard” cells, so needing to
synthesize equilibrated amounts of each Biomolecule kinds. As you will be
following special demands, work together with another team, putting in
common the pieces form your boxes.

1. Each team will follow a different diet, so for each Ingestion,
biomolecules will be the following:

a) Ultracaloric Diet: 2 Carbohydrates, 2 Lipid.

b) Ultraproteic/Paleo Diet. 2 Carbohydrate, 2 Proteins.
c) Low-Energy Diet: 2 Protein, 2 Nucleic Acid.

d) “Depurative” Diet: 2 Nucleic Acid, 2 Carbohydrate.

2. Make 3 Ingestions (Breakfast, Lunch, Dinner) trying to Keep the survival
conditions and synthesizing the 4 different kinds of biomolecules.
Survival Conditions: a minimal energy (6 U) and maximal Oxidized
Carbon Chains (CO, = 16 U) units per cell and an amount of free N
between 8 and 12 U) (regardless ot the Cell type). Cells not getting this
conditions will Die.

3. Observe the content of your cell and compare it with your other
classmates that have different cell types. Take a look at the metabolites
in each case: are they different? Why? Are there dead cells? Why? If all
of the cells have the same diet, would the problem be solved as in the
previous step, exchanging bioelements or molecules? Why?

4. Which cell kinds from Module 2 would suffer the more each of these
diets? Which are the expectable diseases?

If you success: get 2 life points. If not: lose 3 life points

This card is part of the materials of the activity “LifeBricks” Materials of the activity and Didactic
Guides are available for its download at: https://bit.ly/2ZksPOp




LIFE BRICKS

Module 3: Catabolism and Anabolism
(111): Diet

(w )

hat we did...

What happened...

What it means....

Key ideas:
* Diets have to take into account not only energy and Carbon Chains, but also
bioelements.

* Chronical lack, but also chronical excess of biomolecules or bioelements, put it
difficult for cells to survive or work properly.
* Some cells will be affected before others when diet limitations.

This card is part of the materials of the activity “LifeBricks” Materials of the activity and Didactic 16 | e ic:)
Guides are available for its download at: https://bit.ly/2ZksPOp -




LIFE BRICKS

Module 4: Respiration and Photosynthesis

(in this Module, use Map 2). You are now a Vegetal Cell. You are not Ingesting,
so as a first Step, you have to make Photosynthesis.

1. Using sunlight as a source of energy to build basic organic carbon chains. In
the chloroplast (Photosynthesis zone) absorb 4 molecules of Carbon dioxide
(coming from atmosphere) and recover 8 Energy pieces (coming from the
sun) to build 4 Carbohydrates. Release excess Oxigen.

OxidizedCarbonChain + energy + H,0 = Carbon Chain + Oxygen

2. Transport the Carbon Chains you synthesized to the Cytoplasm. Try to
synthesize Lipids. You cannot pass free Energy Units from Chloroplast to
Cytoplasm, only Carbon Chains with one Energy Unit on each.

3. Try now to use biomolecules to synthesize Proteins and nucleic acids. What
happens?

4. Essential Bioelements as S, N, P, are not obtained from atmosphere, but
from roots. Take pieces of each bioelement (S,P, N) and try to synthesize
one biomolecule of each type (Carbohydrate, Lipid, Protein, Nucleic Acid).
Redo steps 1 and 2 as much as you need. If you don’t get to it, or exceed
the survival conditions, your cell will die.

5.  Which are the results? What happened with Carbon Dioxyde? Which is the
global balance in Oxygen and Carbon Dioxyde? Why? What about energy?
Where are Carbon chains and Energy coming from?

6. Now it’s Night and no Energy units from light are getting in the Chloroplast.
Try to do your best to get more energy in the cytoplasm.

7. What happens now? Why? Is this similar to the reaction on Step 1?
8. What will happen with plants growing on low-N soils?

9. Explain your results from questions 7 and 8 using the concepts Autotroph,
Heterotroph, Anabolism, Catabolism, Oxidative Respiration,
Photosynthesis.

If you success: get 1 life points. If not: lose 4 life points

This card is part of the materials of the activity “LifeBricks” Materials of the activity and Didactic

Guides are available for its download at: https://bit.ly/2ZksPOp




LIFE BRICKS

Module 4: Respiration and Photosynthesis

fWhat we did... )

What happened...

