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Switch periodically closed to discharge the capacitor:
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Pros:

» Good accuracy (no active stages, depends on the
accuracy of the reference impedances)

= Voltage reader operates always with V=0V
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Cons:
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= Slow balancing routine
= Not very convenient for spectroscopy
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Molecular Affinity Biosensors
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beads functionalized to capture specific molecules
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Interface with Cells

' ‘ Direct Electrical Interface with Cells

Biological investigation mainly relies on optical microscopy | v S SER _
Advantages of direct electrical sensing: i =
+ Label-free (save time and reagents, non intrusive)

» Quantitative

+ Integration with microelectronics

« Miniaturization and portability

« Some cells generate electrical signals
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* Response to chemo-mechanical stimuli
* Confluence
+ Death

The contact area changes over time
Average population information
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Capillary Measure the size of a Length(x)

electrophoresys sequence

DNA Microarray Find the occurrence of a  Find(x) in file &
sequence

PCR Replicate a sequence Copy + Paste

DNA Sequencing Acquire a sequence File read
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+ Gene expression

— X is any sequence in the human genome, File is RNA taken from a cell. .—..\ in P‘z’*\q} L) WZ'HO WO GO LN &!PFUN&"!O
— If X is found, the cell is executing that portion of genetic code. ec 2nC p e ! \gl "
« Comparative research on gene functions q'm \o. v o\ ®
2} cnferzano Qo U C spaitasamo

— 2 populations differing from 1 characteristic (i.e. eye color) == File1 and File:
— Any X found on File1 and not on File2 may be related to the functions

« Diagnose an infectious disease: -]\
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- Xis a sequence typical of a pathogens, File is the sample taken from a patie
— if X is found, the pathogen is present

« Genetic disease or predispositions
- X is the mutated sequence causing the disease

— If X is found, the patient is at risk IlpO «n l\ M / W ven sq,cpmzm d. W&l U o~
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Principle of the microarray

B Knougn DNA is attaphed (i.e. By ‘I_; l\ N*D&) W‘\U Par W e Vo t\ mq e P
spotting) on the chip surface, at known bl i = i I 3—1
positions oW ',_ - ([ 8 ooestoxa—-  TPosso &e mb 2X2«c2ndo
¢ An unknown sample containing DNA is -

— Oancemnte avolieoie  Pluoreaards 2A DA PIW-O~
placed on the chip. 1 W o .
o Wait for the DNA to hybridize to its L

complementary and then wash. *1
 Acquire the map of positions where gLl
DNA sticks (i.e. optically or electrically). °
« Result: in the sample there where the e

sequences correspondent to the active

spots

Tm ke o fluoesonee- 8¢ possoo sz 2k S adon

Two colors: Comparative tests

o Diffesont Samplgs we attached_ to_different e One sample is labeled with green fluorophore, the
fluorophores (with different emission Sthint is labaled with 164

wavelength) e Results:

— Green: DNA found in sample 1

— Red: DNA found on sample 2

— Yellow: DNA found on both samples
— Black: DNA not present in any sample
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e Microarrays containing thousands (on millions) of spot. o 4wz A 26 Dast
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(SNPs) on a single chip
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Artificial DNA synthesis

« We start with a base linked on its 3’ end on a solid medium (i.e. Porous

column, Bead, chip). The 5' end is protected by a ‘capping’ l\ ‘D.“‘ ﬂl.ll- m e A 1A ( hﬂk -

(DMT=Dimethoxytrityl) , preventing the formation of other bonds.

o 1: DMT is chemically removed (i.e. with trichloroacetic acid TCA ), the 5' Hm \r Poss Ui L Vo P SHQ‘L’ possa
carbon becomes reactive. The chemical agent is then washed away oo ' oew Ug = d:"l M Q

e 2: A solution containing pure basis (only A or T or C or G) is put on the

substrate. Those new bases are already ‘capped in 5'. These bases react 2R84 (g VIAGOA “hPo AMAAAABBBBTRR ...  qundo

in 3" with the 5' of the DNA chain
« 3: The bond is fixed by oxidation of the phosphate O Vo sovo AR
The cycle is repeated from step1, reactivating the new end by de-capping
When the desired sequence is finished, the DNA is ‘harvested' cutting the
original 3' bond to the medium.
+ The final DNA sequence depend an the order of the bases as chosen in
step 2
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lllumina bead-array
 Instead of growing DNA on the array, it is synthesized in lots with high quality S e &kbw P‘dc oo~ \ ONA gwiehizaode

and purity. ‘hﬂ" . &.h .‘ % [z' - ‘ . b
« DNA is attached on the surfaces of small balls (Beads) 3 micron diameter. This :h L % ; @
step is done in lots for high quantities.. PML- Nl?.gzr\' vor e L DT s Sono YWnolle

