Next Step Office HoursLearning MCAT Science

AWelcome to Office Hours!
Alntroduction

AWnhat Do | Need for this Session?
ALearning MCAScience
ATechniques for Biochemistry
AHow Can Next Step Help?
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Next Step Office HoursLearning MCAT Science

A Thanks for coming to Next Step Office Hours!
ALT &2dz KISy Qu 0SSy KSNB 0S|Ff2ND Igefirodehiystafed 9 A0 62 N

A These sessions are meant to be: 1. If you have a microphone, make sure
Interactive it is turned on and easily available.
Problemfocused 2. Locate the handaise button on the

Specific to your needso ask questions!) toolbar on your screen.

A ¢2RI & QHearhiggdMABtience 3. Locate theQ boxon the toolbar.

4. [ SG YS 1y26 AF &2 dzQNJ

A Future sessions: Content review, FL exam review , :
technical issues!

A This is NOT a lecture! You can benefit most by:
Raising your hand and speaking
Commenting in th&€uestion box

Responding to poll questions
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Memorizing MCAT Science: Techniques

Mnemonics Visual / kinesthetic learning

A Info that can be represented as a A Useful for students with visual or physical learning style:
sentence or series of words

Formula sheets

A Physics! So! Many! Equations! &
Study sheets S| & i | o o | [ | %
A Summary of a single topic LKA FAERANANS EY R
Flowcharts RAEAT AR AR AR RARAT AR EAR-AE- Y
A Pathways, logical connections CARARAERECR A E-SE A EAR-A P AR AR A AN N -5

Unit analysis
A Equations!
Flashcards
A Disconnected facts (often psych/soc)

Spaced repetition
A Literally everything
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Mnemonic Devices

Mnemonics
) D22R 2ySa INB 2dziN} 3S2dza> yI d
W [y 0S @Aadzrfs FdzZRAUGZ2ZNEBS (1 AYS
W 2dz aK2dZ R ONBIGS || ySg YySy?
Examples:

The classification hierarchy for living things:

King Phillip Comes Over For Good Sex
(Kingdom, Phylum, Class, Order, Family, Genus, Species)

The elements that are diatomic gases at standard conditions:

Have No Fear Of Ice Cold Beer
(H,N, F, O, 1, CL Br,

Or memorize it phonetically ¢ g gwitf cultbrees Y, NJO, F, Cl, Br, I,
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Mnemonic Devices

Acronym- an invented combination of
letters with each letter acting as a cue to
an idea you need to remember.

Acrostic- an invented sentence where the
first letter of each word Is a cue to an ide
you need to remember.

FLAT PE(ds an acronym for the anterior pituitary hormones (FSH, LH,
ACTH, TSH, Prolactin, Endorphin, GH).

Eat Tender Chicken Chunks Elegantly is an acrostic to remember
Proteases in the Duodenum:
Enterokinase Trypsin, Chymotrypsin, Carboxypeptidase and Elastase.

FOL(d)M(a)PS Ovarian Cycle: Follicular phase, Ovulatory phase, and
Luteal phase.

Menstrual Cycle: Menstrual flow, Proliferative phase, and Secretory
phase.

SEVENP- Path of Sperm in the Male Reproductive Tract:
Seminiferous tubules, Epididymis, Vas deferens, Ejaculatory Duct,
n(Nothing), Urethra and Penis.

LAb RAL to remember the bicuspid valve of the left atrium and the
tricuspid valve of the right atrium.

SNoW DRokP Lab techniques and the material they use. Southern blot,
DNA; Northern blot, RNA, Western blot, protein
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Mnemonic Devices

NextSte
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P

Loci Method- Imagine placing the items  To remember the path of the blood: The door to your house is the

you want to remember in specific locatio. SVC/IVC entry to the right atrium. As you walk through the house,

in a room with which you are familiar.  each door will serve as a valve and the room will serve as the nex
chamber.