What it means....

Key ideas:
Plants are the Ecosystem converters of Inorganic Carbon into Organic carbon chains.

Plants don’t get energy from the Sunlight, they get energy from the biomolecules
they build with energy Sunlight.

Roots collects essential bioelements to build different kinds of biomolecules.

This card is part of the materials of the activity “LifeBricks” Materials of the activity and Didactic A6 ‘ é 'C:).
Guides are available for its download at: https://bit.ly/2ZksPOp Seeliieeslii:




LIFE BRICKS 2.1
Didactic Guide

1.Preparing the Materials

2.Depeloping the activity
3.Key Ideas an Further developments

4.Credits, Licenses and Contact

This card is part of the materials of the activity “LifeBricks” Materials of the activity and Didactic
Guides are available for its download at: https://bit.ly/2ZksPOp




LIFE BRICKS

1.Preparing the materials (1)

To develop the activity, you have to prepare a LifeBricks Kit for each team (3-4 students per team). This

include:

Printable materials (available to download at https://bit.ly/36TfJIL

Students’ Guide LifeBricksMaps LifeBricksCards

Instructions for students. You | (printin A3 and plasticize as Cards to print and plasticize
can use it with your students playboards)
in printed or digital format

Lego pieces.
A set of 157 different Lego pieces are needed for

each team. A descripcion of the pieces needed is
available at the next page. To stock the materials
as kits (toghether with the LifeBricksLabels
students have to use as a reference), I've used old
VHS video covers, as you can see in the photo
One kit (pieces to build 3 biomolecules of each
kind) can easily fit in one video cover. It’s useful to
give each video cover an identification number
and ask students to make an inventory of pieces
before and after the activity. LifeBricksCards
document provide specific cards for it. Lego pieces
get easily lost, so it's a good idea to have
additional pieces to replace it.

to distribute together with
Lego pieces




LIFE BRICKS
1.Preparing the materials (2)

You can buy lego specific bricks through the

Lego site, where you can find also the codes for This box contains the following materials:
each different brick. https://www.lego.com/es- S —————————————————
es/page/static/pick-a-brick
39x ‘ Organic Carbon Chain

I’'ve built the KitConstitution document 15x ‘ Nitrogen Group
specifying the number of pieces, codes of each )

. . . . 6x ﬁ Sulphide Group
piece to build a whole kit, in a way that allows
you to calculate the total number of each piece 24x . Quigen,
and the total price for a given number of kits, 9x . Phosohate Group
and. furnish the Lego piece codes tF) buy it. It's 20 R idrogen
available to download at https://bit.ly/34EvPUS

e

24 % Energy / Reductive
\ Power (ATP / NADPH) J

Life Bricks Activity description and tasks available at https:/bit.ly/2ZksPOp |
Number of kits (x)* 10 | |
Piece kind Appearance an colour™ Pieces for 1 kit Pieces for x kits Lego Code Price for one piece (E)*** Price for x kits (E)
Carbon 1x4 black ’ 39 390 301026/3010 0,16 62,4
Nitrogen 1x3 blue ' 15 | 150 | 362223/3622 0,15 22,5
Phospor 1x1 violet ® 9 90 6022035/3005 0,07 6,3
Sulfur 1x2 yellow & 6 60 6003003/3004 0,11 6,6
Oxygen 1x2 red & 24 240 300421/3004 0,11 26,4
Energy 1x1 green plate (-] 24 240 6109808/6141 0,06 14,4
Hydrogen 1x1 white e 30 300 300501/3005 0,07 21
Total price for 1 kit 15,96 €
Total price for X kits ‘ 159,6 ¢

Virtual Blocking

If you prefer not to buy Lego Pieces, you can also
develop the activity in the Lego Digital Designer
program, Free to download at:

MODULAR

https://lego-digital-designer.en.softonic.com/

Please note that the download site is not the Lego
site, as Lego has discontinuated the updates. Be
careful when downloading not to click on additional
downloads from softonic.

Anyway, I'd advice you to develop paper “touchable”
pieces rather than use virtual Lego, as it implies two
symbolization steps (Lego and virtual).