« Different beads are mixed to create a pool ecc
e Beads are randomly placed on the chip -

« Each chip is different from others. It has a specific map, provided with the
interpretation SW

'Y 310

:
i



03 09 202\ Leo.ona 2w
LR (Ree2iong o0 oo oo oLmeES: )

RrmedR A repicer W wivo c%e Qo & on C2mpore DNAL el
Tn pehom. permeite & 2mpLlcare \ Segrels.

> Ceso- W W e W 0 0 o oRemo, (Vevuon €\ PAx28)
se gl Wt Come fo. 1\ poimexes: oo duplcave W\ DNA?

+ Inliving cells has a key role in DNA duplication.
e Function: Qﬂf\éo 29D amo gasto- ndoce DNA, coe
— Add: leotid 3" terminati f a DNA strand, when it i T .
pan:;\:yﬂ:ych:i‘;iiz;m ermination of a strand, when it is q R ! z‘dc': ( ! !t h\um SO LAG E A
— The added nucleotide (unless error occurred) is the M‘ ‘v\ q\m.o w \0 Ma%; CU\M “
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complementary of the corresponding one on the other strand.

DNA (diNMP),
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e For the reaction to happen it is required in solution to be
present:
— DNA target to amplify, usually called ‘template’
— The polymerase enzyme, in a thermal-stable version
— The tri-phosphate bases (the building ‘bricks’) \ =22 A \a Prezs 208 od oo
— A salt buffer with specific concentration s\ DNA
— Magnesium ions, to stabilise pH levels
— Couples of DNA Primers

3 phases: Thermally driven: T\?‘C‘z’“m rcl Con \on YOR fov \eghamo
D_e:talluraiior: W?‘CM h’h \ M 2 %p\.'.-w\-m
perature around 100 C, the 2 DNA strands separale L’- w,\\ c‘. Mmm CQ—- \'\ v‘w

+ Annealing

— At lower temperature (80 C), the single strands hibridize with
primers, selecting the portion to be amplified
» Extension

- At dium tamg (7O C), the  starl
duplicating the DNA

The cycle repe:als several times, every cycle the amount of

DNA doubles |
 Annealing: Cooling the system, primers find their » Extension: the active phase of the reaction: starting from
lemen n hybridi imers th nucleotides are incorporated
« Denaturation: Heating the system to 95 degrees, DNA complementary sequence and hybridise i kel ;
L « The temperature depends on the enzyme. Usually is
separate into 2 strands p— 72
- i = Cycle 1 about 72 degrees
5C Goet | [s0°c) umare A « The result Is a new DNA strand, starting from the primer
and preceeding in 5° to 3' direction
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« Cycling: The steps are repeated sequentially, ineach (220 Qund; cAs 2nderdo 298K
cycle DNA doubles.
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PCR
la
« After N cycles, for any Fo—— (0

initial DNA molecule we S == '
obtain; - © —i» .
- 2 original strands * r :

— 2N *half strand" ; "
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« During initial phase, the DNA quantity doubles every cycle, the
reaction has an exponential behavior.

+ When reagents start depleting, the growth slows down, becoming

almost linear

+ When the reagents exhaust, the reaction stops. (plateau)

Oa &Mool PCR

PCR to increase microarray sensitivity

o Microarray signal is proportional to the DNA
quantity

o [f in the sample there is low DNA concentration,
a direct hybridization may not be enough to
detect the signal

« If a PCR is made before the microarray test, the
potential DNA target is amplified and so become
detectable.

« Quantitative information is completely lost

| 1) Linear 1

sl | Expanential | 1101t phased | ] LR
| phase| | | LT !

