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Basic principles

® Molarity : Number of moles of the substances in 1
dm?3 of solution.

B One mole: equal to molecular mass of the substance

B Molecular mass:
Da: daltons
kDa: Kilodaltons =1000 Da
M.: no unit
Relative molecular mass

= the molecular mass of a substance relative to
1/12 of the atomic mass of the 12C .



Units for Different Concentrations

Interconversion of mol, mmol and pwmol in different volumes to
give different concentrations

Molar (M) Millimolar (mM) Micromolar (juM)
Imoldm=3 1 moll® 1mmoldm™3 1 wmol dm =3

1 mmol cm—3 1 pmolcm ™3 1 nmolcm~?

1 pmol mm™ 1 nmol mm~? 1 pmol mm™3

................. asanaa

..........................................................................................................................................................................

Biological substances are most frequently found at relatively low concentra-
tions and in in vitro model systems the volumes of stock solutions regularly used
for experimental purposes are also small. The consequence is that experimental
solutions are usually in the mmoldm~3, pmoldm™ and nmol dm ™ range rather
than molar. Table 1.5 shows the interconversion of these units.



lon Strengths

Reason of deviation:

Presence of electrolytes will result In
electrostatic interaction with other ions and

solvents

Total ion charge In solution
— 2 2 2
M=1/2 *(c,z,+ c,z,*+....+ C,Z,9)

C,, C,, ...C,: CONcentrations of each ion in molarity
Z,, Z,, ...Z,: charge on the individual ion



Example 2 CALCULATION OF 1ONIC STRENGTHS

Answer

Calculate the ionic strength of (1) 0. 1 M NaCJ, (ii) 0. 1 M NaCl + 0.05 M KNO; +
0.01 M Na, SO,.

) : : 1
Ionic strength can be calculated using the equation p = 52@2.

(1) Calculating ¢2? for each ion:
Na*t=0.1X(+12=0.1M

Cl-=01X(—12=0.1M

Hence
%Ec;ﬁ =0.2/2=0.1M

(ii) Na* =01 X(+1)2+0.02X(+1)?=012M
Cl- =0.1x(-1)2 . =0.10M
K+ =005 X (+1)? = 0.05M
NO; = 0.05 X (~1)2 =0.05M
SO3™ = 0.01 % (—2)? = 0.04 M

Hence

1 1
EEczz =3 (0.36) =0.18 M



Activity and Activity Coefficients

Activity : the effective concentration in solution
A, = [Concentration | y,

Y, - Activity coefficient

B The coefficient establish the relationship between activity
and concentration.

B It will decrease when the ionic strength increases
(include concentration, charge and ion mobility)

e.g. 0.001 M Mg?* 0.872
Fe3* 0.738

Except for very diluted solution, the effective concentrations

are usually less than the actual concentration
6



Relative rate of reaction

Preparation of Buffer Solution
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Henderson-Hasselbalch Equation

For a weak acid, which dissociates as follows:
HA —- HT+ A"

B <A
E S

equilibrium constant =K, = K, =

logl0Ka = log10[H+] + log10[A- ] - log10[HA]
-log10[H+] = -log10Ka + log10[A-] - log10[HA]

pH = pK, +logy ([[‘:I‘m]]

oH = pK_ +log,, [c-c:-nj:ugate bajse] = pK. +log,, [pr-c:-t-c:-n an:n:eptc}r]
[conjugate acid ] [proton c:1c:-11-c:-8r]




Why is pKa useful?

pH = pK, +1t:-gm( L&L_]J

[Ha]

Perhaps it is useful to look at this in another way: If
we consider the situation where the acid is one
half dissociated, in other words where [A-] is
equal to [HA], then, substituting in the
Henderson-Hasselbalch Equation

oH = pKa + log10(1) This means that an acid is half
dissociated when the pH of the

pH = pKa + 0 solution is numerically equal to the
pH = pKa pKa of the acid.




