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Bituto de Estudios

TiTULO DE LA TESIS: “Estudios Experimentales sobre el metabolismo de la produccion
de hidrégeno en consorcios de Algas-bactenas’.

En inglés, ‘Experimental Study and Modeling the Metabolism of Hydrogen Production in
Algae-Bacteria Consortia’.

DOCTORANDO/A: Neda Fakhimi

David Gonzalez Ballester, Profesor titular de Bioquimica y Biologia Molecular de la
Universidad de Cérdoba; y Alexandra Dubini, Investigadora distinguida de Bioquimica y
Biologia Molecular de la Universidad de Cordoba,

Informan que:

La presente Tesis Doctoral titulada “Estudios Experimentales sobre el metabolismo de la
produccién de hidrogeno en consorcios de Algas-bacterias”. En inglés, “Experimental Study
and Modeling the Metabolism of Hydrogen Production in Algae-Bacteria Consortia”
realizada por D?. Neda Fakhimi se ha desarrollado en los laboratorios del Departamento de
Bioquimica y Biologia Molecular de la Universidad de Cordoba bajo nuestra direccion.

Esta Tesis Doctoral retine todas las condiciones exigidas segin la legislacién vigente. Su
evolucion y desarrollo ha seguido el plan de trabajo inicialmente previsto, alcanzandose los
objetivos previamente marcados. Durante la elaboracion de la Tesis, el doctorando ha
realizado una labor altamente satisfactoria dentro del grupo de investigacion.

Parte de los resultados obtenidos en esta tesis, han sido publicados en dos revistas
internacionales de reconocido prestigio. Otros resultados estan actualmente en proceso de
publicacion. Ademas, el doctorando ha realizado la tesis en régimen de cotutela con la
Universidad de Teheran.

Por todo ello, se autoriza la presentacion de la tesis doctoral.

Fdo. Alexandra Dubini

Cérdoba, 16 de septiembre de 2019

Firma del/de los director/es



TITULO DE LA TESIS: Experimental study and modeling the metabolism of
hydrogen production in algae-bacteria consortia.

DOCTORANDO/A: Neda Fakhimi

INFORME RAZONADO DEL/DE LOS DIRECTOR/ES DE LA TESIS

{(se hara mencidn a la evolucidn y desarrollo de la tesis, asi como a trabajos y publicaciones derivados de la mismay).

As s supervisor of PhD thesis of Miss Neda Fakhimi, I would like to summarize my
evaluation as following:
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The work demonstrates originality of conception and execution.

The thesis provides a sufficiently comprehensive study of the topic.

The research findings are suitably articulated and accompanied by adequate
exposition.

The thesis as a whole makes an original contribution to the subject with which it
deals, and the candidate understand the relationship of the thesis to the wider
context of knowledge in which it belongs.

The creative work demonstrates a sufficiently high standard of literacy and
performance quality and is presented in a professional manner.

The research questions have been identified and explored through the creative
work, as appropriate.

We had cooperation in publishing three ISI journal papers:
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Acetic acid uptake rate controls H2 production in Chlamydomonas-bacteria,
Algal Research, 42 (2019)

Acetic acid is key for synergetic hydrogen production in Chlamydomonas-
bacteria, Bioresource Technology, 289 (2019)

Improving hydrogen production using co-cultivation of bacteria with
Chlamydomonas ~ reinhardtii  microalga, Materials Science for Energy
Technologies, 2 (2019)

Last but not least, Miss Neda Fakhimi is an enthusiastic, hardworking, and dedicated
young lady. She is consistently successful in improving her skills, and she works hard to

do so.

She has an outstanding potential, diligence and motivation to succeed in her

future academic studies. She also has a friendly personality and is very cooperative
which makes her an excellent team member.



Por todo ello, se autoriza la presentacion de la tesis doctoral.

Cérdoba, (fde ﬂoﬁ%w de 02"/?

Firma del/de los director/es
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TITULO DE LA TESIS: Experimental study and modeling the metabolism of
hydrogen production in algae-bacteria consortia.