] [ ——— . (e -
_ [ _ | 3] |Plateay|
o T DA B phs {18
] 1

L] 1 31 + 4 4 "
) 1

| | LU ] '
S| L
| i 1
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Cidocmozion sote Quaaher nviaete & TNA Sono
P
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« T denaturation

— Too high: polymerase can be damaged

— Too low: DNA does not denature completely
« T hibridization

No reaction w|-| | i

Danaturation TEE

m} | | ! Lot

Extension ! et B O

— Too low: primers my bind a-specifically, amplifying unwanted DNA Wrong result Annaaling i T s B T

— Too high: Primers do not bind. I No reaction "

« T extension
— Too high: primers may detach during extension
- Too low: reaction slows down.

{ No reaction
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¢ Standard PCR allows the amplification in vitro of the
DNA, to obtain identical copies of the initial molecule. tl?, on CO\QU\A&& an 'RTRR A ste e
e The detection at endpoint (by microarray or YOS "ﬁ‘mtp\ﬁc\ TR

electrophoresis) does NOT provide quantitative results.

¢ Realtime PCR allows a precise quantification of the DNA o G Q e : A - OO
present in the initial sample. - \Lie P ~
quanhe~ .

DNA Concentration
P‘b\)\m Qe
» ‘ _ e W Ma2os

10% copies/microliter

/
/
/

ST T e T T YR wETs]
o
=

_.-f 10° copies/microliter

Plateau phase depends only upon the reagents 02
The exponential phase depends upon the sample

(] 10 20 a0 40 80 6c

€ e \a coenWozce ansisie v WO St 0 mRNo bl Gxvo. SSpo-nasela .

PCR efficiency eiﬂr\'\P\O o ’ a
Qvpra~ Qe d-NW V200

» In the ideal case with PCR we obtain a perfect
duplication of the DNA at every thermal cycle: e CCI\CQA'VE'ZW\-
qDNA =Cij * 2N 16000
« In reality, the efficiency is not perfect due to various LT
factors: <3400 ]
- Not perfect reagents (inefficient enzymes, degraded bases etc.) 5 12000
~ Not perfect thermal control (i.e. inhomogenaity) £ 10000
- Replication errors i
~ Inhibitors thht interfere with the reaction :;i 8000
» In this case we define PCR efficiency: ® 8000
~ 100% qDNA =Ci* 2 = P
~ B0% gDNA=Ci*1.8N 5
~ 60% qDNA =Ci * 1.6 g 2000 5 %
~ 0% gDNA=Ci* 1N = B o A A  sianie ]
-2000

0 2468101214161820222426283032343638404244
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..In log scale

Cycle threshold

100000
Theesho\d .
1000 .:,u--"‘"""':f". =
e An arbitrary threshold is defined for the amount of DNA
":': ‘ « The cycle when the amount of DNA becomes greater
B0 | then the threshold is named Cycle threshold (C+)
R TR « In practice, C; can also be a non-integer number,
L L) | obtained by interpolating the discrete PCR curve.
024608 1W0I121416182022242628303234 3638404244

Reew o G & AW G espanndk @ Yo un Gredieo.

Realtime PCR linearity \Uislp e 0 so W\ VDo Aol Guadoac
L DA W W e 9'34- Sspanndy | st

Tosso Qund s q,ash QO Cowa
T yeferenm @ (R oo raudNo2cal R

1 2 3 4 5 6 7 Un Gualss vace & G,
Log Starting Quantity, copy rumber
« The value of CT varies linearly with the log of the initial
concentration of DNA, on several orders of magnitude.
« Knowing the CT (and the calibration curve) it is possible
to obtain the value of the initial concentration

o

Threshold Cyde
 SoEResss
|
|
t

| |

C\QAQQIL AL \\W&U\H 202 2\OL R iero~ 1 US) QL “ROwRo
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DNA Intercalants
S ks g e Bk i 5 secen q— Mo\acols- cle dov lo Pﬁbres:nm UaCamente
« Are molecules that fits inside tidium bromide
the grooves of the DNA double o - ll DI\H e; L\Iﬂb 2 W@. Q’—CB.
helic "

s Normally they are not
fluorescent. They emit

fluorescence only when .
coupled to DNA | : » Uses a non-specific fluorescent

» In a solution with excess of i gz:::l:flg:::inds to the minor

intercalants, the measure of -
fluorescence is directly | . + SYBR green emits fluorescence only
i~y i =i~ -} if a DNA double strand it is present .

proportional to the DNA —-

concentration. It detects only te total amount of DNA,
it can't distinquish between defferent
sequences

