Molecular docking: Rigid docking, flexible docking, manual docking; Docking
based screening. De novo drug design.

Quantitative analysis of Structure Activity Relationship
History and development of QSAR, SAR versus QSAR,
Physicochemical parameters, Hansch analysis, Fee Wilson
analysis and relationship between them.
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Molecular Docking

Molecular docking is a computational simulation technique in drug discovery and
molecular biology.

It predicts the orientation and binding affinity of a ligand (drug, inhibitor, or small
molecule) when it interacts with a biological macromolecule (protein, enzyme, DNA,
RNA, receptor).

The ultimate goal is to identify the best fit between ligand and targeft, similar to a
lock and key mechanism.


https://goodnotes.com/

Docking is based on molecular recognition, i.e., how molecules recognize and interact
with each other.

Two fundamental models:

-Lock and Key Model: Binding site is rigid: ligand must perfectly fit.

-Induced Fit Model: Both ligand and binding site undergo conformational changes to
achieve better fit.

A docking algorithm explores possible ligand conformations and orientations in the
binding pocket, while a scoring function evaluates binding strength.


https://goodnotes.com/

Types of Molecular Docking-

Rigid Docking - Both ligand and protein are treated as rigid bodies (fast, less
accurate).

Flexible Docking — Ligand and/or protein side chains are flexible (realistic, more
accurate).

Blind Docking - Performed without knowing the active site; ligand is screened over
the whole protein surface.

Site-Specific Docking - Binding site is predefined and docking is limited to that
region.


https://goodnotes.com/

DEPTH OF BLOLOGY

Steps in Molecular Docking
-Target Preparation
Obtain protein/macromolecule structure (from PDB, X-ray crystallography, NMR, or
homology modeling).
Clean structure by removing water molecules/ions, add hydrogens, assign charges, and
optimize geometry.

-Ligand Preparation
Draw or import ligand structure.
Optimize energy, generate 3D conformers, and assign proper charges.

-Docking Simulation
Place ligand into the target binding pocket.
Generate different orientations and conformations (poses).

A th Goodnotes
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Scoring Function-

Calculate interaction energy between ligand and protein.
Parameters considered:

Hydrogen bonding

Hydrophobic interactions

Electrostatic forces

Van der Waals interactions

Steric complementarity

Ranking and Analysis-
Ligands are ranked according to binding scores.
Best poses are analyzed to study key interactions.
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Applications of Molecular Docking-

Drug Discovery and Development: Virtual screening of large compound libraries.
Lead Optimization: Designing analogs with improved binding.

Rational Drug Design: Structure-based design of new inhibitors or modulators.
Enzyme-Substrate Studies: Understanding enzyme catalysis mechanisms.
Protein—Protein / Protein—-DNA / Protein—-RNA Interactions: Studying molecular
recognition.

Advantages

Cost-effective and less time-consuming than experimental methods.
Can screen millions of compounds rapidly.

Provides detailed information about binding orientation and interactions.
Useful in both early hit identification and advanced lead optimization.
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Rigid Docking

Molecular docking is a computer-based method used to predict how a small
molecule (ligand) binds to a macromolecule (protein, enzyme, DNA, RNA).
Rigid docking is one of the simplest docking approaches.

In this method, both the ligand and receptor are treated as rigid structures
— no bond rotations or conformational changes are allowed.

In simple words: Rigid docking = fitting a solid key into a solid lock.
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Steps in Rigid Docking-

1. Protein Preparation
Obtain structure (from Protein Data Bank or modeling).
Remove water, add missing atoms, add hydrogens, assign charges.

2. Ligand Preparation
Build ligand structure in 3D.
Keep it rigid (one conformer, no bond rotation).

3. Pose Generation (Search)
The ligand is placed in many orientations and positions inside the binding pocket.
This involves rotation and translation of the ligand.
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Scoring-

Each pose is scored based on:

Shape complementarity (does it fit well in the pocket?)
Hydrogen bonds

Hydrophobic interactions

Electrostatic interactions

Ranking and Output-
Poses are ranked according to score.
Top-scoring poses are predicted binding modes.
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Scoring Functions in Rigid Docking-

Scoring functions are mathematical models that estimate binding energy. They usually
include:
Steric fit / Shape complementarity — no clashes, good packing.

Van der Waals interactions — attraction/repulsion of atoms.
Electrostatics — interaction of charges.
Hydrogen bonding — stabilizing interactions.