DOCTORANDO/A: Neda Fakhimi

INFORME RAZONADO DEL/DE LOS DIRECTOR/ES DE LA TESIS

(se hara mencion a la evolucion y desarrollo de |a tesis, asi comao a trabajos y publicaciones derivados de la misma)

It is my pleasure to write this report about the doctoral thesis of Ms, Neda Fakhimi. As one
of her supervisors, | had the opportunity to be partly involved the design of Neda's work,
which involved extensive analysis of algal-bacterial co-cultures, together with the
application of metabolic models to understand the mechanism of inter-species interactions.
During the course of her doctoral research, | was impressed by her knowledge about the
topic and the precision of her research results, as well as the comprehensive and insightful
discussions on the results. | have read her PhD thesis carefully, and can certainly say that
it is a very well-written scientific work. Moreover, Neda's research studies has been
resulted in three published papers:

Fakhimi and Tavakali (2019) Improving hydrogen production using co-cultivation of bacteria with
Chlamydomonas reinhardti microalga, Matenials Science for Energy Technologies, 2. 1-7.

Fakhimi et al. (2019) Acetic acid uptake rate controls Hz production in Chfamydomonas-bacteria
co-cultures, Algal Research, 42: 101605.

Fakhimi et al. (2019) Acetic acid is key for synergetic hydrogen production in Chlamydomonas-
bacteria co-cultures. Bioresource Technology, 289 121648

Altogether, | believe that Neda certainly has all the required qualifications to obtain a PhD
degree. | personally recommend her PhD work to be graded as the maximum possible
qualification score.

Por todo ello, se autoriza la presentacidn de la tesis doctoral

Tehran, 2 Oct. 2019

AM?( M{I{D‘SIA;

Dr. Sayed-Amir Marashi



ot AT

G =S g S 53 053508 W5 e i (S5ladile 5 (0 25 andllan 16 557> L

To my parents



G =S g S 53 053508 W5 e i (S5ladile 5 (0 25 andllan 16 557> L
(Acknowledgements) 135 § AT

(Acknowledgements)  Jlo a8 g pods

Wﬁﬂ|mﬁasb]ub5‘slfym|)5o GG—‘ Clix paiex )l g A 3 slosal, aslul ;)
5 B Shar 5 005 el Sl ladigh mal olial e plosal; o cole (G925 o)l (IS (o ol

52 98l53 (a Giupledl oLl sl i

aS 6.0.».9.0 S0 ).’;50 Lgl.ﬂ uL..> 9 Lu).e‘.n L»é)..x.o.zo ).‘JSQ Lgl.'é] uL.> ‘Jbl.é A.ul...a‘ )" Oypiadd
el ]y So,08 ¢ Sis JlS oS sleal, 1) oan ailaiaiy ol

GabdCum )" 5 " glailobn cwlbbcam )" ' juw g (55ald" sloolKinle;] o wiliwgs den

ges Sxile ol 4 Shbl i5le § alings sl ol en olos cob " Sawxo

O 30 a5 olyen g laojsel plad ol L d¥ed eumes Wil 0,085 5 Sase Sl Cungo Sl ohs &

oS oo (Sloya8 g S ils il gl g5le Joe
W.SSA @‘0)..).."5 9 )i...a OLM.J‘ Lgo&)')‘ leibk_i‘o.s 9 Lmsam‘) r:Lo.'i 6‘)% °‘>‘3W )150 6LQT )|

(S 50 ST Awd (po ol pad g G Aot A4S g (HLiwgd plod

Thanks to my Spanish family, who ‘always’ gave me support, respect and love!!!

Thanks to my supervisor, Dr. David Gonzalez Ballester for all your support, respect, patience,
motivation and trust. Thanks for teaching me how to ‘think better and bigger’, how to ‘give a
message’. | feel so happy and lucky for being your student.

Thanks to my second supervisor, Dr. Alexandra Dubini, for all your kind support, advices
and motivation. Thanks for teaching me how to ‘improve’, how to ‘make my mind clear about
my future’. You are an example of a successful and determined scientist to follow.

You and David are much more than supervisors to me, and | am always proud of working with
you! Thanks for everything!

Thanks to Prof. Emilio Fernandez Reyes, for all your support, respect and advices. Thanks
for hosting me in your scientific family in your lab. Your smile and calmness always give me a
lot of motivation and positive energy.