Un 20 mode pr 2ver \on Riuressmao. € @der & oe= \e TeqMen prowas

TagMan probes
WO e medor s @ Posso-, so gasle SOV
« Is a chain of normal DNA with a fluorophore linked at its W NC o X)tb W oo _th-lp_ \]‘\3{)\%\0
5" end (Reporter) and another molecule (Quencer) in its
3’ termination m - &‘ M ’2,\1&. &\Qm a,s’h/\%. e e Q
» The property of the quencher is to ‘switch off the _
fluorescence of R when Q and R are close each-other. m M ZA O m é. T:NA-

The photons are absorbed by Q instead of being emitted

r "b&;uu\eﬂmhpopmmmgm o\

BR2=Mo A DMWA Cl el WK R e Q N ando
Q- @esk = posao diaenzee € VWSolta
bWvents: sovo ura lol Rluaesade

~ " SYBR Green: principle

ﬁl&p:l;ma;cp;.\m. o Rew P2Cman con 1\ DnA.



Real-Time PCR: 5’>3’ eso-nucleasic activity

(| pezaie O TV obs 3o € uapaas 4

ONIA  Comnplanviee. ctn DGAMO a2k

« The Polimerase enzyme during replication cuts out any
existing DNA on its trail

« For any duplication event a new probe becomes fluorescent

Qesto 'noe G mmole - Mo Rlacs, .
Melting curve Melting curves

« After amplification, the system is slowly heated (thermal
ramp) while the fluorescence is measured continuously.

« [f a molecular beacon or an intercalant is present, when

0.06
the DNA double helix denaturates, the fluorescence 0s \"-\_ ~
e ; N 005 e
exhibits a negative peak. 3 / _\\_- \/
« Dissociation temperature depends on 300 \ % am / \ Y\ A \
— Amplicone length s0: i 009 Pl i \ \\
— CG percentage (3 H-bonds) over AT percentage (2 H-bonds) Dﬁ 4 ‘\._ ® g Yy /\
« The (negated) derivative of the fluorescence is the most E, b/ '-.\
used indicator oot W

¢ Melting curve can't be done with TagMar probes L I s O S

W 0252 2 pico s possoo Ascahzane dvaxs: Prodery W aopl R0
Bothernmz), Zrplezhng, — 2npufon W DNA cemo. \ Buogne & X2dee @

vziteddee S
€ RO Cllom AMo. TOR classicon

Mo- O\ poseno Ko U QurhiRine
* After PCR, several methods have been invented that doesn't require
temperature change to amplify DNA

s Among them, LAMP (Loop-mediated isothermal amplification) is the lm “Q m ’ZNC)"- D‘: e'% <\a dn'
most known \'Q-uw

» Advantages:
= Very simple instrumentation, just a stable heater, typ 60C
~ Faster than PCR, typ 10~15 min (continuous time)
« Disadvantages
— Not quantitative (no cycles 2 no Ct 2 no calibration curve = no concentration)

Isothermal amplification

G5 -06 200
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AR Vol
— = Volume
R

Measures DC resistive pulses for cell counting and sizing

Twpx(.imen‘\’. \on —pzk an WSOV O <
Wbk la,

For circular holes:

B D PUS M e ‘o esisteneon Slondcon
) Lm: e A\ WAoo, CnS\dendo |\ bl c\indrico .

P = resistivity
— i A

Rept
A

NooLoamo Sxse \ROC 8- W\ qesie @A, Soo e Ce \ Scldp wale oA
- v wWio S oy 2ndec PO Wwoss dsd Zumeize o Dadon W
2wpibcetire
Resolving between 50nm, 75nm and 117nm diameters with a
throughput of 500’000 particles/sec
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« A novel approach, pioneered by Morgan and Renaud (~2000) W~ v\.-.cxb]?-b'du e relhp Va-gp

« Tracking impedance between close electrodes over time

+ Measurement in AC (to bypass double layer) *\N QRS CASD TeeE B0 T (\Gap
« High-throughput single-cell analysis (beyond sizing) T s A NUaoNS
c&_‘r 2= — Tpcaveke a2 Gim

|

Ce
cNOE v geste 2 @ @Ml To- Yoaame | W Racs QU v esbhe e
en yrno vn2 o Rsa

(
o ; ‘to e\ Pt othvwo 1w
qrsh C260 Ace Be \o
______-H._ — =SV DA
A ﬁ\mf%m"”f“ ATBVOR ! Ad 2hte Pegaca
“‘;4"""’" A \ ool m gow . C2paits Paassim
CPHBA Cp o WS, S no W~