2.Developing the activity

The activity is composed by 5 Modules. First of all ( ), give to students (in teams of 3-4)
the materials (Lego pieces, Cards and Maps) and make them familiar with the materials and
Pieces. Get with them agreements to make possible that at the end of the activity students
collect and store all the pieces. Discuss with them the meaning of each piece or organic
biomolecule.

From this point, follow each of the Modules 1,2,3,4 in the proposed order, as in the Students’
Guide. Each activity deal with some key ideas written on the bottom of each activity proposal.
Make sure students understand the key of an activity prior to begin the next activity. To this end:

1) Ask them to get a consensus to complete the questions (What we do, What happened , What
does it mean...).

2) Make a general dialogue with the whole group between Modules.

In students are asked to build biomolecules from previously catabolized biomolecules,
and they will observe a global loss of carbon as carbon dioxyde, so they can’t build the same
number of biomolecules.

In each team represent to be a different kind of cell, thus having different priorities
when trying to build biomolecules. As a result, each team will experience different metabolic
difficulties (lack of energy, excess of N), and students will discover that cells can exchange
products to overcome some of these difficulties (make sure that at the end of the class, each box
have the correct number of pieces).

In each team represent again a “standard” cell, but each of them have a different diet.
Again, this will result in metabolic difficulties, different for each diet. It’s important to underline
during the discussion the role of essential elements and total energy for a diet.

In , students use a different map to reproduce a Photosynthesis process. There is a
step when “night” mode is activated, so the plant gets energy only by catabolising the carbon
chains synthesised during photosynthesis in the “light” mode. Make sure students understand
that the main differences of plants are the source of carbon chains (photosynthesis instead of
organic matter from other living beings) and the source of essential bioelements (soil and roots
instead of organic matter from other living beings).



3.Key ideas and further depelopment (1)

During the activity, some are used.

Energy (ATP) and “Reductive Power” (NADH or FADH) are both represented by the same green
“Energy” piece and situated on a black Carbon Chain piece. “Energy” pieces can be obtained by
de-building organic biomolecules, and resulting in Oxidized Carbon Chains (substituting green
“Energy” pieces by red Oxigen Pieces), representing Catabolism. Oxidation of other compounds is
not considered in this simulation.

Oxidized Carbon Chains can be rescued by consuming “Energy” pieces , this representing the
reductive nature of the “Energy” pieces and the anabolic “Gluconeogenesis” metabolic pathway.

The different kinds of biomolecules are represented by different ratios of Carbon Chains, energy
and Bioelements. Carbon chains are represented by black short pieces to make it easier to build
the molecules. Hydrogen white pieces are not used in the current designed activity, the black
pieces represent reduced Hydrogen-Carbon Chains as a whole. The biochemical behaviour of the
resulting biomolecules is not exact, but some differences have been set between different kinds:
1) Both Carbohydrates and Lipids are formed by Carbon Chains and Energy, but Lipids catabolism
will result in higher levels of energy and Carbon oxidation (Carbohydrates are more useful for
Anabolism). Both Proteins and Nucleic Acids have lower “Energy” content, but Proteins contain a
richest diversity of bioelements. This has been done to reproduce the different needs for the
anabolism of different biomolecules (it is not possible to build Proteins or Nucleic Acids strictly
from Carbohydrates or Lipids). Carbon dioxide (black and red assembling) and nitrogen (blue
pices) are toxic products that have to be driven to the excretion zones (lungs and kidney).

Make attention to some that the activity can promote:

-The activity is ambiguous in relation to the identity of biomolecules or bioelements with atoms.
For example, black pieces represent a Chain of unspecific number of Carbon and Hydrogen
atomes.

-The activity implies a structural homogenization, as reduces biomolecules to 4 types as
standards with no hybrid natures. This is a simplification that have to be addressed. For example,
students could understand that all the proteins are identical, or that proteins and lipids have
similar sizes, or that there are not hybrid biomolecules (glucolipids...).



3.Key ideas and further depelopment (2)

Further development

Some metabolic dynamics could be developed, as metabolic diseases, respiration rates,
fermentation,... The bricks can be used also for organic chemistry and inorganic chemistry
activities, interpreting each brick as an atom and not a group, following the CPK convention

colours for molecular modelling. Brick sizes have been set also to allow this Inorganic Chemistry
application of the materials, reproducing the main valences (4 for Carbon atoms, 2 for Oxygen
and Sulfur, 3 for Nitrogen, 1 for Hydrogen). Some examples of possible “ChemBricks” cards are
available together with the rest of the materials.