G =S g S 53 053508 W5 e i (S5ladile 5 (0 25 andllan 16 557> L
(Acknowledgements) 135 § AT

Thanks to Prof. Aurora Galvan Cejudo, for all you support, respect and kindness. Thanks for
hosting me in your unique science group. | always appreciate and respect your dedication!

Thanks to Maria Isabel Macias Gomez for all your help and patience. Thanks for everything
you taught me, for always being there to help us with your smile.

Thanks to Dr. Angel llamas Azua for all your help and respect. Thanks for teaching me how
to be organized!

Thanks to my Vickie for always always being there, from first to last, in and out of the lab.
You are a great scientist and | always learn from you! Thanks for all your support, motivation and
kindness. You are the true meaning of friendship! | always remember Cordoba with ‘my Vickie’!
As we always say: “nothing can separate us”.

Thanks to Dr. Manolo, for all your support, respect and motivation. Thanks for answering all
my questions with patient, for sharing your knowledge and experience with me and for your kind
discussions!

Thanks to Carmen, the most wonderful vecina, for all you support and kindness in and out of
the lab. You make my life more enjoyable in Cordoba and | never forget your help and
friendliness!

Thanks to Ainoa, the kindest and most energetic scientist, for all your concern and support,
for always being there to listen to me. ‘Eres el mejor profesora de espafiol del mundo!” You are
an unforgettable and pure friend of mine!

Thanks to Aitor, our only brother in the lab, for all your kindness, for always being there to
help me.

Thanks to Chudi, the kind jefa, for all your concern and help. | always appreciate the
motivation you give me to do sport and enjoy my life.

Thanks to Dr. Gregorio Galvez Valdivieso for passing me such an interesting microbial
community. This gift opened a new line of research to me which | hope to be continued!

Thanks to Dr. Alejandro, for all your help and patient, for teaching me how to use the HPLC.

Thanks to Jose Luis for teaching me the basic knowledge of hydrogen production.

039 (yo ol o ol S35 )ly90 ples yo Loyl Slaii § Cusme (e a5 (gol,8l (poslgils I ol o g

il g <l o Glalaojgel wl b oS (gy0y sl jl s 5 p)ls az o oS (oilr Sl ase yog 5l el



G =S g S 53 053508 W5 e i (S5ladile 5 (0 25 andllan 16 557> L
(Acknowledgements) 135 § AT

ole pl 0 aS e )5 i Jeeme 995 A5 Conl aisle 03 iy slaeT w ) Alisle LS g oS o
ol pydy polimles Glinly Sy wiglas 5l (Vs 5 Do b (s yee 5 pames | GLastws L0 o Glos o

el (o S8l 0 25550 39 9l W58 9 oS35 plas

S oo Sy abasd o g 55, 0 1) 65108 a5 g 0k s p93 ke il 5l iese yobe 5l b
Cewl o W (Sl A e (G (2 Sy Aol g pf aS gl ol (Sai; gt g alB g, a5
S Sdiod (55503 p50le o liwlgs sl 55 diglas 5l Vs 9 Dje b pee g pgon | LASLLwS

Il e L8l o 55550 (090 9l 055,84

G198 5 S5 mil Glowd 5 )0 Sy oLty 5 Glistes Ol e Sl il ol 5l pogeg ples L
OLEgd dlirod 13590 o0 mdr 00 ] 4 0 dunal 4 g i g0l 0o JUS )3 (20 5 5T pa LT, (S oS s
Loly o 5l s lidog aduon (6l o)l Kulons 1oasl (o (95,1 Sleiie JBt5ubgs 5 )10
ol Gl (Sons 0 LS 5o (i jgam alaj oS prie Gl p 5 P9k (il 0155 5l 08 pres
Sleiie (B szdig> g p)ls (liwgs ailialss (oS oo (G008 5 ST 00,5 had (g, 5wl @) o

ly doe ,S8 5 Jo Lis cpl 10 &g b aS wigion cdas plipd o ol ai0n wdlgls o> )95 g Gis

Aolg> o Colpy Sy aiglad 5l oo slaiy yigs 9 0,5 s el Cogag 4 died dos .(60,5 (pdg,

!&:;u.d‘ CJA 69),)‘ 6‘ - . ..”n's‘o 5 &8 :' )\)

Ao, BEEBEA— AR R AES - SR DL MBS . ik iR (Y
(BRI A FRARSR !