Desolvation / Hydrophobic effect (simplified).
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Types of Rigid Docking-

Protein-Ligand Rigid Docking
Small rigid ligand docked into rigid protein.
Protein-Protein Rigid Docking

Used for large biomolecules like antibodies and enzymes.

Applications-

Initial virtual screening of large compound libraries (fast).
Protein-protein docking where conformational changes are minimal.
Preliminary binding analysis before flexible docking.

Drug discovery - early-stage filtering of candidates.


https://goodnotes.com/

Advantages
Simple and fast — suitable for millions of compounds.

Requires less computational power compared to flexible docking.
Useful for rigid systems (like protein—protein complexes).
Can give a quick first idea of binding modes.

Limitations

Ignores ligand flexibility (rotatable bonds).

Ignores protein flexibility (side chain movements, induced fit).

Binding energies may be inaccurate.

May produce false negatives (missing real binders that require flexibility).

Examples
HIV protease inhibitors — early docking studies sometimes used rigid docking.

Protein—Protein interactions (like antigen-antibody complexes) are often studied first with rigid
docking.

Made with GOodnotes
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2. Flexible Docking -

Molecular docking can be rigid or flexible depending on how much structural
flexibility is allowed.

Flexible docking is a more advanced form of docking where ligand (and sometimes the
protein receptor) is allowed to change its conformation during the docking process.

This approach is based on the Induced Fit Model of molecular recognition, where
both ligand and protein can adjust to achieve better binding.

In simple words: Flexible docking = fitting a bendable key into a slightly adjustable
lock.
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-Flexible docking is a computational technique in which the ligand and/or protein are
treated as flexible structures, allowing bond rotations, torsions, and conformational
adjustments during docking, to predict the best binding mode and affinity.

Types of Flexibility in Docking-

1. Ligand Flexibility Only

Protein is rigid.

Ligand can rotate around its bonds and adopt multiple conformations.
Most common type (used in many virtual screening tools).

2. Protein Flexibility Only

Ligand is rigid.

Side chains or loops of the protein can adjust.

Used when the proteins binding pocket is known to move.
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3. Full Flexibility (Both Ligand and Protein)-

Both ligand and protein are flexible.
Most realistic, but also most computationally expensive.

Steps in Flexible Docking-

1. Protein Preparation
Obtain 3D structure, clean it (remove water, add hydrogens, assign charges).
Select flexible regions if protein flexibility is considered.

2. Ligand Preparation
Build ligand structure.
Define rotatable bonds to allow conformational changes.
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3. Pose Generation-

Docking program generates many conformations of ligand (and protein if flexible).
Ligand is rotated, translated, and twisted to fit binding site.

4. Scoring Function

Each pose is scored based on binding energy:

Hydrogen bonding

Hydrophobic interactions

Electrostatic forces

Steric complementarity

Conformational energy penalty (for adopting certain shapes)

5. Ranking and Analysis
Best scoring poses are selected.
Detailed analysis of ligand-protein interactions is performed.
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Applications-

Drug discovery - accurate prediction of binding modes.

Lead optimization — testing analogs with different flexible side groups.
Protein-ligand interactions where conformational changes are expected.
Enzyme-substrate studies where the active site adjusts during catalysis.
Virtual screening for selecting hits from compound libraries.

Advantages-

More realistic compared to rigid docking.

Can model induced fit and flexibility of molecules.

Gives better accuracy in predicting binding modes and affinities.
Useful for proteins with dynamic binding pockets.


https://goodnotes.com/

Limitations

Computationally expensive (takes more time and power).
Requires complex algorithms and more input data.

May generate too many conformations — difficult to analyze.

Accuracy still depends on scoring functions (which are not perfect).

Examples

Kinase inhibitors: Kinase binding pockets are flexible, so flexible docking is necessary.
HIV reverse transcriptase inhibitors: Ligands often induce conformational changes in
the enzyme.
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Manual Docking

Before the development of advanced computational docking algorithms, researchers
used manual docking to predict how a ligand binds to its target protein.

It is the oldest and simplest docking approach, carried out by manually fitting the
ligand into the binding pocket of a protein structure.

It is often guided by visual inspection, chemical knowledge, and stereochemical rules
rather than automated calculations.

