Organizational

M Instructor contact

J mscohen@g.ucla.edu, 310-980-7453. Suite 17-369 NPI
d Please include NITP in the subject line of emails

M Sections and TAs
D We dO NOT have d TA thlS year :—( Don't have a login? Create an account.

You must have cookies enabled to log in to Brain Mapping.
B Wiki Web site:
= Username: ' Sarah Bellum| «

1 http://ccn.ucla.edu/wiki/index.php/ Password: feeeeee.
Principles of Neuroimaging - 2015 2016‘ S e

B Username: NITP Password: 2007

Log in
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Organizational

B Problem Sets Due one week after assignment (usually)

d Send via email to Mark (mscohen@g.ucla.edu)

M Journal Club
J Contact:
J Katherine Lawrence (katherine.E.Lawrence@ucla.edu) or

J Janelle Liu (janelle.j.liu@ucla.edu)
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Academic

Re: I U i Femen tS Matlab 2014A* Mac/Win (9163919)... 99

B MATLAB
M Signal Processing for Neuroscientists

THECARTOON GUIDE TO

e

B Cartoon Guide to Statistics (optional) A Dy
M Class List s |

Class List sign up [edit]

As s0on as possible, please add yoursel 1o th st of students i th class. Cass List @
M Pre-Requisites

1 Basic Statistics

J Programming

d Integral Calculus

1 Functional Neuroanatomy (concurrent is OK)
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More read ing

Matlab for Neuroscientists: An Introduction to Scientific Computing in Matlab [Hardcover]

; 1
C_Ilclc to LDDI{INSIDE' Pascal Wallisch (Author), Michael Lusignan (Author), Marc Benayvoun (Authar), Tanva 1. Baker (Author), Adam Seth Dickey
i [(Author), Nicho Hatsopoulos (Authar)
Matlab f[]'?' fricdrdey’s [+ (10 customer reviews) | [ Like | (16)
Neuroscientists ok brice EIOE
An Introduction to Scenthc .
E'.unr:-lp‘::':il:; '||r:‘\-.-'1.1li:'|h[ Price: $59-?4 '-.Mme

You Save: $20.21 (25%)
In Stock.

Ships from and sold by Amazon.com. Gift-wrap available.

Want it delivered Saturday, September 247 Order it in the next 3 hours and 55 minutes, and choose Dne-Day Shipping at
checkout. Details

"'1_.3 o 33 new from $40.94 28 used from $42.91

Pavcal Wallich + Mlicha] Lusignae : Get 50% off Amazon Prime. Learn more
Sarg Denapoiin ® Tava | aker [ F
Mun.‘\.Lll:l:I: l’:\Lt;h‘-IL:H.'.‘l. Hamscproulkos @




Conceets (M284A)

B Neural Signal Sources

M Digital Signal Processing

M Statistics

B Noise

M Electricity and Electronics
B Modeling

M Filters

M Sparsity

B Optics and Optical Imaging
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Grading
B Determined by Problem Sets, Midterm, Final and
Participation
J Participation 10%
1 Problem Sets 25%

J Midterm 30%
J Final 35%

B M284 is a required course for some students
continuation in several Ph.D. programs, grading will

be rigorous.

) [FE UROLmAGING Center for ~ Vo
GRAL Cognitive Neurosciencg

\,»



EUROIMAGING

S
~mn B




the UCLA Neuroimaging Training Program

B NIH-Sponsored Program Promoting
Multidisciplinary Training
Neuroscience, Statistics, Mathematics, Physics,
Engineering Computer Sciences

M Six Graduate Fellowships (including non-US
nationals)

B Annual Summer Advanced Fellowship
B Only Three Such Programs Funded

\L] NEUWN& e®o00o UCLA-Semel Institute Neuroimaging Training Program
Jj % mﬂliNlNﬁ \ [ - | > ] [ (v ] [ﬁl B3 http: / /www.brainmapping.org/NITP/ ~Q~ ucla nitp @ u Center for




How to Apply for Training

B NITP Will Prepare a Certificate for students
completing the requirements. This does not
depend on receipt of a fellowship.