You might want to develop other Activities with the materials. It’s important to calculate
previously if the proposals will be feasible in terms of available carbon chains, energy and
essential bioelements. You will find an Excel file “Scenarios Calculations” designed to calculate
the possible metabolic scenarios when you change the initial conditions, and the need of pieces
for each proposal. Available here: https://bit.ly/2K7MHLR

Biomolecules ingestion Biomolecules ingestion

|Set here what your Cell get from ingestion arbonydrates 2 arbonydrates 2 arbohydrates
Lipids 0 Lipids 0 Lipids 0
Proteins 0 Proteins 0 Proteins 0
Nucleic Acids 2 Nucleic Acids 2 Nucleic Acids 2
Oxygen 24 18 12

Catabolism Catabolism Catabolism

Here you get the results from total Catabolism C 6 (¢} 6 o 6
|of this Step N 4 N 4 N a4
P 4 P 4 P 4
S 0 S 0 S 0
E 6 E 6 E 6
Cco 6 CcO 6 CcO 6
Cco2 0 CO2 0 CO2 0
Oxygen 18 Oxygen 12 Oxygen 6

Here, what remains after anabolism C 2 C 2 C 6
N 4 N 5 N 7

P 4 P 7 P 9

S 0 S 2 S -2

E 4 E 5 E 10

CcO 6 Cco 12 co 18

Co2 0 Co2 0 C02 0

Oxygen 18 Oxygen 12 Oxygen 18

Anabolism

|Here biomolecules you try to synthesize arbohydrates arbohydrates
| Lipids Lipids 1 Lipids
Proteins Proteins 1 Proteins
Nucleic Acids Nucleic Acids Nucleic Acids 1
d00 O dDO O A d00 O
C 4 6 2
N 0 3 2
P 0 1 2
S 0 2 0
E 2 ] 1




4.Credits, Licenses and Contact

Credits and Contact

This activity has been developed by Jordi Doménech @jdomenechca jdomen44@xtec.cat ,
Secondary Education teacher at Institut Marta Estrada (Granollers, Barcelona, Spain).

The original version of this activity has been built at #betacamp19 and further developed.

All the materials are available to download at:
https://app.box.com/s/vtmek8dyafpp8ynatOthsqq9f6g46bid

License

These materials are shared under a Creative Commons License by-nc-sa 4.0.

You are free to Share and Adapt under the following terms: Attribution, Non Commercial Uses,
Share Alike.

Images from Lego pieces, Maps or informatic programs are not under this general License and
could have their own License.

This is a Third-Version (2.1) of the activity. The activity has been tested and you are welcome to
participate and send your modifications/additions ( jdomen44@xtec.cat ) that if you agree |
could eventually add to the materials citing you.




LIFE BRICKS 2.1

THE FOLLOWING SLIDES HAVE TO BE PRINT
DOUBLE-SIDED, CUT AND PLASTICIZED

This card is part of the materials of the activity “LifeBricks” Materials of the activity and Didactic
Guides are available for its download at: https://bit.ly/2ZksPOp




Carbohydrates

*High energy compounds,
slow metabolism.

*Form polymers as fats or oil,
structural (membranes).
*Present in meat, butter, fish,
and nuts.

*Some are vitamins.

°Fast and Easy-to use
source of energy.
*Form polymers as
glycogen or starch.
*Present in Cereal and
tubercles.

CeH1206

4x'

2 x Q

C7H1302

Nucleic Acids

*Low energy
compounds source.
*Contains the genetic
information.
*Composed by
Nitrogen bases and P.
*Present in all organic
sources.

c20H36034N1P2

2 x '
g
i
©

*Low energy compound
source, structural and
signaling funtions.
*Composed by amino acids,
forming peptides.