AR AR IR IR N LAY, FREAFHII ARG, FRAVA AR | BRI N E

o VORGSR SEEE o I EID MR B AR T X SRS LRI . RS IR A7 832
RIVE o (RAEFA R PHFAEE S BRI BAIE » (RFENIIERZ R a s -
o Zp s g IRIEEE | AR —IEAERAE i, FIEK LAIR R RAE | AL
FEH TR E . IRAVSERR AR D R ME— RO | fREFRAEMIIA L, RV ERET
BRHVEREE |



G =S g S 53 053508 W5 e i (S5ladile 5 (0 25 andllan 16 557> L
(Funding ) Jlo lio HIENS” opeol

Funding:

This work was supported by the European ERANETMED program [ERANETMED2-72-300];
the Plan Propio of University of Cordoba [MOD.4.1 P.P.2016 A. DUBINI]; the Spanish
Government [MINECO Grant BFU2015-70649-P], the European FEDER program, Junta de
Andalucia [BIO-502], the European U.E.INTERREG [0055 ALGARED_PLUS 5 E] and the
Biotechnology Development Council of the Islamic Republic of Iran [grant number 950409].



Titulo: Estudio experimental y modelado del metabolismo de la produccién de hidrégeno en consorcios de algas y bacterias
Resumen

Resumen

El hidrogeno molecular (H2) se considera una fuente de energia limpia y de alto contenido
energético. La produccion fotobiologica de H. por algas verdes puede ser un método limpio y
renovable para la generacién de este gas. Chlamydomonas reinhardtii (Chlamydomonas) es una
microalga verde unicelular capaz de llevar a cabo la foto-produccion de H. En este trabajo se
estudia el efecto que la intensidad luminica y diferentes fuentes de carbono y nitrégeno tienen en
la produccion de Hz en co-cultivos de Chlamydomonas con diferentes bacterias. El objetivo
general es obtener un mejor conocimiento sobre cémo las interacciones alga-bacteria pueden
mejorar la produccion de H.. Primero, se estudiaron co-cultivos de Chlamydomonas con diferentes
bacterias (Pseudomonas spp., Escherichia coli y Rhizobium etli) en medios ricos, con acetato
como fuente de carbono y a tres intensidades de luz diferentes (12, 50 y 100 PPFD). EIl aumento
de 0.87 a 18.2 ml de H/L de cultivo fue la mayor mejora en la produccién de H> que se obtuvo
cuando Chlamydomonas se cocultivd con Pseudomonas putida 12264 bajo 100 PPFD. Se
obtuvieron mejoras en la produccion de Hz en co-cultivos respecto a los monocultivos del alga.
Estas mejoras estaban claramente relacionadas con la menor capacidad de los co-cultivos para
consumir el &cido acético de los medios. Cuanto mas tiempo permanecié el acido acético en el
medio, mayor fue la produccion de Hz. En el segundo estudio se observo que en co-cultivos
incubados con azucares como Unica fuente de carbono, la foto-produccién de Hz por parte del alga
es posible cuando las bacterias producian &cido acético. También observamos que el cocultivo de
Chlamydomonas con Escherichia coli condujo a una produccion sinérgica de H. que produjo un
60% mas de H2 en cocultivos en comparacion con la suma de la produccion en monocultivos de
alga y bacteria. La acumulacion de acido acético es uno de los principales inconvenientes de la
produccion fermentativa de H llevada a cabo por bacterias. Sin embargo, este inconveniente
puede convertirse en una ventaja cuando las bacterias productoras de H> se cultivan conjuntamente
con Chlamydomonas. En un tercer estudio, tres cepas de bacterias (Stenotrophomonas sp.,
Microbacterium sp. y Bacillus sp.) fueron aisladas e identificadas de una comunidad de bacterias
silvestres. Se observd que Microbacterium es un socio bacteriano mutualista para
Chlamydomonas en término de crecimiento. En medios de cultivo suplementados con azUlcares y
fuentes de nitrégeno inorganico, Microbacterium no pudo crecer de forma aislada, sin embargo,
si lo pudo hacer cuando se co-cultivd con Chlamydomonas. Posiblemente el alga permite el
crecimiento de Microbacterium al proporcionar nutrientes esenciales, probablemente fuentes de
nitrégeno organico. Por otro lado, la produccién de &cido acético por parte de Microbacterium, a
partir de la fermentacion de azucares, favorece el crecimiento de Chlamydomonas y la foto-
produccion de H.. Bajo esta cooperacion, se produjo una cantidad considerable de Hz, 313 ml/L
de cultivo en cocultivos de Chlamydomonas-Microbacterium en medios ricos en azlcar.
Finalmente, se logré un nivel aceptable de coordinacion entre los resultados del modelado y los
datos empiricos en términos de crecimiento, produccion de Hy y absorcién de acido acético, tanto
en co-cultivos de Chlamydomonas-Pseudomonas putida como en los monocultivos control. Este
modelo de red metabolica basado en restricciones puede ser prometedor para predecir el
comportamiento de organismos en sistemas de mono y co-cultivo.