4] -
pH = pE, +logy, HA—> H"+A
\I—LH
Acid | K PRal Acids with the lowest pKa
Trichloroacetic 2x107 |=1007|0.7
_ _ values are able to
Dichloroacetic | 5x10% 12102113 yissociate in solutions of
Monochloroacetic | 1.6 x103 | =1028| 2.8 .
Formic 511041 21057] 3.7 low pH, i.e. even where the
Benzoic = 8x105 | =1041] 4.1 hydrogen ion concentration
Acetic 19x10%|=1047] 47| IShigh.
H,CO, > 9x107 | =1065| 65| Acids with higher pKa
H,S 5.8 x10-8 | =1072| 7.2 values dissociate only in
HCN 13x10° | =1089| 8.9 solutions of high (more

alkaline) pH.
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Example 3 CALCULATION OF pH AND THE EXTENT OF IONISATION
OF A WEAK ELECTROLYTE

Calculate the pHof a 0.01 M solution of acetic acid and its fractional ionisation
given thatits K,is 1.75 X 1075

To calculate the pH we can write:

tate—J{H*
Kk, = acetate M1 _ ) oo y0-s
[acetic acid]
Since acetate and hydrogen ions are produced in equal quantities, if x = the
concentration of each then the concentration of unionised acetic acid remaining
will be 0.01 — x. Hence:
X
0.01 — x
1.75 % 1077 — 1.75 X 107 3x = x2

1.75 X105 =

This can now be solved either by use of the quadratic formula or, more easily, by
neglecting the x term since itis so small. Adopting the latter alternative gives:

xr=1.75 =107

hence

x =418 > 10~+M

hence

pH = 3.38

Note that this solution has ignored the activity coefficients of the acetate and
hydrogen ions. They are 0.90 and 0.91 respectively at 0.01 M and 25 °C. Inserting
these values into the above expression and assuming that the activity coefficient of
acetic acid is unity gives:

(200.900)0.91
001 — x
Solving this equation for x gives a value 0of 4.61 >x 10—+M, and hence a pH of
3.33. This illustrates the relatively small influence of activity coefficients in
this case.
The fractional ionisation («) of the acetic acid is defined as the fraction of the 11
acetic acid that is in the form of acetate and is therefore given by the equation:

1.75 X 1075 ==

[acetate]



Quantitative Biochemical

Measurements
B What to study? Model
@ How to study Method
M Is the results correct? Performance

@ How to Iinterpret results? Report

12



Quantitative Biochemical
Measurements

® Analytical Considerations:
(I) Test Model :
IN VIVO V.S. In VItro
Material: urine, serum/plasma/blood
Matrix v.s Analyte
Sampling v.s population

13



IN VIVO V.S. INn VItro

Invivo:  In aliving cell or organism

Invitro:  Biological or chemical work
(in glass) done In the test tube

14



Sampling v.s Population

Population: Representative portion of analyte
Heterogeneous v.s HOomogeneous

S

Extraction Methods:

M Liquid extraction

B Solid-phase extraction
M Laser microdisection
(cancer cell)

15




Quantitative Biochemical Measurements

(I1) Selection of Analytical Methods

B Qualitative v.s Quantitative analysis

® Chemical and physical properties of
analyte

M Precision, accuracy and detection limit
M Interference from matrix

B Cost and value

M Possible hazard and risk




Precision v.s. Accuracy for
Quantitative or Numerical data

Accuracy— a measure of rightness.

Accuracy can be defined how closely a measured
value agrees with the correct value.

Accuracy is determined by comparing a number to a
known or accepted value.

Precision — a measure of exactness.

Precision can be defined how closely individual
measurements agree with each other.

It is sometimes defined as reproducibility .