B Requirements:
A M284A/B
. Journal Club

M Discuss with Home Department
B Contact Mark Cohen
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Neuronal Anatomy
and Electrical Activity

Mark S. Cohen

UCLA Psychiatry, Neurology, Radiology, Psychology,
Biomedical Engineering, Biomedical Physics

Suite 17-369 NPI

Center for
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1)

Cohen

Topics

e anatomy of single neurons

e resting and action potentials

e transmission of signals

e chemical and electrical synapses
e information coding

e BOLD and unit activity

_{

“HEG & SITE

_{

e MR-visible effects

©2010 Mark Cohen, all rights reserved
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Types of Neurons

Dendrites

.‘“I""'\-‘;l"_ x "-I'F I:

| 5".: F ] \'ﬁ::x
j? h'; oma (cell' body)

b
r [

RN SN
<

A 'd‘g‘kf X o 3
S G
Kl Nl s o)
S b"\ @.‘ [ ’é"%@,ﬂ%’% !
RO e o
N%%“ SRR ARG
PAIINE <
b T |\ e 7

e (A e e M
” ’ | ﬂ}f«’ﬁ" ﬁ'&, g&,’% SN
W e, SN 5D S i

—

/ AN
.\ A

Axonterminals | T AXon - \c

F Iu
Center for oy

Cohen ©2010 Mark Coh ] m ( c
ohen, all rights reserved www.brainmapping.org Ogr]i tive N
P Cognitive Neurosciendg




Resting Potential

Typical:
-90 < resting potential < -60 mV

]]]I 5
ucLA Center for B\
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Development of the Membrane Potential

]”'F § r '_r_ &

KA IAdl
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Development of the Membrane Potential

Center for
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Development of the Membrane Potential

[CI L™~insided de]
[Couts de]

=~ 27TmV |n-——nsde [Cunse|

outside

Nernst Potential:

T ks

Center for
Cohen ©2010 Mark Cohen, all rights reserved www.brainmapping.org Cog‘ni tive Neurosciendg




Observed lon Concentrations

Nernst Potential
@RYAL®

[Na+] 460 mM ................. > [Na+] 50 mM +60 mV

RT | Pu[Aloc Bl P, [x1, P, Y,

F pA[A]in pB[B]in px[x]out py[y]out

A,B are cations

X,y are anions

R

] I”
UCLA Center for

Cohen ©2010 Mark Cohen, all rights reserved www.brainmapping.org Cogr]] tive Neuroscien "




Structure of the Cell Membrane

Polar
S nm Head

Extracellular Fluid Glycoprotein

Peripheral Protein
Cytoskeletal Filament

Integral Protein CytOpI asm

Note: E-fieldis>10 MV/m!

Taken from Human Biology by Daniel Chiras

T
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The Neural Membrane

Observed Capacitance: 1 IF/cm?
ince: 1.1k
Since: C

" Andx 1072

If k (the dielectric constant) is about 6,
thend=5x 107cm =50 A.

If PD.=0.1Volt, thenthe E field Is
2Xx10’V/m!

KA IAdl

|m LA e,
Cohen

©2010 Mark Cohen, all rights reserved www.brainmapping.org COS’H] tive Neurosciendg




Electrical Behavior of Neurons

=

AXxon
Ringer’s Sol’'n
In
| L]
out
50mV - “* Action Potential”

-50

-100 -

ucLA

Center for

Cohen ©2010 Mark Cohen, all rights reserved www.brainmapping.org CO?jﬂi tive Neurosciende




Current and Voltage

100 —

_ Sodium Permeability

Transient conductance increase

oo Potassium Permeability

— \oltage-dependent conductance

0o—T——— /
il Neurons are REFRACTORY
after each Action Potential
= Membrane Potential
100 | | | | | | | |

| 1 ms, After Hodgkin and Huxley, 1952 e

(L

Center for
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Sodium Leakage with Action Potentials

Cell Volume =9 x 10 -13 liters,
about half of which is liquid. [|][|][|][][I][I]*[][I][I][l][l][l][

At 40 mM Sodium:
= 4.0 x 10°'* Moles Sodium/cell

Na+

~—_

N

With Each Action Potential:
AV = 0.13 Volt 10 pum
Q=CV=1.3x 107 Coulombs /cm?
= 1.4 x 1012 Moles/cm?

Surface Area = 2.8 x 10> cm? C = TpF/cm?
Each AP passes 3.7 x 10" Moles of Na+

[Na+] is increased by 0.1% with each Action Potential!

[ I[\i EN&WM




Passive Flrlng of Action Potentials

J. Physiol. (1962), 164, pp. 330-354
With 5 plates and 12 text-figures
Printed in Great Britain

REPLACEMENT OF THE AXOPLASM OF GIANT NERVE
‘ FIBRES WITH ARTIFICIAL SOLUTIONS

By P. F. BAKER, A. L. HODGKIN axp T. I. SHAW

Rubber-covered W mmm—m———
roller

©2012 Mark Cohen, all rights reserved www.brainmapping.org C08n|t|ve Neuroscien ,- 23




Sodium Potassium Pump

After Matthews and van Holde: Biochemistry 2/e Initial State
Pump Open to Inside

Potassium Expelled
to Inside °

Na+ Taken from Inside

Dephosphorylation
Stimulates Conformation
Change

ATP Phosphorylates o
Subunit and Stimulates
Conformation Change

Two Potassium
lons Accepted
from Outside

Sodium is Released

F I” Pump Open to Outside 1 E
€
UCLA ,

Cen .
Cohen ©2010 Mark Cohen, all rights reserved www.brainmapping.org C()gﬂi tive Neurosciendg
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Cable Properties