Palabras clave: Consorcios de algas y bacterias, Chlamydomonas reinhardtii, Modelacion de
redes metabolicas basadas en restricciones, Produccion fotobioldgica de hidrégen.



Title: Experimental Study and Modeling the Metabolism of Hydrogen Production in Algae-Bacteria Consortia
Abstract

Abstract

Hydrogen gas (H>) is considered a clean energy carrier with a very high energy content per
mass. Photobiological production of H. by green algae can potentially be a clean and renewable
method for Hz generation. Chlamydomonas reinhardtii (Chlamydomonas) is a model unicellular
green microalga capable of H> photoproduction. In this work we studied the effect of light
intensity and different carbon and nitrogen sources on Hz production in Chlamydomonas-bacteria
co-cultures to gain a better knowledge on how alga-bacteria interactions can improve H:
production. First, we studied co-cultivation of Chlamydomonas with different bacteria, including
Pseudomonas spp., Escherichia coli and Rhizobium etli cultured in acetate-containing nutrient-
replete media at three different light intensities (12, 50 and 100 PPFD). Increasing from 0.87 to
18.2 ml Hz/L culture, was the highest enhancement in Hz production which was obtained when
Chlamydomonas was co-cultivated with Pseudomonas putida 12264 under 100 PPFD.
Enhancement of H> production in co-cultures was clearly related to the lower capacity of these
co-cultures to consume the acetic acid from the media. The longer the acetic acid remained in the
media, the longer the cultures were able to sustain hypoxia and support H. production. Then, we
found out that algal H2 photoproduction is possible in Chlamydomonas-bacteria co-cultures grow
on sugars as the only carbon source when acetic acid is produced by the bacteria. These results
suggested that acetic acid assimilation is linked to H> production beside its ability to promote
oxygen consumption. We also observed that co-culturing Chlamydomonas with Escherichia coli
led to synergetic H2 production that 60% more H2 was produced in co-cultures compared with the
sum of production in alga and bacterium monocultures. The accumulation of acetic acid is one of
the main drawbacks of the dark fermentative H production. However, this drawback could be
switched into an advantage when Hz producing bacteria are co-cultivated with Chlamydomonas.
In the following, three bacteria strains including Stenotrophomonas sp., Microbacterium sp. and
Bacillus sp. were isolated and identified from an unknown bacteria community. Microbacterium
was found to be a mutualistic bacterial partner for Chlamydomonas in term of growth. In culture
media supplemented with sugars and inorganic nitrogen source, Microbacterium alone was not
able to grow, however it grew when co-cultivated with Chlamydomonas. It seemed that this alga
allowed Microbacterium growth by providing essential key nutrients, probably organic nitrogen
sources. On the other hand, Microbacterium was able to produce acetic acid through fermentation
of sugars which favors Chlamydomonas growth and Hz production. Following this cooperative
relationship, a considerable amount of Ho, 313 ml/L culture was produced in Chlamydomonas-
Microbacterium co-cultures in sugar-rich media. Finally, an acceptable level of coordination
between the results of modeling and the empirical data in terms of growth, H. production and
acetic acid uptake in Chlamydomonas-Pseudomonas putida co-cultures and pure control cultures
was achieved. Therefore, constraint-based metabolic network model can be a promising potential
to predict and especially compare the behavior of organisms in mono- and co-culture systems.