Accuracy | Precision Accuracy | Precision

y y y X

The average is close
to the center but the
Individual values are

not similar
Accuracy | Precision Accuracy | Precision
X X
x V 18




Physical Basis of Analytical Methods

Physical properties that
can be measured with
some degree of precision

Examples of properties used in the

Protein

L ead

Oxygen

Extensive

Mass
Volume

Mechanical

+

+

Specific gravity
Viscosity

Surface tension
Spectral

Absorption
Emission
Fluorescence
Turbidity

Rotation
Electrical

|+ HH

+

Conductivity
Cuurent/voltage

Half-cell potential
Nuclear

Radioactivity

+ 1




Major manipulative steps in a generalized
method of analysis

Purification of the test substance

{
Development of a physical characteristic by the formation of a

derivative
)

Detection of an inherent or induced physical characteristic
Signal amiplification
Signal me:surement
Compttation
Presentatiin of result 20




Quantitative Biochemical
Measurements

(1) Experimental Errors
= Systematic error

= Random error D

Standard Operation Procedures
(SOP)

21



Systematic Error
M Constant or proportional (Bias)
W Also called
Overestimation /underestimation

(1) Analyst error: pipette, calibration, solution
preparation, method design

(2) Instrumental error: contamination of
iInstrument, power fluctuation, variation in T,
PH, electronic noise

(3) Method error: side reaction, incomplete
reaction

22



ldentification of Systematic Errors

® Blank sample

® Standard reference sample

m Alternative methods

® External quality assessment sample

23



Random Error
W Variable, either positive or negative
B also called
Indeterminate error

(1) Instrumental error: random electric noise

24



Standard Operating Procedures
(SOP)

Detailed, written instructions to achieve uniformity
of the performance of a specific process,;

Include:

® Quantity/quality of reagent

W Preparation of standard solution
W Calibration of instrument

® Methodology of actual analytical
procedures

25



Assessment of Performance of
Analytical Method

The NEW ENGLAND JOURNAL of MEDICINE

Question:
What Is the correlation of the memory
of Immune cell and cancer metastasis?

Will 1t affect the survival rate’?
B E 7 %)

Franck Pagés, M.D., Ph.D., Anne Berger, M.D., Ph.D,, Ma I’ueut amus,”’M.Sc,
Fatima Sanchez-Cabo, Ph.D., Anne Costes, B.S., Robert Molidor, Ph.D.,
Bernhard Mlecnik, M.Sc., Amos Kirilovsky, M.Sc., Malin Nilsson, B.S,,

Diane Damotte, M.D., Ph.D., Tchao Meatchi, M.D., Patrick Bruneval, M.D., Ph.D.,,
Paul-Henri Cugnenc, M.D., Ph.D., Zlatko Trajanoski, Ph.D
Wolf-Herman Fridman, M.D., Ph.D., and Jéréme Galon, Ph.D

NEJM, 353, 2654-2666, 2005 26



Background

The role of tumor-infiltrating (7 /&) immune cells in
the early metastatic invasion (3& #% |+ % §=) of
colorectal cancer ( E % &) is unknown.

Methods

We studied pathological signs of early metastatic
iInvasion (venous emboli # %% and lymphatic #
= and perineural invasion(#¥ &3 F ) in 959
specimens of resected colorectal cancer. The local
Immune response within the tumor was studied by
flow cytometry (39 tumors), low density-array real-
time polymerase-chain-reaction assay (75 tumors),
and tissue microarrays (415 tumors).

27



Table 1. Disease-free and Overall Survival among 959 Patients with Colorectal Cancer.

Disease-free survival ~ Overall survival

Characteristic MNo. of Patient
5] yr Median P 5 ¥ Median P Value®
% mo value % mo
Tumor (T) staget <0001 <0.001
pTis 39 48.7 55.7 48.7 55.7
pT1 54 42.6 52.2 44 .4 53.8
plT2 156 40.4 436 44 2 49.1
pT3 502 237 16.5 26.7 25.8
pT4 208 16.8 1.6 17.8 16.8
Modal (M) status =0.001 =0.001
Megative 568 5.4 id.6 38.6 43.1
Positive 384 15.1 4.3 16.7 16.9

Mt 7

B Disease-free survival (DFS) denotes the chances
of staying free of disease after a particular treatment for a
group of individuals suffering from a cancer.

m Overall survival is a term that denotes the chances
of staying alive for a group of individuals suffering from a
| cancer.
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Interpretation of Quantitative Data

Table I
Levels of LDE in the CSF of Administrators and Controls
Group Number Mean SD
Administrators 25 25.83 5.72
Controls 25 17.25 4.36

Is the difference of measured mean values
from the two groups significantly different ?