Extracdlular
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Voltage/Pressure Analogy

Current

|

Current

UCLA Center for

Cohen ©2010 Mark Cohen, all rights reserved www.brainmapping.org C'O?j'ni tive Neurosciendg




Cable Properties

Extracellular
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For vertebrate neurons:

f k 0.5msec<t<5msec
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Propagation of the Action Potential

_/ Nthresh C——thresh

Resulting Vel ocity ~1-3m/sec

T ks ) |

UCLA Center for
>

| —
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Propagation of the Action Potential

Vl V3-
e _/ N\thresh
Vs A

O | | | |

thresh //\w%h

Resulting Vel ocity ~1-3m/sec

ucLA
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Propagation of the Action Potential

)\ et P

Resulting Vel ocity ~1-3m/sec

”]'FT
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Propagation of the Action Potential

7\
/' “_thresh thresh

Resulting Vel ocity ~1-3m/sec

i L R
UCLA .
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c
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Propagation of the Action Potential

_/ Nthresh C——thresh

Resulting Vel ocity ~1-3m/sec

T ks ) |

UCLA Center for
>

| —
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Propagation of the Action Potential

Vl V3-
e _/ N\thresh
Vs A

O | | | |

thresh //\w%h

Resulting Vel ocity ~1-3m/sec

ucLA

Cohen ©2010 Mark Cohen, all rights reserved www.brainmapping.org C()g’r]i tive Neuroscien \~




Propagation of the Action Potential

)\ et P

Resulting Vel ocity ~1-3m/sec

”]'FT
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Propagation of the Action Potential

7\
/' “_thresh thresh

Resulting Vel ocity ~1-3m/sec

i L R
UCLA .
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Propagation of the Action Potential

Vl V3 ]
o o] —+— |
V2 V4_
0 | | | | 0 | | \

| _——lhresh // \\d%h

Resulting Vel ocity ~1-3m/sec

”]'FT
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Myelin Sheath

o

microtubule

YAR D
i v Tt
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Nodes of Ranvier

I (YA D .
2
Center for -
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Saltatory Conduction

| nter node:
High Membrane Resistance
Long Spatial Constant
Short Time Constant
Efficient Electrotonic Conduction

S
=

AXon

Node:
Low Membrane Resistance
High Membrane Current Flow
Fires Action Potential

Action Potential Regeneration

0 I”
UCLA Center for

Cohen ©2010 Mark Cohen, all rights reserved www.brainmapping.org C'O?j'ni tive Neurosciendg




White and Gray Matter

Trans-Cal ossal
Fibers

Optic
Radiations

Arcuate Fibers

— - - il

il

www.brainmapping.org

PARIETAL FIBRES —__

L € ) a2l § ¥ FRONTAL
b B 4 ( ( ’ FIBRES
OCCIPITAL~___ et ! ;(_ B /
FIBRES et SUSERRE N _:,;‘-..,_ .

PEDUNCULUS

TEMPORAL -~ CEREBRI

FIBRES

CEREBELLAR
FIBRES

Cohen ©2010 Mark Cohen, all rights reserved




EPSP’s: Excitatory Post-Synaptic Potentials

Muscle end plate potentials
Recorded in low Ca2* / high Mg?*
Boyd & Martin, 1956

fime (s)

N
o

-
(o))

Amplitudes are quantized
and display a Poisson

=
N

# of Observations

: distribution
Ae?
LT f(kiA)=
08 1.2 1.6 20 24 2.8 kl
- Measured Potential (mV) LA Dy
1) I 5
UCLA Center for AR
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Reversal Potential

Outward ‘ epsp’ S result from mcreased K
200 with
Set + —
0 nA 407 +
\V/ .
200 — L out
|nward
v Extra-cellular fluid
| | | | | | | | |
0 2 4 6 8 msec
YR D
”"F After Magleby and Stevens, 1972 3
Center for =
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Neural Synapse

Microtubules 2N

Synaptic vesicles

Synaptic Bouton
Synaptic Cleft

Synaptic Cleft

Golgi Complex

Mitochondrion

Dendritic Spine

Presynaptic Membrane Postsynaptic Membrane

F I = From: http://www.driesen.com/synapse.htm
UCLA

-
Cohen ©2010 Mark Cohen, all rights reserved www.brainmapping.org Cogﬂi tive NZU roscien




Synapses by EM

T Atlas of Ultrastructural Neurocytology
1)) I http://synapses.mcg.edu/atlas/l 6 1.stm
UCLA Center for '
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Synaptic Mechanism (movie)

Delay from Presynaptic
Action Potential to
Post-synaptic Voltage
Changeis= 0.5 msec