Keywords: Alga-bacteria consortia, Chlamydomonas reinhardtii, Constraint-based metabolic
network modeling, Photobiological hydrogen production.
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- Tris solution: Y¥Y g Tris, tris(hydroxymethyl)aminomethane, (HOCH2)sCNHy)
- Asolution: 6 g CaClz - YH20, ) +g MgSOs4 - YH20, ¥ g NH4CI

- A —Nsolution: The same as A solution, but without NH4ClI
- B solution: \Vo g KaHPO4, £ g KH2PO4

- Trace Elements solution: 6+ g EDTA (acid-free), Y\/f g H3BO3, YY g ZnSO4 - YH20,
&/Y g MnCl; - ¥H20, &6 g FeSO4-YH20, V/# g CoClz - #H20, V/# g CuSOs4 - OH20, +/Y\¥
g MoOsNaz - YH20

Trace element Jolxo gantd SS9 @
o p s S i yeb 4 098 oo J>= KOH 51 YY g L (dH20) ,hie ST YO+ ml ;o EDTA Lol
YL A= 2C b1y )] slod el oo 0 1) Jolono 90 o Wig oo J> Hlaio O Yoo Ml o 0a S5
O« ml a1y Joloro oz Jhaie O 5l solaiwl b (s puslioy oo #IA 4 KOH 5l oolawl L 1, pH g 00 5
oS 50 (6,150 S0 dame 1 55, 90 Bl Do a5 00,8 it | ol S (gaiad 4 il

olisogiodls g buze Y-1-Y-Y

Tris — Acetate — Phosphate (TAP) ¢S o N-Y-)-Y-Y

el 2 Sy 5 15 e Lol pawigel (gl o, laitinl (TAP) cotS basxe

- Tris solution: Y+ ml

- Asolution: V- ml

- B solution: Y ml

- Trace Elements solution: Y ml

- Acetic acid (glacial): -/46 ml

o0l T B9 SgSnn Ll 53 ulipagbeadllT S Gy (sl 9 030 o sl IS5 50 S Lo ]
WS e Wl ) 8L i canS lase opl 5o e i Jolone 09 o0
45 0glis nl b 29 ge 4ns TAP S lams wlie (TAP-N) 359 i 31 (5oke TAP ot Lame

Sgis oo olatwl AN Jolowo 51 A Jolowo sl 4 )] (saugs ;o

! Amber glass
2 Pre-Cultures
3 Mixotrophic Conditions
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Minimal medium (MM) auweS el buxo ¥Y-Y-)-V-Y
el 7 S50 5 0)l5e Jolds pgigal (sl o lailinl eSS laims
- Asolution: \ - ml

- B solution: V- ml

- Trace Elements solution: \ ml

=S ]2“7“, U"‘ I B Jg.boo Oj.sto oolazwl LQquo)T BEI) AW JA;».w‘ 5){55.)‘ 5O A .E..:v.o u;‘
S il B 2

oS Dles ol b 0gid o dg dieS aiS Lame ailie (MM-N) (459 yid 3 (55le dieS’ S Lams
S go 03l AN Joloeo 51 A Jolowe sl 4

Y).Qﬁm do)La.c l.> \us.s.a.’)) ‘LQM‘WT )‘ (o0 J’)‘“‘“") W) )...l__‘a GLQlem s)JéJ 3,90 LgLﬁbwLo)T I

g oo 8Ll (] 4 (395 aie Glgie 4
b sSL beds oo ¥-)-V-Y
LB cobS oo N-F—1-Y—¥
d‘}n Lewl ooy solau! dwd/j wb'j.ojaj.u LSL“’4-.’.9—-’ ._uf,) 6‘)-.’ (Lysogeny Broth) LB s L .

- Bacto tryptone: \- g
- Yeast Extract: 6 g
- NaCl: - g

9 g oslial 1LY W) wale o256l

(MeM) o7 piSbalio CisS louzmo Y-Y-)-Y-Y
cuiS laore ol 5l d SO0 929 Slge el ouls colaiwl pgs Thaliio 0y gl MEM S laes

N S

! Tryptone
2 Yeast Extract
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- A-N solution: Y- ml
- B solution: \+ ml
- Trace Elements solution: \ ml