How do we evaluate the data ?
Are the two groups different?

Normal control (

r

52 54 |Cancer Patient (%)




Normal v.s Patient?

A. Discrimination - Comparison of Data
Groups
1. 2 groups with equal variances
2. 2 groups with unique variances

B. Receiving Operating Characteristic (ROC)
curve
1. 2 X 2 contingency table
2. sensitivity & specificity
3. plotting ROC curve
4. uses of ROC curve 32



When the two study groups do have
statistically significant difference,
how do evaluate the correlation of

any new data with the two groups?

33



Receilver Operating Characteristics Curve
(ROC curve analysis)

The diagnostic performance of a test, or the accuracy of a test to
discriminate diseased cases from normal cases is evaluated
using Receiver Operating Characteristic (ROC) curve analysis

Criterionvalue

=

Without
disease

FN |pp

With
disease

Testresult

TN: true negative
FN: false negative
TP: true positive
FP: false positive



2 X 2 Contingency Table

Healthy

Disease

/N
A .

Diagnosis threshold

Healthy

A

t—

Disease

ZIN

“’h

Diagnosis threshold

Result Disease (true) |  Total
Absent | Present
Normal (negative) a b a+b
Disease (positive) C d c+d
total a+c | b+d | a+b+c+d

Correct

Wrong

35



Distribution of internal

responses when no Distribution when
turmor is present. tumar is present,
z \ /
=
‘.g criterion response
= ¥
=
L - . = " = " ' " E
0 5 10 18 20 25 o miss hit
Internal responsa HE_
internal responsea
correct reject
=
E false alarm
L
2
i

Intemal responsa



NO

Tumor _
tumor Hits = 97.5%:

False alarms = 84%5;

Hits = 8455
False alarms = 50%

Hits = 5055
False alarms = 16%

37



Receiver Operating Characteristics (ROC) Curve

d' =1 {lots of overlap) d' = 3 (not much overdap)

High noise, Low noise,
Lots of overlap Not much overlap

1.0

ROC curves

0. 0.5 1.4
Falza alarms



Sensitivity & Specificity
B Sensitivity

 probability that a test result will be positive when the
disease Is present (true positive rate, expressed as a
percentage).

Sensitivity = P(disease positive | disease)
=d/ (b+d)

— True Positive

(1-sensitivity) : False Negative

39



Sensitivity & Specificity

MW Specificity

 probabllity that a test result will be negative
when the disease is not present (true negative
rate, expressed as a percentage)

 Specificity = P(disease negative | noraml)

. = a/ (atc)
— True negative
(1-specificity) : False positive

40



Sensitivity and Specificity versus
Criterion Value

Specificity
True Megative rate

True FPositive rate
Sensitivity

Criterionvalue

When you select a higher criterion value, the false positive fraction
will decrease with increased specificity but on the other hand the true
positive fraction and sensitivity will decrease.

When you select a lower criterion value, then the true positive fraction
and sensitivity will increase. On the other hand the false positive
fraction will also increase, and therefore the true negative fraction ,,
and specificity will decrease.



Plotting ROC Curve
Receilver Operating Characteristics Curve

W Yih : Sensitivity (true positive)
H X#h (1-specificity ) (false positive)
(normal, but wrong diagnosis)
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Uses of ROC curve to Determine
Diagnosis Threshold

B Area under Curve 1 Comparing ROC Curves
(AUC) 09 - =
—0.9~1.0: excellent 5.

— 0.8 ~ 0.9: good 07 -
— 0.7 ~ 0.8: fair § 06 -
— ~ - o= ;)

0.60_ 0.7: poor g 05 /

y pt|mu;n cut point ;S o 04 I

- o

/ 3 0.3 A ——Worthless
. S = 02 — Good
E 50 0.1 Excellent
* D I ! I | 1 | 1 | |
0 010202040506 070809 1
dor = 7, False positive rate

False Alarm Rate