Lte sk 2e Reganee

Un 2Ueo pProdlame. & qoste. decwmo. @ ol Phi€220 e wanoarca. Q0
PUO & mPRAo- Arda. d2ic.  Glezo. G o QlUe, PY & alolal
e U\SOnvon OB U tieo N, = n\-_Pccg e 2o (=2 'Fa-\"\r.“.‘.‘ X \p\au\
QSSTO € W TROESK SS VOLUO SETRARE VB CRANDS2A DS GRS,

S\ RO OARs ON H74R0 DWAHC CYAWARL RS2 “Ruoccans “ e ceuwus
N e defervnnzie. 2eo-

S Furoor




Por (\done eMah & coven rode ﬁwmm\c&mér&q.q_r\um

U220 3 RN Wiswado \''mpedaaon Yo 2 elulhods 2\ covo.

L&i‘,uf%exm-\m \ 2 segreh PuI Seee Bhe 3c. 1 esee e i Oxrrente
Al B Settd (ABC)

INA

Vour| Voltage difference
ouT "d'"H'

N cndoaics & Balna \or corvee
nd trasimpedna 20pv € @ Quando

_ no o Lkbeemo oo YO wra
> Var g " Current difference conthe o edn ~UN 2mphe

Q&mxo_emgm?am

TR oro- 2Pbemo dscosso dhee angreael. SMmpleree. , Posso Nk

20ds gL oA WD e sopron 2\ neka , i @t s 1| Campo megret

€ fiso datto ed “~ P € da € VAP AsIR ANMOL PORACR AT

dor. @ues\o—

Parallel-plate facing electrodes Coplanar electrodes UT\O @.} \‘2*\‘ r'QB'ZA\\f\ &}- 2o CBV\“\)\Z'\M
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w- Camwyw.
VS.
Pros: signal independent of Pros: ease of fabrication, no
vertical position clogging (if focusing)
Cons: difficult fabricationand  Cons: inhomogeneous field « The gap sets the vertical extension of the sensing volume
alignment, clogging (vertical dispersion sensitivity, ) . . .
no simple expression) » An optimal gap exists for a given cell diameter
F&?,S\%V\ o Song e Cechrods + Sensitivity scales with cell volume and vertical height
3imple technology —» coplanar 12f -
» Ease of alignment —» transverse 3
1.1 L3 & o ¥
» Target cells 5-15um — 20 x 40pm? = -
£ g
PDMS 1 E 19 = 200, 18 "
£~2.75G-0 3 é giam__e_liTm % o1} 4= 12m
2, 4 W 200um
CELL = 09 L— 1 P, H,,, = 20um
£~60 o-0 3 W, =40um [ |Wew® 40um
ELECTRODE — £ PRI SRR I e o soreeramre il LY ™| IR . : .
5 b3 4 6 8 1012 14 16 18 20 22 24 26 28 30 5 10 15 20
2 =
Electrode Gap [um] Diam__ [um]
pos : ﬁo tron eletirod
£~78G-1.5 é 5
GLASS 2
£~4.6 5-0 L
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Four regions in the impedance spectrum: Co RsoL : - " <3 T
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Shallow channe
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Different geometric parameters control separate spectral regions:

LOW FREQUENCY 17 @Q_s“’b &h‘b W‘\&, MM \Hd‘i’lh..

N e A T e
i f . v " v -
L - \ 2’&!
MEDIUM FREQUENCY ! L S <\ Cia ﬁ th c_;usz-‘nq::
B0 o — o iy Fringing fields Sa~ 2l Dacesis
2 Jﬁ&"é ) ¢ Independent of L Sarp—e- Feste iluNe.
SHALLOW CHANNEL 1 F Id "
@) 0 e O \\ ield compression
e f Distortion

* RgoL set by channel size and gap (max. sensitivity)
« Maximize L (and minimize Cg) to extend the resistive plateau
+ Take into account impedance increase due to confinement

Label-free cell discrimination based on intrinsic electrical
properties '\b’\SO G Fhen _ S b

Mixed ghosts + erythrocytes 1:4, 2000 events G,. A MU\-Q, e 2. ? 1(
. Ooge Par Cotre & @i 2kl B
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LF 1.72 MHz in-phase amplitude/V'

Two frequencies 1.7MHz and 15MHz

S. Gawad et al., Lab Chip 1 2001
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\ costo deX Sequaraizoio Ash DA Ao\ 2000 € ok . Deh 206 W\ @xip
€ (owrc2dD 2 ool 2d ofy o U Ao € o sagurn2NID.
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« Sanger method (Chain termination
“dideoxy”).