- KNOs: Vg

T 10 T as s Ay 361 slod 0 ()] (sled b oS oo yoo IS351 50 Jglome (ol 0,5 syl 51
2 P Slslie Gladshe S ad) Glp (pizeed S9d oo ABLA 2 TAVA (osl> L) ol Joilie
solaiul JBT7V/F (WIV) conl> S (5l .09 oo 03558] S Lo 4y (g0 5 b Y g VIO 0 elcisS i

el 00

YEM s buoo Y-V -)-V-Y
ol b iSL gasal> g (LT paugi, ob, slp (Yeast Extract Mannitol) YEM cuis Lo

Sl gy 70 4 oS

- KzHPOy4: -/f--£ g

- KHzPOg4: -/-94 g

- MgSOs - YH20: /Y447 g
- NaCl: -/-24y g

- CaClz- YH20: +/-OYA @
- Yeast Extract: /A g

- D-Mannitol: V+/-V4 g

s5isge szl JET7V/E WV) wol> cetS (sl
TYM S byzmo F-¥-)-¥-¥

Wy glp Cewol TAP cuis laoee a0l a5 (TAP Yeast Extract Mannitol) TYM cuis Lo

_L:.:.?w U"‘ )‘ )»J ASJ JRRTES Y 0‘5& o] 00l oolazul ,oj.r)‘.r[:jj.i‘.a 9 w}lw[: ‘w[’}"ﬂﬁﬂfw/db‘\"ﬁ*"’

il )y g 4SS

! Peptone
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- Tris solution: Y+ ml

- Asolution: V- ml

- B solution: Y\ ml

- Trace Elements solution: \ ml
- Acetic acid (glacial): -/a06 ml
- Yeast Extract: -/A g

- D-Mannitol: V+/-V4 g

Seisgo osliiul BT 7V/F (WIV) sul> S 6l
St jo LS GBS buseo F-)-Y-

Lo 5 59y de Dde & (ligogdiodlS o 5 5SSl Cangjon laciS lagialosl g9, 5l i

dg oo ooly S YFOC sles yo 9 VYWe rpm LM V- — 4+ PPED 5 ool cow TAP s
°C loos o VYo rpm LMW 190 L 0g5 canlio S Laxe 10 (6,551 sddiguw 51 SO o (CtS i)
(lisagy g s LB coiS lasome 10 (0D(5/5 uligogoger Sodsgm (SiS i) Lgd 0 03l iS5 YA
S g0 A 59y el o il sadsl lade JpuS L TYM ciS laises 33 00,2850 S0 9 (gl
Aoy 595 4w 5l ey MEM cisS laiome )3 o0, iTskito g 55, 99 5l g YEM S laes o (LT og0s s
Lo ) i o 5SL g STl (slaJoho 08 S 18wy (o856 50 o Jsha a5 ()T 5l a8 s
55 9 o dind dpaz oS baeme b b an b S0 o o 2etS slaiolesl o eolitl 050 S
slocws sla iolosl 6l »5 oS lase gl co Gidy daze «inlejl £4,8 (gl cutS L lon

il 00l oolainl Cung j o0

- TAP
- TM: TAP+ () L o) g/l D-Mannitol

- TY:TAP+ (-/AL -/¥) g/l Yeast Extract
- TYM: TAP+ (V- L &) g/l D-Mannitol + (- /A L +/¥) g/l Yeast Extract
- TTM: TAP + & g/l D-Mannitol + (Y/6 L +/- Y) g/l Tryptone
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! Aliquot
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roligagtedls Sla sl by gy (o) n Gln 65 Galy (B g i L5 clale el oad a8 S

ol 00 gy LQQ] Ay Wy, soswlin LS‘):’ L:bd);ﬂ.g SS9 Lo N ST PN Nloads 6)-3§°}“3‘3‘
dwols CulS buzxo jo Wy Y-Y-Y-Y

ooliiul ' (glo a3 (slaiolojl 5l calize (3595 5 (S @l j9a 50 o 5Tg K0 0y (o) (5l

Merck slacS 1o 5l oads solatul olowds dlgo plod gl co pumdi calisee sladawlsiel sl)ls slacws
Lloals avgs Sigma Aldrich

liseo (359555 9 (25 &bw 2w, N-Y-Y-V-Y

Oy B0 00l prud i V-V -Y-Y-Y jisu (0 a5 jelailea TYMP jo oy, 257 ,KCoo sla Johor oS i
5 ot it Jb 53 MN-N et Lo 10 6,55h sloJshes s ol 00 03le] o K 56 Laslsl
Loyl s Wgd oo 0aiS 1 £ 0 MM zge Jobo )3 +/) (5,58 aimailo b S Lazs (oo ;0 Coleg o
a0 aalesT cnl sl S5edem LSS JLgs iload aniliE Galisee slocaiS lasre phaw 5 F M x> 4y
0, 6l ) oS e wiload 48,5 L 0 MM galy  aaaS Lass pgas ol ool 4285
londs dslllas g, 25y Coo