In simple words: Manual docking = scientist using trial and error to fit a molecule
intfo a protein like placing a puzzle piece.
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Manual docking is a non-computational or semi-computational method of docking in
which a researcher manually places a ligand into the binding site of a protein based on
structural knowledge, and then evaluates interactions visually or through simple energy
calculations.

3. Theoretical Basis

Based on Lock and Key Concept (Emil Fischer, 1894).

Relies on visual observation of complementarity between ligand and binding site.
Simple rules are used to judge whether binding is possible:

No steric clashes.

Proper hydrogen bonding.

Hydrophobic regions overlap with non-polar ligand parts.

Charged groups align with opposite charges.
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Procedure in Manual Docking-

1. Protein Structure Selection
Proteins 3D structure obtained (X-ray crystallography, NMR, or models).

2. Ligand Selection
Ligand structure is drawn or modeled.

3. Manual Placement
Using physical molecular models (earlier) or visualization software (nowadays).
Researcher rotates, translates, and positions ligand inside the binding pocket.

4. Evaluation of Fit
Visual check for complementarity.
Simple scoring may be done (e.g., hydrogen bonds, steric fit).
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Applications-

Early drug design era (before computational methods) - used in the 1970s-
1980:s.

Educational purposes - teaching basics of docking.
Initial hypothesis generation when computational tools are not available.
Can be used as a starting step before computational docking.

Advantages-

Very simple and easy to perform.

Requires no advanced software.

Helps researchers develop intuition about binding interactions.
Useful for small systems and simple structures.
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Limitations-
Highly subjective — depends on researchers judgment.

Not accurate for real biological systems.

Cannot handle flexibility of protein or ligand.

Not suitable for screening large compound libraries.
Replaced by automated docking in modern research.

Example-

Early studies on enzyme-substrate interactions were done by fitting
substrate molecules into enzyme active sites using plastic or wooden
molecular models.

Example: Early attempts to design protease inhibitors used manual
docking before computational tools were available.
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Docking based screening

In drug discovery, researchers need to test millions of compounds to find potential
drugs.

Experimentally screening such huge libraries is time-consuming and expensive.

Docking-based screening (also called structure-based virtual screening) uses molecular

docking to computationally test compounds against a target protein and identify
promising hits.

-In simple words: Docking-based screening = using computer docking to filter millions of
compounds and pick out likely drug candidates.
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Steps in Docking-Based Screening

1. Target Preparation
Select and prepare protein structure.
Define binding site or grid box.

2. Compound Library Preparation
Use databases (e.g., ZINC, PubChem) or designed molecules.
Convert into 3D structures, optimize, and assign charges.

3. Docking Simulation
Each compound is docked into the target binding pocket.
Multiple poses are generated.
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4. Scoring & Ranking
Scoring functions estimate binding affinity.
Compounds are ranked based on scores.

5. Hit Selection
Top-ranked compounds are chosen as hits.
These can be tested in in vitro and in vivo experiments.
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5. Applications

Hit identification in early-stage drug discovery.

Screening for enzyme inhibitors (e.g., protease, kinase inhibitors).
Studying protein-ligand interactions.

Identifying potential repurposed drugs.

Reducing cost and time compared to experimental screening.

6. Advantages

Fast and cost-effective compared to lab experiments.

Can screen millions of compounds virtually.

Reduces the number of compounds for experimental testing.
Provides binding mode information in addition to hit identification.
Can explore large chemical space.
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Limitations-

Accuracy depends on:

Quality of protein structure.

Accuracy of docking algorithm.

Limitations of scoring functions.

May give false positives (inactive compounds predicted as active).
May miss true binders if flexibility or solvent effects are important.

Examples-
HIV protease inhibitors — Docking-based screening helped identify leads.

Kinase inhibitors — Many anti-cancer drugs were first found using docking-based

screening.
COVID-19 drug discovery — Repurposing FDA-approved drugs against SARS-CoV-2 main

protease.

A th Goodnotes
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De novo drug design

In drug discovery, sometimes there are no known drug molecules for a new disease

Introduction

target.
In such cases, scientists design new molecules from the beginning using computer

programs.

This is called De Novo Drug Design.
(+eake g ]\fe,uo B*f&m;) Malecule .

-Meaning: “Designing a drug from scratch” based on the structure of the target

protein.

De Novo Drug Design- is a computer-aided drug design method in which new chemical
structures are created from scratch to fit exactly into the binding site of a biological

target (like an enzyme, protein, or receptor).

