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1. Pick up Name Folder

 Pick up name folder and set it up at seat.

2. Sit with your group.

* laptops on outer perimeter (avoid distracting)

3. Clicker Attendance

- Launch your Top Hat, and get ready to click.




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

2NADH  JaN.

2
Glucose wp-mp =

2 ATP |



Chemiosmosis: Uncouplers

Some drugs known as uncouplers facilitate diffusion of
protons across the mitochondrial inner membrane.

When such a drug 1s added, what will happen to ATP
synthesis and oxygen consumption?

a) Both ATP synthesis and oxygen consumption will decrease.

b) ATP synthesis will decrease; oxygen consumption will
Increase.

c) ATP synthesis will increase; oxygen consumption will
decrease.

d) Both ATP synthesis and oxygen consumption will increase.

e) ATP synthesis will decrease; oxygen consumption will stay the
same.



Electron Transport Chain and Respiration

Rotenone inhibits Complex I (NADH-Q Reductase).
When Complex I 1s completely inhibited, cells will

a) neither consume oxygen nor
make ATP.

b) not consume oxygen and will
make ATP through glycolysis

and fermentation.

c) not consume oxygen and will
make ATP only through

substrate-level
phosphorylation.

Complex | Complex II Complex 111 Complex IV

d) consume less oxygen but still

make some ATP through both
glycolysis and respiration.



occurs 1n the inner membrane of

the mitochondrion (in regions

The electron transport chain
called “cristae™)

ELECTRON TRANSPORT CHAIN

matrix

Complex IV

Complex III

Complex

Complex I



What would help YOUR learning?

a. Discuss the topic of Rotational Catalysis
b. Review Metabolism and Electron Transport Chain

c. Explain how Glycolysis is like eating Pizza!

d. Talk about Fermentation as an option in some cells

e. Discuss Krebs Cycle and the path inside the
mitochondria like the events in the Biovisions movie

f. Explain how | can get paid in the summer to work by
the beach in Malibu CA at a REU.




Cellular respiration

It electron acceptor \

(such as oxygen) ELECTRON TRANSPORT AND
is present KREBS CYCLE o A;“
GLYCOLYSIS OXIDATIVE PHOSPHORYLATION
Glucose mmmp  Pyruvate %

If electron accept(?r FERMENTATION
(such as oxygen) 1s

NOT present



All 10 reactions
of glycolysis
occur in cytoso

Y ,?h
GLYCOLYSIS \;: g ??’
What & }
goes in:  ATP
CH,OH CH0—P
H H H | H
0 o O
OH H OH H e—
HO OH E HO l | OH )
H OH H OH
Glucose Glucose-
0-phosphate
What
comes out: ADP

N

Glycolysis begins with an energy-

ATP
CH,0—P \ P —OCH,
0 CH,OH
H HO
H | ‘ OH
HO H
Fructose- Fructose—

6-phosphate

A

investment phase of 2 ATP

1 ,6-bisphosphate

ADP

P— ocuz

CH,O—
: CHzOH
H




PlP

¢ Think of the beginning of “Glyco-lysis™
as eating a pizza



Think Glucose = Pi1zza

The common ‘hexo-pyranose’ form of Pizza



Meet PIP
(Phosphorylate-Isomerize-Phosphorylate)

o s that really the best way to hold on to your pizza?



Fructose 1-6 Bisphosphate -> DHAP (ick) and G-3-P (tasty!)



Isomerase ->

DHAP (ick) G-3-P (tasty!)



Isomerase ->

G-3-P (tasty!) G-3-P (tasty!)



GLYCOLYSIS Energy-investment phase

What
goes in: ATP ATP
P —OCH>
CH0—P I CH0—P \ —OCH, | =5
H H CH,0 CH,0—P
|L 0 & | s Q l ;i éHon
OHH | == [ H HO H HO
' ® i on & ifTou® N o
HO OH H OH H OH
H OH H OH HO H HO H H
Glucose Glucose- Fructose- Fructose- C=0 /
0-phosphate 0-phosphate 1,6-bisphosphate CHOH
What CH;0—P
comes out: ADP ADP
Hexokinase phosphoglucoisomerase PFK*
capture
eapture 292797