- LB
- TAP
- MM+ g/l Glucose

- MM + b g/l D-Mannitol

- MM + 0 g/l Potassium Acetate

- MM + - /6% (w/v) Bovine Serum Albumin (BSA)
- MM + - /0% (w/v) BSA + & g/l Glucose

- MM + - /0% (w/v) BSA + & g/l D-Mannitol

- MM + /6% (w/v) BSA + 0 g/l Potassium Acetate
- MM+ /A g/l Tryptone

- MM+ «/A g/l Tryptone + & g/l Glucose

- MM+ +/A g/l Tryptone + & g/l D-Mannitol

- MM+ /A g/l Tryptone + & g/l Potassium Acetate

! Drop test for growth
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- MM+ -/\ g/l Tryptone

- MM+ -/\ g/l Tryptone + & g/l D-Mannitol

- MM+ /A g/l Yeast Extract

- MM+ /A g/l Yeast Extract + & g/l D-Mannitol

o 2Ld 5l ooliiul b g ooty o MM CuisS oo 18 fygi )5 § BSA (1uig s iatS L (cangd 5o
0 0C clos 15 molo 10,1 clacetS Lame & ges 5 00 s sl (Whatman) +/¥ pm dsles 55l L

g oo adlol
Ll 00l gy YOOC glos jo del> S laoes jo o

MT ol g o, Y-Y-V-Y-Y
u.u.u 6‘)‘3 ol 00 X J-Y JS.w B odls osld QL"“" MTM‘ &9.’ 'R 5 /”}’)—JL’})-(‘-" d.».’;})
2 CdS L 4l s O jgo 4 o] il slaowl 51 SO yo a4 Cad pg g o (09 | By 5455
s Shg oo L1 4l s 19,y Sl Oimmed Sloads aBlol el Jyisle 0 g/l gl)ls a5 MM sasls
s MM Glaasl b slacaS laswe 10 0,y isS oo Bpan 55, b (0,5 aude Sloie 4 1) aiel slaowl
clale ol oo anlas wiws Joisle 0 g/l 5 al8lax el 4 arwl slasw! 5| S o g9l a5 MM-N
MM o o5 <> s 4 Tyrosine clale s ool A MM laciS Lo 4o diel laarl pled syl

! Auxotroph
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WSO G G SR &

Hy™ "CooH HyN™ C00H HiM™ "Co0M HyN™ Co0H HM™ TCO0H
Glycine Alanine Sering Threonine Cysteine
s
g
PN )
HNTCOOH N OO0 Ml M COOH HoH T Co0H T oo
Waling Leucing Isaleucing Methianine Fraling
H
" a0
. l_u \ﬁ o 2
| | |
L [P oI ¢
MM CO0H HeH™ T CO0H HaH™ TCO0H HN™ "COOH HaN™ CO0H
Phanylalanine Tyrosine Tryptophan Apartic Acid Glutamic Acid
H M. MNH*

- b
Q Pt HK = 4 .
1 MHT |
)I‘r;ﬂ, =/

HyH™ TCOoH HaH™ TCo0H HaN™ T E00m HoH ™ B Mol CO0H

Asparagine Glutamine Histidine Lysing Arginine
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w0 J>=MM-N L MM s ail slaorwl Joloe s ays Sigma Aldrich <5 i 5l awel (slaawl
HCL L KOH 3l oolaul b bay T pH ol o3 a5 ol 0 coads oyl +/Y HM 33l ol b il lawsgs
gl oo a8lol 0+ °C slos yo wle jlo BT slacaS lasws 4y uw g 00l ouaid VIV £ /)
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Bacillus Microbacterium

Stenotrophomonas
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Sobw oyl N-0-Y-Y
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