Chaining Create a story where each word \yjilliamson-ether synthesis:

or idea you have to remember will cue th -\ 2 magic wand and your favorite brand of beer into a wishing
next idea you need to recall. : ) : s
well, bring up the bucket to find angel wings
@
~~g, g Nah Ao\ NaBr
< “OH
Alkyl halide Ether

29[ [ A& NBYAYAAOSylUu 2F G2L[[ A
alkyl chain with Brand reminding you it ends in a halide, the beer i
the alcohol, and the pair of wings represents the ether product
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(1T x Ol O-AlT OEUAG %NOA
The MCAT emphasizes integration and testing of relationships. Many times the successful use of a formula or

equation will depend on the relationships of the equation, not raw calculati =~ 1
d =" + E";—:l“t2 v = v + 2*a*d

When learning equations, focus on: tiedationshipbetween the variables ani

Keeping track ofinits will allow you to derive a needed equation in a pinch. v = v +a't d= 3 ; g
Equation Units Relationships
Gravitational Force F=mg Newtons proportional
Electrostatic Force F =kQqr? Newfons(l 3 ds¥f proportional , inverse square
Kinetic Energy KE =% mv Joulesl§ w) proportional, square
Potential Energy mgh, kQqr Jouleslf w) proportional, inverse
Mechanical Work W =Fdcos Joulesly w) proportional, inverse (cos)

Translational Motion The core varies all of the above
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Kinematics, Force and Energy Recall Exercise

Trig Functions Force :
sin CosS
0 F=ma F,=GMm/r2 _\
0 1 9 /
30 armw a3/2 _ | |
45 z9/ 59/ Mechanical Advantagds, ./ F, . A
60 3 5 .
o 1 o EfficiencyWa / Wi
180 O -1 — > ‘
Fspring: _CI. J‘] E |:f => ﬁ: ~ Nm a A y. Mech Adv = Mg / F applied = 31

Kinematics Energy E ]

V; =V, + at d =v.t + (1/2)at

V2 = \2 + 2ad d=[(y+w)/2]t KE = (1/2) miv P = Work/time

Work I N'Y 9E 0= (1/2)kR vy=0
Projectile Motion PE =mgh TE=KE + PE
. S eTE = &KE + @B
VAAY S KoHIRA & tonstant c x . o max it 5)
VA A SV V. @ max h = 0 m/s 22N} I CROz2a
0 yi y B A v
=0m/g =-10 m/g
ax ay v(y) = vsin 8

v(x) = vcos @ Distance (x)

ice Hours: Learning MCAT Science

Nextotep

TEST PRERcom



Isomer Flowchaurt

Turn Dry information into
something active.

Make this isomer list into a
decision tree, similar to how
a physician might make a
differential diagnosis.

Nextotep

TEST PRERcom

Isomers

Isomers: molecules with the same molecular formula but a different arrangement of atoms.
Divided into: Constitutional isomers vs. Stereoisomers H H
1 1

H-C-C—-H
Different connections between the atoms: HeGmCmH /—/
Constitutional isomers e.g. cyclobutane, butene are both C1+Hs o oW

Same connections between the atoms:
Stereocisomers - divided into: configurational and conformational

Freely interconvert w/o breaking bonds:
Conformational isomers e.g. chair, boat cyclohexane

Requires bond breaking to interconvert:

Configurational isomers - divided into: enantiomers and diastereomers

Non-superimposable mirror images: COOH HOOC
Enantiomers e.g. R and S 2-hydroxypropanoic acid (l; ' (l;
Hc W H 1 HYcn
3 : 3
. 3 OH Hé
Not mirror images: :
Diastereomers - comes in several different types:
Only one stereo center has been flipped: cg,, f"" CH, F O,E L gt
Ir -, —

H/c\ /C\H H/ \c/ ~h

c R
N W

|
H—C —OH
|

CH0H

Geometric [somers Cl_ o H H_ C/CI
Vary around double bond (E/Z, cis/trans): Il I
c c
o u o S
Epimers oo RS
Sugars that only vary at one stereocenter ..—(: —on u—d _on
e.g. Glucose and Galactose | Ho—t—
H (l OH Ho —l! —
I

Anomers HOH HOH
An epimer based on a cyclicsugar  Ho fto Ha flo

HO S H o ) OH
Mutarotation: conversion between H OH H H

w-D-glucopyranose [i-D-glucopyranose

aand g anomers

blic Office Hours: Learning MCAT Science

For example:

1) Do the molecules have the
same molecular formula?

Yes? They are isomers.

2) Do the molecules have the
sameatomic connections and
functional groups?

No? They areonstitutional
Isomers.

Ye® Can we rotate one molecule
to match the other?