[ATP] high



PFK 1s highly regulated

‘K ATP at
A ‘ active site

Fructose- 1.,6-

- g5 bisphosphate at
wa T active site

regulatory site




GLYCOLYSIS Energy-investment phase

aldolase
What. { DHAP
goes in: ATP ATP x
. P—olcuz
CH,0—P I CH,O0—P —OCH, o
H H CH,0 CH,0—P |
|L 0 2 l g 0 | CH,OH
OH H ] H HO H HO :
2 3 4 s Isomerase
HO OH H OH H OH
H OH H OH HO H HO H H
Glucose Glucose- Fructose- Fructose- C=0 /
0-phosphate 0-phosphate 1 ,6-bisphosphate CHOH
What CH;0—P
comes out: ADP ADP G-3-P
hexokinase phosphoglucoisomerase PFK* G-3-P
Linhibits
stimulates Glyceraldehyde-3-phosphate (G3P)-dehydrogenase
[ATP] high yde-3-phosphate (G3P)-dehydrog

|ADP] [AMP]



Light

30
e co,

Phase 1: Carbon fixation

<>
@ CH,0 (sugar)

IO Q0000 ®
Ribulose bisphosphate

CALVIN OSK inase
CYCLE - _

G3P)-dehydrogenase
8 O -O-C P)

slyceraldehyde-3-phosph

¥ ".. "
"',' E:l'l !

PIP
10-0-0-P
G3P Glucose and
(a sugar) other organic

Copyright @ Pearson Education, Inc., publishing as Benjamin Cummings.



All 10 reactions
of glycolysis
occur 1n cytosol

Qﬁ 2
GLYCOLYSIS Ty f' :,9

K
| O &

“‘

What
goes in: ATP
CH20H CHzO—
H
D o)
HH OH H B
0|-|
H OH
Glucose Glucose—
6-phosphate
What
comes out:

I

ATP
P— OCHZ
CH,0—P \ P—OCH,
o CH20H CHz
CH20H
H HO —<
H | l OH H
HO H
Fructose- Fructose— C=0 /
6-phosphate 1 ,6-bisphosphate CHOH
CH,0—P
ADP
G-3-P
G-3-P

A

Glyceraldehyde-3-phosphate(G3P)-dehydrogenase

Glycolysis begins with an energy-
investment phase of 2 ATP



Energy payoff phase

Phosphoglycero(PG)-kinase

The “2” indicates that glucose has
[Q been split into two 3-carbon sugars

2 ADP

2 ADP

CH,—O—P
1,3-BisPGA
pyruvate
Kinase
2 NADH 2 ATP 2 ATP

G-3-P-dehydrogenase % \>/

During the energy payott phase, 4 ATP are produced for a
net gain of 2 ATP



What would help YOUR learning?

a. Discuss the topic of Rotational Catalysis
b. Review Metabolism and Electron Transport Chain

c. Explain how Glycolysis is like eating Pizza!

d. Talk about Fermentation as an option in some cells

e. Discuss Krebs Cycle and the path inside the
mitochondria like the events in the Biovisions movie

f. Explain how | can get paid in the summer to work by
the beach in Malibu CA at a REU.




Glucose

PYRUVATE

No O, 0,
Mitochondrion

Ethanol Acetyl CoA

or
lactate

Copynght @ Pearson Education, Inc., publishing as Benjamin Cummings.
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Pyruvate Dehydrogenase
Multienzyme Complex



CyTosoL

Transport protein

I
C
CH3

PYRUVATE




CyToSsoL MITOCHONDRION

Transport protein
"o
|
C=0
——{ =
(|:=O
CH3




It you have O2, enter the Matrix

SUMMARY OF GLUCOSE OX. N M i .
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Where do we go next?
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Is this what the Citric Acid Cycle looks like?

All 8 reactions of the
Krebs cycle occur in the
mitochondrial matrix,

E— — coo- outside cristae
=0 , | ' |
=0 | R
B i‘»—CO“ H20 —C—C00"~ HC—cC00~ €02 NADH I
CH3 ?=o éﬂ
Pyruvate SHa el | -
Acetyl CoA Citrate Isocitrate /' . N L
I
coo- CoA-SH 2
O=% f=°
CH, ’ €Oy
éoo- a-Ketoglutarate
Oxaloacetate NAD* NADH
KREBS CoA —SH
NADH CYCLE
NAD* il
%
coo CHa
HO—?H =0
CHa HS—CoA i—m
o0~ p— Succinyl CoA
Malate -
\ E:O T %"’ GDPGTP
H20 I CH; \—e’\ml’
HC o
ooy 2o ATP
Succinate
Fumarate
FADH2

Figure 9-14 Biological Science, 2/e

© 2005 Pearson Prentice Hall, Inc.