A th Goodnotes
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Concept / Theoretical Basis-

Works on the idea of molecular recognition (drug must fit into the target’s binding site).
Requires 3D structure of target protein (from X-ray, NMR, or modeling).
New molecules are designed to match:

Hydrogen bonding areas
Hydrophobic regions
Charged or polar sites
Shape of the binding pocket

The computer builds molecules atom by atom or fragment by fragment to perfecily
complement the target.
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Approaches in De Novo Drug Design-

Fragment-Based Approach
Small fragments are placed inside binding pocket.
They are joined or grown into a complete molecule.

Atom-Based Approach
Molecules are built atom by atom inside the pocket.
Ensures very close fit, but is complex.

Ligand-Based Approach
Uses knowledge of existing active molecules.
Designs new molecules with improved properties.

Structure-Based Approach
Uses the protein’s 3D structure directly to guide molecule design.

Made with GOodnotes
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Steps in De Novo Drug Design-

Target Selection — Identify protein/enzyme involved in disease.

Structure Determination — Obtain 3D structure (X-ray/NMR).

Binding Site Analysis — Find active site shape, size, and key residues.
Molecule Generation — Design new molecules (atom by atom or fragment by

fragment).
Scoring and Ranking — Calculate binding affinity using scoring functions.

Drug-Likeness Filtering — Apply rules like Lipinski’s Rule of 5.
Optimization = Modify molecules for better activity, stability, and ADME.
Synthesis and Testing — Chemically make the best molecules and test

experimentally.


https://goodnotes.com/

Advantages

Can create brand-new chemical entities (NCEs).
High specificity for the target site.

Saves time compared to random screening.
Useful when no template molecules are available.

Limitations

Computationally expensive (needs advanced
software and power).

Designed molecules may be difficult to
synthesize.

Scoring functions are not always accurate.
Needs high-quality protein structures to be
effective.

Examples-

Programs like LUDI, SPROUT,
LigBuilder are used for de novo
design.

HIV protease inhibitors - early

examples designed partly with de
novo methods.

COVID-19 research - new
inhibitors for SARS-CoV-2 designed
using this method.


https://goodnotes.com/

We are tring Jovelde
DEPTH OF BIOLOGY @ S H R Btruckuie & CHewic) adky uity Wit

(&)‘O’“Mqlﬂ"e Bhuture /’C%\/) fela ‘w@nﬁk“) BZ\E}‘%

Usin ing Q MGMMQ[
felukovahi P

PH‘AS\CQC\\QM\O\CQ __:7 }%/f%en CO‘/%,(,?@Y&:’ HHMMETT’?
VMWE\%&; Electont c LTAFTS /5{6’”06 fa,,a,meée/

6 = No1e Kmeus = Iﬁg&n\{&ca\@h Ugf\éﬁ A)mg Mo e,cule
DEPTH OF BIOLOGY % '
Vepuved o w)/ pihet:

||me

Mmi»ér
+ Lt veas \&@/ﬂ\{%\&& Hhe§ o Og billiew molecude %m&iwg G“Ou”’»

One 94 9\»30%0 eou&e, {e(xc,\\ &ﬁm C,\m\u& &ﬂa&b @ S {C,T\\\wQ

Ths produce Hialle fn MD@ s O] W
g@#ﬂ\e brechmord of Virdond digesse

\\ DEPTH OF BIOLOGY

,he @SHR (@um%%%ve /%"‘UOM M“’% Re usv“aw\)&\v\\(% C‘f)fmd”
s proved @x\w% Ul bl %‘:} i

——



https://goodnotes.com/

2' i .
€05 s . Miffmalic]) i Yo B Rty of
MO\W&M %6‘6" A-it's @Ceme\‘f*‘-& Cﬂ@meQ waacﬁiﬁﬁ ;)F BIOLOGY

% QohR Cpprcachycffemts o ey &M e physiocecy
Proerties Gﬁo fp“% b Sogee. 1iber - Oﬁ Phese Propercied

= \/’To i&em%g | — eithe

ll% Om 9%6&9 G'n'w\e &TLUS% Bo)ba'\mg? 00‘('\\1\’\*3 : P%ﬁg& &H?w
QAR C?eave& equetfion fike e aeﬂma{@m g7 Al

| Z
B\O‘D@%Laﬂ &&\iv; 1% O gio\() \(AQ = .~ § 9 {’c{ |
éwckonoﬁ PHgsic,oc\\em;uX)Mc&. 6 ﬁt\\ \)% CL@*\ V mé