¢ In the PCR mix, beside the normal deoxy-tri-
phosphate nucleotides, a small percentage of
dideoxy-tri-phosphate nucleotides is
introduced.

« Those modified bases are incorporated by

&3]
Deoxythymidine \ 3 /

Teowco. e ol RR. low poimaos
Il DNA 2 atleccos oL lo- 3% e o
5> bese

Thyming

triphosphate [ —
the polymerase in the growing DNA, but they “™ oo (m\ \"o QZP\*O wn G220 & QO
don't allow the next step. e’ — e Vo m)
e So, the amplified strands are interrupted at N\
the point where the dideoxy has been Digeorymmigme \ ¥ 7/
incorporated Teaw 11
Dna sequencing p—

« A small percentage of Dideoxy base of a
single type (Ex. Timine) is added to a PCR
mix. The PCR is performed and the resulting
DNA chains if are interrupted where the
complementary base was present ((Ex.
Adenine)

By electrophoresis it is possible to quantify
the lengths of the fragments. The lengths
corresponds to the places where Adenine is
present

Repeating 4 reactions, adding each time a
different dideoxy (ddATP, ddTTP, ddCTP,
ddGTP), it is possible to find the places of all
the bases and so the sequence

Aren Banchessi - Corso Bochis - Poliecrion df Milena AR 2008 2009

GeAo U \o. Routon @i vl @r
O o pmwzs 2agego bavs Ruits
aen dewon \\ Qrplabat oo SRS basae

0o >N

Tocvano ( kat, ognno mod@cho e
Wz bzsp__

LComxon oonon ¢~ YO @pN € da om0 DN
A Longlezzon QAresse—
» DNA sequence: AGCTGCTATTAGCGT... gﬁm‘ @1

« 1(ddATP)
- A*, AGCTGCTA *, AGCTGCTATTA "

o 2(ddTTP) T
- AGCT*, AGCTGCT *, AGCTGCTAT *, AGCTGCTATT *, | j —
AGCTGCTATTACCGT * - =
« 3(ddGTP) W=
— AG*, AGCTG", AGCTGCTATTACCG?. —_
s 4(ddCTP)
— AGC", AGCTGC', AGCTGCTATTAC", AGCTGCTATTACC", —_—
o =i

\N Pr2han R0 e W PrAo~ R 05~ beie Yo ok DM b Wglezas Qiarsos
dpaletle don e e o bese . R Raco ua 1Y Py Ak @ L @ besi R
Rcio v G0 W~ bBR M nglaos @ Ugzedo i \ou laglRzze. WIS O Cczpa
QUAE o segero-.

\ gredco = pus ateles o~ THWMORAS, me rev v pos smgreze diethale obo o
geravo ipo @eto wno  cu- Nelitofers: | Uxn lo Srotpen Pagancingy (cxe
@Yo P PR 4 DNAY).
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Shotgun sequencing

» The whole genome is broken randomly in small segments.

« Starting from several copies of the genome, the fragments will partially
overiap.

« Each segment is separately sequenced

+ After sequencing all the fragments, a software program finds the
overlaps and maiches the fragments reconstructing the whole sequence.
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Second generation S beso- so\ peredgma Pl .
« Flush and scan: AW\ w20 2o T v PR22~ (224
1. The 'library’ is produced. It is a sample containing all the NoS 235
oligo subsequences generated by the shotgun specifically ‘ dwo gmau\' m S3 So e b
treated. L Proparstion [y d(} Q\SSUA-
2. The library is used to make the array. Any oligonuclectide of |
the library is in a fixed place on the array, the position is (m'h)- (& Sh;wp. Pos Oeze =22 NAJ=O ’PCJ:L!
random. The DNA is single strand and primed. e m  cl » \
Flush 3. A solution containing a pure base is flown on the array and a ] 5 o ( v “
single base is made to be attached to the growing chain. Run Ao~ tya~ o lo- Mdc.rp- e Pu~die~—eo
Scan 4. It is measure where and if an incorporation happened i . i ~
Selo- + 3 Cla 2 b.!l-t_ CoX-
5. The procedure is repeated from Step 3, using a different ¢ P.l?.: d' M s /
base CR-20 (e~ (_,'M\O‘-) .
6. For any pixel, the temporal series of measures gives the ) . ,
sequence of the corresponding oligonucleotide | :“’ Mm C}—'S’f"s Chane. e & Nthvero
TOCESSING

