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Goling behind steady state (s.s) approximation:

1-Solving diffusion equation with no approximation for a point source in 1D.

2- A Lesson from part (1): Diffusion time scales...

3-A Lesson from part (2): Pseudo (quasi) s.s approximation



1-Solving diffusion equation with no approximation for a point in 1D.

Example 1: Assume we have a point-like source of a species located at the center, similar to a small
droplet of ink. As time passes, we know it will spread, meaning it is not at steady state (S.S.). The
guestion is: can we calculate the concentration of this ink, CC, as a function of space and time?
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Going behind steady state approximation:
2) About time scale of diffusion:

Looking at diffusion equation, what will determine the time-scale of diffusion?
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Now we focus on our 1D example, how does the value of ‘D’ effect the dynamics of diffusion?
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Conclusion: The time-scale for particles to reach position LO, is at the order of:

We call this diffusion time scale, the shorter it is, the diffusion reaches S.S faster.
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fluorescent dye (carboxy-fluorescein)
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morphogen (bicoid-GFP)
morphogen (wingless)
MRNA

MRNA
ribosome

measured context

water

nucleus of chicken erythrocyte
water

water

water

water
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eukaryotic cell (CHO) cytoplasm
rat liver mitochondria

cytoplasm of D. melanogaster embryo
E. coli cytoplasm

E. coli cytoplasm

E. coli cytoplasm

E. colimembrane

E. colimembrane

A. thaliana cell wall

A. thaliana mature root epidermis

movement along DNA (1D, in vitro)

cytoplasm of D. melanogaster embryo
wing imaginal disk of D. melanogaster
HelLa nucleus

various localizations and sizes

E. coli

Let's look at some biologically relevant numbers [https://book.bionumbers.org/]
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0.03
30
3

0.04
(4x10° bp?s™)

7
0.05
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3-Pseudo (quasi) s.s approximation:

We learned that when analyzing diffusion in biological systems, under certain conditions
(such as when the system is small (LO Jand enough time has passed (t>>T )), we can use the
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Background: Co-culture systems are wide

biomedical research because they allow scientists to stuc
cell types in a controlled environment. Unlike t
cell type is grown in isolation, co-cultures more closely mimic the com
NS, by allowi

biological systems, such as tissues or orgad

through soluble factors (like cytokines) or ¢

(a) Co-culture with THP-1 monocytes

ly used in bioengi
A

irect cell-ce

(b) Co-culture with THP-1 macrophages

Porous membrane (3 um) HepG2

Porous membrane (0.4 uym) HepG2

Granitzny, Anne, et al. "Evaluation of a human in vitro hepatocyte-NPC co-culture model for the prediction of idiosyncratic drug-induced liver injury: a pilot study." Toxicology reports 4 (2017): 89-103.
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Example 2: An engineer might face the challenge of designing a thin nr

exchange. How will the thickness of the membrane, where materials d

diffusivity impact the dynamics of cytokine changes in the whole system?

nitially, cell

Then, chamber 2 (wit

et's consider a syste

M with two chambers, 1 a

s are cultured in chamber 1 (with vo

N volu

area A and diffusivity of D. The entire system is
ber is we

each chamr

and area o

Tect cyto

mixed. This setup allows

ne exchange between th

embrane for cytokine
fuse, and its area and it’s

nd 2, separated by a membrane (m) as shown below.

ume V1), where -

us to explore ho
e chambers.

me V2) is added, separated by a porous membrane with
olaced on a slow shaker to ensure tr

W membrane p

‘he cytokine concentration reaches CO.

thickness LO and

at the media |

'ope

'ties like thickn

A
5SS



OWY wod <)
Com 9\) (\SW\W\'\V\B QS-S ¢ Va \(‘L

' vﬁ l So Ji%sib\m "~ wmonmbron-e 1€
at .S all The div~e, While

CA and Cp ore Changind
S\oWlﬁ

e knw drom badmss Cin=Cp~(Cr-Gy) 2
2> N = CCA Cg)

C) WS b\\ow\@foy MNombor B: SV =] \K\\Kg\l(‘
/ -b
X

\/

R N&=L)xAm



" T .
O vow lefs wite Wps Dalane dor Fhe Whole, sysdom:
S'T - Teheite Sk Ve dCe
625 s SR Vi &

> VA SV& 5 C& (;l' so)JO

\_ﬁ_ V. dCp\\/. —
)\/A*Ld-}' W\ +( )\/,; =0 CB$C0‘CA
DY D W 1Ce _(AD.,




n
//@ /S ’Me ”’IVM JCQI( O/ %/'S y /'eoZ/f 7“"/(4 b\]aﬁb\ O\-I— \.—{7:
S
//@ A wa \/73 - \ /MW;_X Q}OCZ\V\M“ s looD <
Am D o E—L_MZ 1 s

\/‘/h'\c)' a\0 VY | %fmS\“V\ WA ""Q‘”\\WD\’!\QJQ_ " A /)9—" = O

(/,3 >> ,\/V\/\ : wem \) T N Yes\A\e S;j Q < /

_ Fost av






Questions?