DEPTH OF BIOLOGY 5@"\‘8
(s (W-\\Q; B\o\sg\wg O&Sﬁ\lgy\‘ Iy 67<f>fe?>2>€‘? G

\

903 U/ﬁ/ .Cs‘MW\wm Q%LEVZEC%S:)QO'F BIOLOGY
43‘%@,\0@ W &D&efb\an G &ﬂuc)) %@n LD{W\)&\GJ \lex? G% @3“9\-

pquadien e (om @ty %)em\q/g& fe Biolg) &ﬁ@ o{;c@mﬁ A

W@ CQIY\ 6%'([3 m&k_e CHQ,,\%@} (en G\eng} P G/Yﬁnnekﬁf) &LCD"‘&\{T%

&'DOWM %(Q O "Tﬁ QX Couation i i’fe&cﬁﬁn ﬁ'm\a‘@u&aém
QSHR s e o fo & Wk Amaerl\w&e Fo be. deseq " i
ioprerk of

= kead Moleade = (1008 Binding prgecty , Good Phiysicochemica] propedy, brood PHavamacaicinelic. propecty, 6""‘“@%‘“&(



https://goodnotes.com/

3
ﬂ/YDEPTH OF BIOLOGY @ 6Y&PX\%X( &iual'@ﬂ Hﬁ x“%‘mm\% QC\'\B"\

8”( CDM‘)B\M\A? U %Wﬁ\ezamv din Ovdles §o \fw«q ore. ™

?Ha&m C\‘e’"“(‘“&) ?70\)&’\'6 A-QD M hawo anb CL%{iec)c ﬁ\e B\olocpmp
U adwﬂ”t

* Pt ok tho Bl ity Phgioders) fpue

9 Oxip — gm 08\@.9 RC\W% Then we. OHQ‘l\nCSOme

K-0xp — P”E}Slwdwemmu%,ﬁue_ . ol poinks ; wshen W

, K ’moﬁe &Cﬂq Po\ nt
ﬂ:en Q f e i3 Ouﬁmg
’fﬁ 5 line 18 Ca“ea?

(QQAR Cyualfen-

3 o\x\?)

T S 55 B

DEPTH OF BIOLOGY Lba? ?('00‘.‘%4

@SHR @(uﬂ%% 4)&4\;4 8 =
DEPTH OF BIOLOGY -S)DS 0(\'1\’14’3) y(ﬂ\c = K|X J"K’L

Juale- = &03 thﬁeweg (x{at@~

X — ?Ha&icoc\w%ﬁf‘& YWTQ/\‘A'
<\&K'L = fiok CB“’A‘”&



https://goodnotes.com/

DEPTH OF BIOLOGY @ %e}’ﬂ huol J) n @SHR

X %eiedﬂen Ué Bio 03\ Ackve Beries- (TO L”“’(%e B'D‘Oéxmjp |
Cd)eé-aﬂn)ncamte/;ﬁn% '\Ham ﬁ

2
CO*QCLLQQH@') @‘g Vst o ?Wa&co CH@W\\C‘& ?Mame)cef

+. %W\W\eﬁb} b (f( fhe Cw‘m&?

DEPTH OF BIOLOGY Pﬁdwme}m .
1 Y\a&voy\m\)\d\% E ?CV/M'IBY) C«M\ Ua@ Hanachs Dubg Mu%@n (oot -

C— Dishbakion (oe % LoD -

Lo Heic Purtmeles- ST (oo b0 008 Vol
2, E'e&f@mc wae\w ———echw,ne Mamf D'FQ‘ m%eﬁ&

i@mla%“@“&wéﬁ”& ) Plte ) DPka -



https://goodnotes.com/

@ [_ 1. chfg*o ]9]1 o\éi(ﬁé._

f : 05 P (PCWM‘\% C()@W'.L‘\@“X{B g™ DEPTH OF BIOLOGY
{?‘& 4 The \Flo) Cordhuend o ] Perrame
)

€ “a&’f’o ?\’m\d\ Ld"a L‘AYB\)\\‘\\‘\L&% Gg G &Yug Jh Om ‘(mY le‘am\’ \)af(@me{“/