Il YR &2 2y Xo®



Study Sheets: VSEPR and Molecular Shape

# of bonding # of lone pair

groups

2

3

This type of information lends itself well to active learning via

electrons

0

0

Electronic
Geometry

linear

trigonal planar

trigonal planar

tetrahedral

tetrahedral

tetrahedral

trigonal
bipyramidal

trigonal
bipyramidal

octahedral

octahedral

Molecular
Geometry

linear

trigonal
planar

bent

tetrahedral

trigonal
pyramidal

bent

trigonal
bipyramidal

linear

octahedral

square planall

Nextotep
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Bond
Angle

180

120

<120
109.5

107
104.5
90,120,180

180

90,180
90,180

VSEPR Geometries
Steric Basic Geometry 1 lone pair 2 lone paits 3 lone paits 4 lone pairs
Mo. 0 lone patr
2 1807
)
—FE—X
Linear
.
X
3 |
120°
E-\,l E
x~ Tx X x
=120
Trigemal Planar Bent or Angular
L1 .-~ it
X 2 y
4 o % |
w B |
T,
Ki;?' \X K‘:?{_P\X K"f ~ X
= 109 <= 1097
Tetrahedral Trigonal Pyramid Bent or Angular
X <90° X X - = T 1807
2 I | S, N0 2l
YT <120° (E— 8 g =7/ °
| X | | |
X : e X
Trigonal Bipyrammid Sawhorse or Sessaw T-shape Linear
X " v x
o | B | Lk - fe |
Xf-rs....E,..u\K ’*f '}.mx mﬂ)"‘"‘“ X St b oS & tissee,, Eate
xﬁ|%1 T~ X% L D::’X & Vs
X " " X =90° X
Octabedral Square Pyramid Square Planar T-zhape Linear
Study Sheets
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http://intro.chem.okstate.edu/1314F97/Chapter9/2BP.html
http://intro.chem.okstate.edu/1314F97/Chapter9/3BP.html
http://intro.chem.okstate.edu/1314F97/Chapter9/2BP1LP.html
http://intro.chem.okstate.edu/1314F97/Chapter9/4BP.html
http://intro.chem.okstate.edu/1314F97/Chapter9/3BP1LP.html
http://intro.chem.okstate.edu/1314F97/Chapter9/2BP2LP.html
http://intro.chem.okstate.edu/1314F97/Chapter9/5BP.html
http://intro.chem.okstate.edu/1314F97/Chapter9/2BP3LP.html
http://intro.chem.okstate.edu/1314F97/Chapter9/6BP.html
http://intro.chem.okstate.edu/1314F97/Chapter9/4BP2LP.html

Mitosis vs. Melosis

Mitosis vs. Meiosis Befors mitosis: Before meiosis:

« DNA replicates during S phase * DNA replicates during S phase

Prophase I:

+ Chromatin condenses into chromosomes
+ Centrioles form and spindle fibers form

* Nuclear envelope breaks down

+ Chiasmata form tetrads and crossing over

Prophase:

+ Chromatin condenses into chromosomes
+ Centrioles form and spindle fibers form

* Nuclear envelope breaks down

The test makers love contrasts!

We should to, as it allows us to
learn 2 pieces of information fro _— Metaphase
etaphase: + Chromosomes pairs line up on metaphase plate

1 * Chromosomes line up on metaphase plate . " L ]
th e p rl Ce Of 1 . = Centrioles are attached to spindle fibers Centrioles are attached to spindle fibers

Important differences are
between mitosis and meiosis |.

Anaphase I:

Anaphase: + Homologous pairs are pulled apart

« Centromeres split

Meiosis Il is almost an exact copy - Sistr chromatis are pulle apr
of mitosis, just with half the
starting nuclear material.