7. Using Software the original whole sequence is reconstructed [
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Pyrogram

e For any single pixel is recorded a specific signal. This

relates the sequence of insertion of bases to the SF,\“ -~ %"’3‘&& % VO W‘\\ﬁ-‘-‘t LSO 2

sequence of DNA
/’_— b2a: C— 35 SO \ncorporeie
Nudeotide sequence
C

G C - A GG C T >
§ & & W & & 0 PacBio (3rd generation)
Nucleofide added
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2o %Q-NQ,.,Q_'Q,Q, A Seenzren o, nano-well (1_single molecule per well)
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« The bases in solution are
labelled with 4 different
fluorophores

« Instead of being the

- polymerase moving on DNA

Hegsobovyaouy is DNA moving over the

= - fixed polymerase.
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Working principle

n P(Z’h_(-{} G-U&O o R 20w o manreaunzo, o WMonae

WL = Moo quiktho ‘o paie sdo 2Wuvo 2 cdoe

incorporated, the relative
fluorophore emits a
fluorescence flash, its color
depends on the kind of added
base.
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Towards 4th generation: nanopores

« A nanopore is a tiny hole in a membrane that separates two chambers
containing ionic solution.

« A voltage is applied across the membrane, a current is produced by ions
crossing the membrane through the hole

« When DNA enters in the pore, the ionic flow decreases and the measured
current is reduced.

« Any macromolecule crossing the pore blocks the current in a different way,
depending on its size.

« Measuring the current it is possible to know the size of the passmg molecule
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Aluminum of metal lines and bonding pad is too reactive and
must be «converted» into gold or platinum for electrochemical
detection.

The top passivation (Si;N,) is waterproof.
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Accurate (expensive) Electroplating
Limitation on materials High roughness
Temperature limitations:
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Rule 4 : try NOT to use
conductive substrates Contact pad

1cmx 0.01mm

is contributing ! 5 pm x <1 mm [ 2 mm x 3 mm
Electrolyte : / a4 [
SisNg —>200 nm : :3;:: :. C=3pF C=3pF C =220 pF
SlOZ = S . — i = =" 1
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C very big = A

(short circuit)
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sensors

Rigid microfluidics
Sealing issues

Cover with photo-patternable
soft passivation

Sacrificial layer
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Exercise 2
Consider the following set of microfabricated planar electrodes, including a pair of interdigitated working
electrodes (WE, and WE,) with 3 fingers each:

(8) b

(A) G = Spm

(=T [ c H = 604m
| Bipotentiostat : it L= 500
WEW WEy | I R T = 30pm
. A P = 100pm
iG v Q= 100um
1 = 60pm
Cores = 0.1pF fpm’
Vour R = 100k

-
W

Draw the correct signs of the
- Vas opamp input terminals
a) Draw the detailed scheme of a Bipetentiostat connected to the electrodes shown in (A).
b} For the Bipotentiostat of point a), set the biases in the circuit in DC in order to have the potential of WE, =
+0.5¥ (with respect to the solution), and the potential of WE, = -0.3V (with respect to the solution).

Now consider both working electrodes connected together to a single current amplifier as shown in (B):

¢} Determine the value of the double layer capacitance Cy connected at the amplifier input when the electrodes
are in PBS. Is the Cy of the counter electrode (CE) negligible?
d) Considering an ideal opamp and only the thermal noise of the feedback resistor R, determine the value of the
h BW (and ly of C) in order to have an input current resolution of 100pA RMS.
e} MNow considering the input equivalent voltage noise source of the opamp e, = 3nV//Hz, determine the value
the corner frequency and plot the input-referred noise spectrum.
) Considering a cyclic voltammetry measure in the macroscopic regime, if the area of the working electrodes is
reduced by a factor 2, how should the scan rate be modified to measure the same input current?
g)  What is the spatial accuracy of the mask aligner necessary to fabricate the electrodes in (A)?
h} Propose a scheme to measure the total current flowing from the COUNTER electrode (CE). ﬂg
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