?\Qg . \Ew Tole @«m &m(x) adisalaton , diahthubion Lty

9 Yeteptor o i o B 1 Jo produce e Bl
fespomie-

i& (W\E’, OK{\Y\W\ Y\a&m?\m\o\b% | L\?m Y\“\\% \L}) ”(ec(u‘i(ea& 9@ j(YCMYD{l(
&ﬁ‘\% &”"Ug g‘b“‘»e @g@é&éﬁ% " DEPTH OF BIOLOGY

1

Separating Funnel

;ﬁ?@%ﬁ%@ﬁ%&&ﬁ DEPTH OF BIOLOGY &

o oot DY Uyt |
LT Grercl®y M by U ek -Olond Ktholeg:)

)

Tt &M yz[p= Lo of Qo

- #lerce of ﬂﬁuwu; A

—-"‘"‘


https://goodnotes.com/

> n G
h\\) &Cm‘] YCVMWGY\ COCW\L\PJ“\' ub’me ‘{CLQWO 0’6&% Yo% .

(\'\-—- OQ\Q’“&Q &H’lo DEPTH OF BIOLOGY
-
ch el M\‘W\\Q(W\C L\\)\& QQ'V\\)CU*AT“\W\( m (]f\e \(pg)‘{‘

\'\m&r — Mic. The e Qlieoud [@.memm)[ gf/rﬁ@ Lﬂ%
ﬁ (W\G \AJQ\Q\Q, Qﬂa(lm\ G \%\eu&e COm‘m‘b @ﬁ 8% %}(e e§<9-s ?\LLZS
\ﬁ«\m % et ¥ @P\ DEPTH OF BIOLOGY

[ of e blgf | 13" 22|
Eﬂa&@)&m\;\\é
Pulgghthue~t

| o 8? ﬁ@ﬂ\% n Q(}(‘M\BQ W

wo&\/ﬂ- >

5
gio\og\wg} ?“Meﬂ - C\I%V\(Z .
Hd{v(}a, Gﬁ%ﬁ\w“ L Y
7 Xan

\)—0\ % )(..oo(\ﬁ DEPTH OF BIOLO
GY L%
P



https://goodnotes.com/

> @,
;) i% %’G(‘?\\ U Q%M&Q &B \rﬁfs V\'\a& ﬂoz\'? \faﬂuea %@n Cée%
OWCJ&)O\R dey DEPTH OF BIOLOGY .
T Wn?v Bio\ogiwg)atkv% == Qoa\) ijnmm ,

QD‘B\ /(/ /)\ ﬂﬁ Ackvit L)

' >
MEC(\LQSH% OHQ\T\A/) LOS? —2 DEPTH OF BIOLOGY
Logl/ ey (Q%\Dy Y Qog?ﬂ(g .

ﬁé\emeﬂcmz\ &ﬁwe %’\0\06‘@& ﬁG%Twe’ D\Oea ﬁ\e Pcwa\od;() Cum/e, o6

\bﬁ\e &wua \K\B\ﬁ &%&S g\o\oa‘\u& f{e/%fmf, MP\e,q 906 P %Q&\ﬁ .

—%K\Y\e A %\\M M&ﬁmm g‘\o\oa\(p,Q 'f%@fwe, LE?-\eq 903? A
d (Pimie

— h@BiD\oa\m& G(\%vﬂg @é&mg U‘Q)&e(,\?vv;g When Doé\mb\fe(a H‘fa/ﬁx |

DEPTH OF BIOLOGY



https://goodnotes.com/

o Ao 2. Cleckrorie fhramelr X
e Q ,
i Chontc effed of Viious Bubathenk usl| Cleady
& 6%%“9 S Cg)mg Vorbeanem & Po\a»«\'\i\ , (Chge)

750, have 0m e%%e& 6 hous G’Mﬂd A)mg (oum pas ﬁﬁ%ﬁ the

Celll Meralyrine O howd ﬁw’ﬁ% 4o ek it bl
5" & e
e \%Mou\'wgw\ Gée\et\ﬂ‘}r\cih '\f\e mO\WLQC d/v\%euemce &%e a&w‘t‘