Telophase:

+ Cell membrane pinches in half
* Nuclear envelopes reform

+ 2 haploid daughters produced

Telophase:

= Cell membrane pinches in half
* Nuclear envelopes reform

= 2 identical daughters produced

NeXtStep Public Office Hours: Learning MCAT Science
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Prokaryotic Reproduction and Growth

Contrast with Eukaryotic Cells

Prokaryotic Cell Eukaryotic Cell

small (about 5 micrometers) larger (up to 40 micrometers)

circular DNA "naked" in cytoplasm DNA in form of linear chromosomes with histones, housed in nucleus

No nucleus Present Has a true nucleus cytoskeleton;cytoplasmic streaming

Few organelles present, NONE membrane bound

Flagella Many organelles present: some have double membranes others have single membranes

Rigid cell wall formed from gylcoproteins (mainly MUREIN)

(all have cell walls) membrane bound

Animals:no cell wall {only some eukaryotic cells have cell walls)
genetic material:DNA

70 s ribosomes Chlorophyll scattered in cytoplasm
60s subunit, 40s subunit 80s ribosomes
Huge variety of matabolic pathways
Common metabolic pathways

Has golgi apparatus Cell division by Mitosis

Cell division by Binary fission

Transfer of DNA fragments only (conjugation)
has mitochondria Contains lysosomes and perioxsosomes

More than one chromosome
sexual reproduction by meiosis

50s 30s subunits One,but not true chromosome: plasmids

usually unicellular,some cyanobacteria multicellular Usually multicellular

= FF{EFlfr’p



Prokaryotic Reproduction and Growth

Anaerobic VS. Aerobic Strains

No oxygen used Oxygen is used

Oxygens often fatal Performs TCA

Produces lactic acid,,H

Performs oxidative
other gases, or methanol

phosphorylation

NeXtStep urs: Learning MCAT Science
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Transcription

Eukaryotes Prokaryotes

Transcription Positive and negative control by regulatory proteins that Positive and negative control by regulatory proteins

act at sites close to and far from promoter that act at sites close to the promoter .. .

Large basal transcription complex interacts with Sigma interacts with promoter. In eu karyOtes transcri pt|0n and translation

promoter. :

Mediator complex required. OCCUr In se parate com partm ents
RNA processing Extensive processing: . . . . .

alternative splicing of introns N/A Bacteria mRNA is polycistronic; in

addition of 5’ cap and 3 tail . . .

Eukaryotes mRNA is usually monocistronic

Chromatin remodeling Extensive packaging of DNA Limited packaging of DNA

Chromatin must be opened for transcription to begin. Remodeling not a major issue in regulating gene

expression.

Gt N2 OS&aanAy Bquirelif Ywhb !
mRNA stability For many genes, RNA interference limits life span or Minimal interfarence eukaryotesfor the maturation

translation rate.

Translation Regulatory proteins bind to mRNAs and/or ribosome
and affect translation rate.

same " | In prokaryotes, mMRNA matures on
transcription

Post-translational Folding by chaperone proteins Folding by chaperone proteins

modification Chemical modification (glycosylation, phosphorylation) Chemical modification (e.g., phosphorylation) may
Ubiquination targets proteins for destruction by change activity.
proteasome.

NeXt Ste rs: Learning MCAT Science
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Amino Acid Worksheet Negatively charged

.E

HyN
Aspartate
Asp,D
Learn chunks of informationput the amino
acids inunique groupsnd learn the groups!
Non-polar
\’alinz ledle
Aromatic Yo ¥
HN"C0} Isoleucine
Tyrosine =2
Tyr, Y

Image adapted from D. Cojocari under CCBY SA 3.0

Gln, Q

Positively charged

Ccoo

only a minority of His
will be + charged atpH=7



Psychosocial Development Study Sheet

Abstract information will
stick better when you have
concrete examples

Dry information must be
studied actively!

Nextotep
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Psychosocial Virtue Age .
Stage Obstacle Developed (expected) Example behavior
If care has been harsh or inconsistent, the infant will develop a sense
1 Trust vs. mistrust Hope 0-18 months | mistrust and will not have confidence in the world around them or in t
abilities to influence events.
Autonomy vs. , Instead of dressing a child, a parent will have the patience to allow th
2 Will 1%to3yeary . . .
shame child to try to dress themselves until they succeed or ask for assistan
3 Initiative vs. guilt Purpose 3t0 5 years Children will plan activities, make up games, and initiate activities wit
others.
Industry vs The chil dbés peers will gain sig
4 . Ty VS. Competency| 5-12 years | their self esteem. The child feels the need to win approval by
inferiority . .
demonstrating skills that are valued by others
. . Child will develop a sense of self through exploring possibilities
Ego identity vs. o - . : N :
5 : Fidelity 12to18yeary ( iex peri mentati ond) and begin t
Role confusion : )
outcome of their explorations.
. Person will share themselves more intimately with others. They will
Intimacy vs. ) . , : :
6 . . Love 18 to 40 yearq explore relationships leading to long term commitments with someon
isolation :
other than a family member.
Generativity vs. Person will establish a career, settle down within a relationship, begin
7 . Care 40 to 65 years . : . .
stagnation family and develop a sense of being a part of the bigger picture.
EQ0 intearity Vs Productivity will slow, and the person will enter life as a retired persor
8 9 grity vs. Wisdom 65+ years | During this time they contemplate accomplishments and are able to