*Present in meat, fish, eggs
A o and vegetables.
""‘/(!‘,'ﬁiz/%:li 'Rich in Bioelements (P,S,...)

c20H42032N2P151

@

3x

@
> B
©
e

07 "OH

2X

2X
1x

1x
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Inventory

This box contains the following materials:

’ Organic Carbon Chain
’ Nitrogen Group

6 x a Sulphide Group
24 x ‘ Oxygen

9 x . Phosphate Group
30 x ? Hidrogen

24 x ’ Energy / Reductive
Power (ATP / NADPH)
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Team Team
Inventory Tracking Inventory Tracking

Lacking Pieces m Lacking Pieces m
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Inventory Tracking Inventory Tracking

Lacking Pieces m Lacking Pieces m
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Set here what your Cell get from ingestion

Here you get the results from total Catabolism
of this Step

Here, what remains after anabolism

Here biomolecules you try to synthesize

Life Bricks

Carbohydrates
Lipids
Proteins
Nucleic Acids
Oxygen

C
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CO
CO2
Oxygen
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Breakfast

Biomolecules ingestion

o O OO N W U
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Lunch
Biomolecules i
Carbohydrates

Lipids

Proteins

Nucleic Acids

Catabolism Catabolism

C
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CO
CO2
Oxygen

Avallable metabolites Avallable meta

3
N 5 N
P 3 P
S 2 S
E 4 E
CO 6 CO
C0o2 0 C02
Oxygen Oxygen
Carbohydrates 1 Carbohydrates
Lipids Lipids
Proteins Proteins
Nucleic Acids Nucleic Acids

Anabollc Costs Anabolic Costs




KIT PIECES NEEDED

(if red, means not enough pieces in the Kit)

__ Dimner e

15N
2 Carbohydrates 2 9P
0 Lipids 0 6S
1 Proteins 1
1 Nucleic Acids 1
18 12
7 C 7
5 N 5
3 P 3
2 S 2
6 E 6
6 CO 6
0 C0o2 0
Oxygen
4
7 N 10
5 P 6
2 S 4
5 E 10
12 CcO 18
0 CO2 0
Oxygen 18
Carbohydrates
Lipids
Proteins
Nucleic Acids

Anabolic Costs
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CHEM BRICKS 1.0.

This is only a draft to develop the use of “Life bricks” kits also for Organic
and Inorganic Chemistry activities. Some initial materials are proposed,
but the activity is not yet developed.

This card is part of the materials of the activity “LifeBricks” Materials of the activity and Didactic
Guides are available for its download at: https://bit.ly/2ZksPOp




Not developed, just a proposal for LifeBricks 2.0 Not developed, just a proposal for LifeBricks 2.0

Carbon Dioxyde CO, ¢ Hydrogen Peroxyde H,0,

Nitrogen Trioxide N,O4

-
Water H,0 -
k

_ Ethane C,H, F

Ammoniac NH, a IR
Compounds Compounds

Not developed, just a proposal for LifeBricks 2.0 Not developed, just a proposal for LifeBricks 2.0

Methane CH,

Ethanol C,OH, Glucose CgH1206

Sulphuric Acid H,SO,

2%

Nitric Acid HNO;
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Hojal

Life Bricks Activity description and tasks av

Number of kits (x)* 10

Piece kind Appearance an colour™ Pieces for 1 kit ~ Pieces for x kits Lego Code
Cabon  1x4 black e 39 390 301026/3010
Nitrogen 1x3 blue ’ 15 150 362223/3622
Phospor 1x1 violet [ ] 9 90 6022035/3005
suitur 1X2 yellow & 6 60 UVRVVSTRVVZ
Oxygen 1x2 red & 24 240 300421/3004
Energy 1x1 green plate e 24 240 6109808/6141
Hydrogen 1x1 white v 30 300 300501/3005

NOTES
*1 kit allows to construct 3 representations of each kind of biomolecules (Carbohydrates, Lipids, Proteins, and Nucleic Acids). 1 kit gor each 3+

**Colours have been choosen following the CPK convention
“**As set in the Lego web in 09/2019

Lego web to buy specific pieces
https://www.lego.com/es-es/page/static/pick-a-brick
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Hojal

ailable at https://bit.ly/2ZksPOp

Price for one piece (E)***  Price for x kits (E)

0.16 62.4
0.15 225
0.07 6.3
0.11 0.6
0.11 26.4
0.06 14.4
0.07 21
Total price for 1 kit 15.96 £
Total price for X kits 159.6 £

4 students team is ok.
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