Q/g &N@ “mo\que, , DEPTH OF BIOLOGY
§~s \%/ - . (Wwe Mw

& G\e/“\@%% ')@\e &A} %;%96\6 WMN
i » N‘a ey &D’(QC&Q\\X‘\C
(;m cm\le& M@%‘\\a Bermier %co% ation & o
wo{\c& acvos The. Produce e Um\n%\caf)a&bn-
l"]ﬁ«\\oxcme, %%e%\l& ndeude - DEPTH OF BIOLOGY

<ﬁ f > The feuson behind va %ﬁm"m&) &(Hwad)
olecule Gre 3}’?@5‘1& 193%6 d%)f"“kg C”“gaw M Membrane. -
(& mb\aﬂ&@ howve Mo CY\MBQCP ﬁo/f{\cﬁ (ff»eTf %f@“&fe‘/ff ng&sm
[Y\e/m\ﬂ@“ e ub gacd \uk& \DM Cw\/ae\e% CCJ ()\?ﬂl(wm‘r‘?@r\ :

DEPTH OF BIOLOGY @%j%’* @\N*M?S) -



https://goodnotes.com/

T 1952 Robed Wi Toff

HCW\\ME“_ (ia"“‘gfc“‘\)f C{ ) = Modied the, Mommelt 5qqai—,'gn@
(\ﬁ&ue% (ure, &ﬁ\e D@%am% g%&e) W UO\ ’\ﬁe %t{\o%%juejr}c/%
\‘W‘ Q‘:"& &%%wa\n\%\ M&v}b{) Renidic HcTcp, é.é@w

DEPTH OF BIOLOGY 6% = QD% [M) }{5' a

b

Ex = &5@6 Ky — «QO%K CC:,\(»C@
K’-‘- EC{\X\J\&Y\“”*\ (Bhlﬁﬁmxf éﬁ ?Q«Cn\— G)‘m\)M? (Qﬁmﬁ@ ﬂ C"’(Q) ,

= Eubivn W{@ 4okl Bevnse a5

- Ouk;c——-% Bubpiituent ch.‘ be Clechon C)%w%f ém,? 9«@\5@\4%

@C’“Z! O 8‘9“*f' | DEPTH. OF BIOLOGY

Moo, ins MeakLre )(Q\Q e\eth@n @W&Mﬁé O 6\@(%%\&&;&%\\3
Q‘OQ\'\% ﬁ&(\ Mﬁm‘*“& ; DEF;TH OF BIOLOGY

/.,’\@,\\J oJu’\

Eo\oo(ﬁ’\ =l € %\xd%ﬁ\m %"f{% e '&‘D%ﬁ\lugg :geﬂw (®\/e'\/§1\;>
E-D) CG\\) oy 63—-> W%X k CM\NKMC\% dorg &q\)a\‘h&B ,

kxVaduel — (@\fe Gi‘%

@’ e ’ ®—Cﬁb +w— KQ Union"wp ée"'“

X/@( Coon > )L loo + R Kfora

x@'m\(\ K XQCWDP“}’H’\— l-<\"\€)rc\



https://goodnotes.com/

-]

" Memendt e etiun, Goant JoShdy fre veole

CoDY

ﬂ‘_@ M\e*\}%@we O}g firomakic i b fad @”W @‘C

e (el (mafont Frnpus o Hormelt Gebphfubon (orerf
éﬁ Q\fwe\\é @( ﬁwg %u\o%\ﬂj}/ Bubsituents 0{ éﬁnuﬁcw@rﬁ '
%& Mm«\ce s " DEPTH OF BIOLOGY

Hamme\%&Ta—Hectua\\b:e /ﬁﬂ'ﬁ ﬂeﬁc %61[9'/ - 656)

us (§79)

ﬁ\e*‘[)\\ﬁfe& L Bioe OK ‘)lﬁ,e Molecule, Gre \E«éﬁmymlqcm& ge«ac&mg
oo e (b )

The Tk equedion occ

Vﬁ%“\f&& S%“L%H**&f‘t ¥in %a(f\\'\u\ﬂ Je Molecude 99 Tnleread: S

%‘?’ Reco?)r@{ {!ﬂ%\g (Shecend \o\&\\%wmaa Oggwme, H‘m&fo/nce;
. HD\DE\IQJ %ﬁme"ﬂne L\x\kg gU.LﬁML(&T\' Oﬁﬁn)( \We m\w&e 90

ppott Subshect > Taciefe the wolecule. foTrferact wifh

ﬁc@f@y effechudy. “‘Z“’ﬁ por, 7 somcline ———— (B
WL@{&%%&D gu.%g — TXW% meobive \0‘3\&)‘\6 CO\‘\?Q,R% )(Q\C{Qgi
of e Pifhic esk Cunth @ Bland] €24 e