despair

develop integrity if they perceive themselves as successful in life.
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Psychosocial Development Study Sheet
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Psychosocial Virtue Age .
Stage Obstacle Developed (expected) Example behavior
If care has been harsh or inconsistent, the infant will develop a sense
1 Hope 0-18 months | mistrust and will not have confidence in the world around them or in t
abilities to influence events.
Autonomy vs. , Instead of dressing a child, a parent will have the patience to allow th
2 Will . ) X
shame child to try to dress themselves until they succeed or ask for assistan
I , Children will plan activities, make up games, and initiate activities wit
3 Initiative vs. guilt Purpose
others.
4 Industry vs. Competenc 5-12 years
inferiority P y y
. : Child will develop a sense of self through exploring possibilities
Ego identity vs. o - . : N :
5 : Fidelity 12to18yeary ( iex peri mentati ond) and begin t
Role confusion : )
outcome of their explorations.
. Person will share themselves more intimately with others. They will
Intimacy vs. ) . : ) .
6 . . Love 18 to 40 yearg explore relationships leading to long term commitments with someon
isolation :
other than a family member.
Person will establish a career, settle down within a relationship, begin
7 Care 40 to 65 yeary . : . .
family and develop a sense of being a part of the bigger picture.
. . Productivity will slow, and the person will enter life as a retired persor
Ego integrity vs. ) O .
8 d . 65+ years | During this time they contemplate accomplishments and are able to
espair . o : S
develop integrity if they perceive themselves as successful in life.
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Psychosocial Development Study Sheet

Psychosocial Virtue Age
Obstacle Developed (expected)

Stage Example behavior

If care has been harsh or inconsistent, the infant will develop a sense
1 Trust vs. mistrust 0-18 months | mistrust and will not have confidence in the world around them or in t
abilities to influence events.

Instead of dressing a child, a parent will have the patience to allow th

i 1 q
2 wil 17210 3 years child to try to dress themselves until they succeed or ask for assistan

3 Initiative vs. guilt Purpose 3to 5 years
Industry vs.
4 inferiority Competency| 5-12 years

Ego identity vs. Child will develop a sense of self through exploring possibilities

5 : 12to18yeary ( iex peri mentati ond) and begin t
Role confusion : )
outcome of their explorations.
6 Love
- Generativity vs. C Person will establish a career, settle down within a relationship, begin
. are . ) \ .
stagnation family and develop a sense of being a part of the bigger picture.
. . Productivity will slow, and the person will enter life as a retired persor
Ego integrity vs. , ) O .
8 d . Wisdom During this time they contemplate accomplishments and are able to
espair : o : S
develop integrity if they perceive themselves as successful in life.
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Psychosocial Development Study Sheet
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Psychosocial Virtue Age .
Stage Obstacle Developed (expected) Example behavior
1 Trust vs. mistrust
5 Wil Instead of dressing a child, a parent will have the patience to allow th
child to try to dress themselves until they succeed or ask for assistan
3 Initiative vs. guilt 3to 5 years
4 Competency| 5-12 years
Ego identity vs. Ch~|ld will develqp a sense of se!f through exploring p055|b|I|t|§s
5 : (Afexperi mentationo) and begin t
Role confusion : )
outcome of their explorations.
6 18 to 40 year
7 Generatlw.ty VS. Care
stagnation
EQ0 intearity Vs Productivity will slow, and the person will enter life as a retired perso
8 9 grity vs. Wisdom During this time they contemplate accomplishments and are able to

despair

develop integrity if they perceive themselves as successful in life.
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Psychosocial Development Study Sheet

Psychosocial Virtue Age
Obstacle Developed (expected)

Stage Example behavior
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Renal System Worksheet Exercise

Use color

coding to get

more visual

GLIR2LE 2dzi 27F
your diagrams!

This will help
maintain your
attention and
aid recall.
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