Is this what the Citric Acid Cycle really looks like?

Acel(l CoA

\

\\, 2 carbons enter cycle

Oxaloacetate* — = .‘\\
NADH . _ soss — —°°

‘\

) i N
NAD'__ Citrate

/ Krebs Cycle \.‘.“.

Z \ ~CO, leaves cycle
Mala ( (Substrate \3 ®
.“'} \« phosphorylation) ADP — NAD’

o ~*| NADH |
FADH;]-.\\ u—Ketoglutarate
LT X




“<  What about this?

NAD + pyrLvate

Coenzyme &
\ - pyruvate

dehydrogenase

o comples
NADH -x—/

g\a\f{é NﬁDH

25[ g / oxaloacetate icodtrate
malate

dehydrogenase isocitrate

D Qei_w:drogmase
+
NADH
A COz

o.-ketogutarate
MNAD +

Coa
succiryl-Cod,

o.-ketoglutarate
dehydrogenase

furnarate

succinate

NADH
COz

SLCCinyl
dehydrogenase

souccirl-Cod
synthetase



Actually...

|
H—?—COO"
HO—?—COO’

H—?—COO’
H







What would help YOUR learning?

a. Discuss the topic of Rotational Catalysis
b. Review Metabolism and Electron Transport Chain

c. Explain how Glycolysis is like eating Pizza!

d. Talk about Fermentation as an option in some cells

e. Discuss Krebs Cycle and the path inside the
mitochondria like the events in the Biovisions movie

f. Explain how | can get paid in the summer to work by
the beach in Malibu CA at a REU.




You joined the MSU CF lab




Stand up

If you did PCR-based experiments on human CF gene
...using genomic DNA sequence analysis

...primer design & annealing conditions testing
...using human cells w/ genomic purification

..use of PCR, Gel Electrophoresis, Digital Photodoc system, Epoch
SpectrOphotometer more

...gave multiple scientific talks
...read scientific papers
...wrote multiple drafts of manuscripts
HIGH FIVES ALL AROUND
THIS IS WHAT SCIENTISTS DO
[it’'s not pretend, and it’s not ever really finished]
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_ Apply for a REU
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Opportunities

This semester was a reasonably novel experience in the USA for
Intro Bio. You experienced a more authentic science research
experience much like in an “annex” of Luckie’s research lab,
instead of cookbook labs every week.

As course ends, remember | can be a resource for you.
8 | can advise & write letters of ref when you apply to REUs
8 you can volunteer in my laboratory, or others at MSU

® please update your resume to represent best what you’ve done
and learned.

8 if you got most of your experiments to work this semester,
consider publishing your final paper with my help.



YOU
EXPERIENCE

Cystic Fibrosis L.ab Internship January 2023-May 2023
Research intern with Douglas B. Luckie, Ph.D., Director of MSU Cystic Fibrosis

Research Laboratory, Michigan State University, East Lansing MI (cf.psl.msu.edu)

— Planned, pursued and presented experimental results on a research project aimed at using a PCR-based
strategy to 1dentify the {your mutation} of the human CFTR gene.
o Gained experience with polymerase chain reaction (PCR), DNA sequence analysis, primer design,

troubleshooting, genomic DNA extraction and agarose gel electrophoresis methods.
— Initiated a secondary research project to test the Yaku et al 2008 method using intentional mismatch to
reduce rate of false positives when using PCR to diagnose SNPs.
o Gained skills 1n experimental design, DNA sequence comparisons and analysis via BLAST,
comparative primer design and testing.
— Participated 1n all aspects of lab work which included: preparation of solutions; maintaining lab
notebook; and reading/presenting published research/figures 1n journal club as well as own research data/
findings 1n formal talks during research seminar settings, and authoring manuscripts for publication.


http://cf.psl.msu.edu