_QCTf) 1(3_(,@&_’(},:% /és = ‘9(35 \Qx—" j 05 \5_;; / ‘(b’" Y%)r )’f] o {J{
= epycg@n% ’W\eﬁ( c&c s
k)( ¥ Hy«ym\\a&‘l% & G g?ﬁ%%w @ﬁll‘/ y ?@&,& eqlec-

DEPTH OF BIOLOGY



https://goodnotes.com/

Q1)
DEPTH OF BIOLOGY ~ Hm%d] Hﬂaﬁgﬁ;@ '

H%ﬁc\\ W‘ifb v a Slodishical me,)&m& Uped] fio Coxt clae.
W},\\J%?c,oc\wm?u& ?cwcme{ff Géw Eﬁ{‘ﬁ)ﬁ gibs%\‘“&m
(o (a3e) Jescighor)-  peoor sovooy
S>Tn Womach M&“ [ o M &m&gf\g}c@i ﬁfectu(iwreé? 9
fiyop\ﬂ\xcdg bcqu"ive& ge« &mg TOW@) X( 4 @"WO‘G%(’J@{
[foc dueineadion af %"S?fac@ i (5 g""\‘%\‘”‘g

Receptor
T At )
[l =Sk g B,
Do) ¢ Highohsc Vw&ﬁm&_

oy G SV

| ooty the (oncs SETSIT) OF BIOLAGY Cge%%gaa,& :

4 > ,346 0{ /Hign [Ccnu‘u ?Hascﬂ
k) &g o |G AV
QG’C\1: % \?J 800 gﬁ-\ Ramc%m \WalK /__,,,/-“’—“( \
['# )b F APte binding how muth bime 4’“9 % : L:

takes Ao showo achion. on&r M g;ol%’\co‘? Tegfork

e

s 2
A\

——

—



https://goodnotes.com/

Topodance of 13 o
%‘e{m‘: Umce 0’(%6/‘1’6 Qgge,cﬁ X(MO\QUJ)M /@Mﬁe %,W,(;afﬁg}j
O Qm Es e X(O’&\W’\B?O?Sm?\\é fpemy [5> M

%&, &Nﬂg”% DEPTH OF BIOLOGY ﬂ’o?‘%‘%\“é‘

‘LD 1), =- fLJr)OT\—kgéJFVQEBJFé), &

= d /C QZ)‘, S e S T T
Hc&m\\\gc " et C‘%‘W
d ggﬁ\ L (ordar -

= Regwé\\g\ Cue,%%{d&% '
Hesngach C«mc&kgk\b ol (aﬁQeé} Ok Eﬁ( N\WD%@W%CW@)‘?"O 1
a L]nea{ é% %WOQC\’\ &D&wug &%\%n n %@@@%@JW)
%9,/7&5 " dﬁc\w e(iw&%’gr\ 8 fet uf c))h\Jo\\ﬁv\g be@%ﬂ'& '
&m\oim\;gﬁ Cyé ?Hz{;'\cockem{‘iu& ?o,{me,\d«/ DEPTH OF BIOLOGY
|}
?sa\mQ lombe \)%e& &@%Q&N%

O this & wadion 4y egtab

U oo
H Limfotion > @ («0“@6%0&{%& CV\C’W%Q)) n Yec QM
@MBJ(QLJO\V’M Ggé)m% b ’JD)J( CB’%T‘QWCQ " DEPTH OF BIOLOG\\;%“\NQ&

@ (foe ?Okﬂ\@a f\!\?of\\(\i b\tx °€5|u\w*ew$’\§> ’mt) be PMQL@‘TQ :



https://goodnotes.com/

DEPTH OF BIOLOGY
mmﬂ%@y = (‘;\XWOC\U@& o Vodind Tate.. B
(NThe Me}fﬁm& 3 ey Jo Use X(%exm‘wte ——

&M Ve o} C%u\glm [PHa&ch@m")mP Fafmfme(su) [ 7,5/ € 5).

&m\oe U@? Zﬁ& é@« Pwre%c‘r{ew @'6 @}o\%\u& &ckw’srgcin ®§?§m

DEPTH OF BIOLOGY


https://goodnotes.com/