& Digital Frog Intermational
www digitalfrog.com

n I”

UCLA Center for
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Synaptic Vesicles

synaptic vesicle

ok A | . X
iyl 1 i
- ., il:-_ﬁ..:‘.!_-"._.,:i.:..p-b {

Vesicle :

METTILrarne l..l T

Plasma | & T I .
] & L} %

membrans | i

Outside

a2+ channel Caz* channel

' A =, I
o . ~ e =T
Syntaxin  SNAP-25 Leas

Exocytosis of Transmitter requires Caz+

From: Matthews, G. Neurobiology: Molecules, Cells and Systems 2nd edn
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Neurotransmitters

Small Molecules: Peptides
Acetylcholine Angiotensin 1l Motilin
Serotonin Bradykinin Neurotensin
Histamine Beta-endorphin Neuropeptide Y
Epinephrine Bombesin Substance P
Norepinephrine Calcitonin Secretin
Dopamine Cholecystokinin  Somatostatin
Adenosine Enkephalin Vasopressin
ATP Dynorphin Oxytocin
Nitric Oxide Insulin Prolactin
Galanin Thyrotropin
AMINGACIGS Gastrin THRH
Asgpartate Glucagon L uteinizing Hormone
Gamma-aminobutyric Acid GRH Vasoactive Intestinal Peptide
Glutamate GHRH ...and many others
Glycine

[I
UCLA

Cohen ©2010 Mark Cohen, all rights reserved
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Electrical Synapses

- - ,
DR ARG

( 50 nm

UCLA
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Gap Junction Microstructure

Gap Junction

Channel Connexon

NH3*

onnexon
Subunit
Gap Junctions have
no synaptic delay,
5. COO- |and may act as
| simple resistance or

as electrical rectifiers

Intercellular Gap

Modified from: http://aids.hallym.ac.kr

1) 1 ) !@?
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SpatioTemporal Summation of psp’s

2 mvl/ﬂgle P

B |
0) 8 ms
127
6_
0)
-2 Summated epsp’s
m'F PN
http://www.oseplus.de/Images/jpg/Synapsel.jpg o )
U LA Center for -
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Integration of Inputs

Electrotonic properties of cells
= can result in spatial
LS |information zones within cells

1) ; .r)’%-'-*-l':} 7
1) Se=y

UCLA Center for
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Dendritic Spines

Atlas of Ultrastructural Neurocytology

1) 2
]]]I ’ @? 3
UCLA Center for .
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How Do Neurons Encode Information?

Action Potentials are |dentical!

Center for

. 3 Tt “ *'
Uc i e
Cohen
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Place Encoding - Basilar Membrane

Frequency

1) 'F} | | -! , -

Center for
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Inhibition

| |
0 5 10 15 ms

Reversal potential of Cl-is near the ¢
resting potential. Therefore, its
Inhibition may be silent.

EGLA e
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Pre-Synaptic Inhibition

Excitatory Synapse

r,r
UCLA

nter for = Y.
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What Might We Detect?

* Energy Demand

* Direct Electrical Signaling
* Morphological Differences
e Chemical Concentrations

* Tissue Density

e Fat/Water

* ¢ctcC...

1)

]F/( for
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How does BOLD relate to neural firing?

Energy Demands in Transmission

Pre-synaptic:
Transmitter Synthesis
Exocytosts

Transmitter re-uptatke

Post-Synaptic
Maintenance of membrane potential after ion leakage
Excitatory: Removal of Sodium (Na/K pump)
Inhibitory: 777

' A
F IRV - e

Center for
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Logothetis Results

LFP = 40-130 Hz —
MUA =300-1500 Hz =

Pulse Duration 24 sec

ADC Units

=
o
5
=
o
O
=
e
=
T
2
i
o

log Power (dB)
M a6 O
OO O 50 5O

Time in Seconds

N Logothetis, et al., Nature 412:152, 2001 YA D
1) & A
UCLA Center for 1
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Is results

Logothet

asuodsay pazijew.IoN

Contrast

Time

LFPMUBzniter for

Time

U
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Types of Neurons

'\.....

T3

1 YR D
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Presumed Origin of the EEG

“p q"
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Skin
Bone

CSF
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Many Neurons are Not “Seen” by EEG

1) I” ' | ,)—« ;

ucth Center for
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General Limitations in EEG Localization

* Deeper Sources Show Weaker Signals

* Magnitude Depends on Dipole Orientation

* Magnitude Depends on Temporal Synchrony
* Magnitude Depends on Spatial Coherence

* Conductivity of Body Tissues (CSF, scalp) Blur the Scalp
Potentials

F’F
ucLA
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The problem of Noise

" "WI"" |'II‘W1"““

Tl &

UCLA
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Blurring and Filtering




