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Protein chromatography system

Fluorescence detector
Chromatography columns

Fraction collector
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The chromatography lab of Protein Facility, Zhejiang University
School of Medicine and the original equipment set-ups for the virtual
simulation designning

= Sonication bath

= [ p—
- \&' ;‘g Benchtop centrifuge

0 Q.
Filtration device
Pump
1 -

The virtual simulation of protein chromatography
system and its accessories

Fig.1 The virtual simulation laboratory for protein purification system
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The expression, purification, structural and functional studies of recombinant proteins

Expression \ Purification Characteri zation \nmﬁ(mai studies
— — S y- 4
Primary purification Polishing
Affinity Ion exchange
; chromatography Size-exclusion chromatography
A S ’ it Molecul
3 L 60l (optional) Reverse-phase chromatography Secondary o et an
s Yeast ; . inter actions 3D structure
8 Ion exchange etc. (required) stru cture; . R
= Insect cell L ; . ; : s Post-translational determination
5 : (required) Density gradient centrifugation ~ Thermostability R
O Mammalian cell . modification
Other systems Desalting Other methods
Other methods
Notes:
(1) Most commonly used methods are listed on the top.
(2) Optional: the protein purification system or other ‘
set-ups such as gravity column could be used. X
Required: the protein purification systems are needed. | -raty i
P L Isothermal-titration "> 2 108raPIY
Circular dichroism X related
2 calorimeter :
g Constant spectrometer Méleculap instruments and
§ b s High speed centrifuge Ultracentrifuge Fourier transform interaction equipment
Z 'em%erta " Stuliacentrifugs Protein 7111'il’1%'1ti0n infiated instruments NME related
b= meubaor Protein purification i I : spectrometer (FTIR) instruments and
) Carbon-dioxide s system Mi 1 d Mass spectrometer :
& incubator system icroplate reader Coantocal equipment
O i ) ¥
Microscale . microseope Clij electron
thermophoresis microscopy
Patch clamp §
related instruments and
equipment

Fig.2 The important linkage role of protein purification techniques
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General procedures

M
¢ 20% Ethanol, ddH,O, buffer etc., filtered and degassed
o Filter or centrifuge the sample, keep the supernatant
¢ Change with fresh prepared 20% ethanol for pump wash

;’i‘heory:

core instruments and accessories

for protein purification system;
components of protein chromatograph
systems;

. basic principles and types of protein

%
- chromatography

e Set the parameters (system flushing)

(including how to do it manually)

e Start up in correct order, flush the system in correct order

¢ Eliminate air-bubbles according to the correct procedures

/ Online buffer preparation:
_the use of Q valve \

flow speed (no air-bubbles)

column types)
¢ Connect the column in correct order

buffer)

* Set the parameters and alarms (corresponding to

¢ Connect or disconnect a column into the system with low
* Equilibrate the column in correct order (ethanol, ddH,O,

« Select a suitable sample loop, wash and prepare to load

e Load the sample to the sample loop (Load)

o Inject the sample from the loop to the column (Inject)

o Parameters and alarms should be set correctly
(corresponding to column types and demo cases)

“Samples with large volume: k
-the use of sample pump "

Programming and running

¢ Running the chromatograph manually
« Sample collection

e Save the data

« Export and analyze the data

the chromatograph using
" saved programs

~ FSEC : the use of
- fluorescence detector

ethanol)

in 20% ethanol
¢ Disconnect the column in correct order

* Equilibrate the column in correct order (buffer, ddH,O,

o Wash the sample loop and the system, maintain the system

€€ € €< K

Fig. 3 Operation protocols for protein purification systems
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The main components of our virtual simulation system
for protein purification
(b)

A display of the “equipment demonstration” module
(the fluorescence detector)
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A display of the “equipment demonstration” equipment
module (the protein chromatography system)

Fig.4 The main components of the virtual simulation system for protein purification and the examples of the

“equipment demonstration” module
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Experimental

steps

A demonstration of the experimental procedure (operation hints and
experimental steps updates automatically when the experiments proceeds)

()
‘ WA, BiE), WAES, ZEME [Start] HREFFIAEHEEPR
iR
System Pump F10 @ =) @
Mode | Gradientvia Inlet Valves =

it Zoom Annotate
Flow Control

Flow Rate [0.002-20]
SMLE#fTHE: 7
InletA InletB
Buffer Al v Iauﬂeral v

3-5ml/minzig

Gradient

Mode %8 |Finel. |Duration| mi v

Statu: 0 0 10
New Isocratic - 0 UE| 3 E

I ERAARESML L
: Continus flow at inal o8 i comple

Pressure Limits SMLBIFH T BAEH0.5MPa
[¥ Lower 0,00 = MPaUpper 0_53% MPz nima

[# Control Flow to avoid overpressure

mifmin > mart |
e

Parameter settings of the case 1-if the settings are
improper, hints will be pop-up in red and the
“start” button cannot be pressed

Picture in picture: access to
the computer operation

The “experimental procedure” module-demonstration
of a common case

Fig.5 The “experimental procedure”

module of the virtual simulation system for protein purification
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Select or create a correct flow scheme:
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-----------------------
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The flow scheme of FSEC
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No operation hints

Access to the scoring

page, picture in picture, h 1
or exit the exam EOSHMUENGERIZIESS

B9

LAEMAEH 0 /16 »
2FERANRES 0 /17 »

GRS ¢
o
CCITEEEITD
CCIITEET ¢
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Not showing any experimental steps

Compared to the “experimental procedure” module, the “Exam” module has no hints, one

can skip any unknown steps, and this module equipped with a scoring system

A display of the “Exam” module

Fig. 6 The “Exam” module of the virtual simulation system for protein purification
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Table 1 Key points and scoring criteria for on—site teaching and exams of protein purification system

Processes and

scenes

Main operation contents

Scoring

criteria

Key points for the basic operations

Preparation stage 20% Ethanol. ddH,O. buffer efc. need to be freshly prepared, filtered and degassed
Filter or centrifuge the sample with a high speed for more than 30 min, keep supernatant

The 20% ethanol for pump wash must be freshly prepared every time

Washing stage

Wash the system with ddH,O, set the correct the parameters and pressure alarms

Eliminate the air-bubbles according to the correct procedures (including how to do it manually)

Connecting a

column Set the parameters and alarms (corresponding to column types)
Connect the column in correct order, no air-bubbles are allowed in the system
Equilibrate the column in correct order (ethanol, ddH,0O, buffer)
Sample loading Select a suitable sample loop, exchange and wash it correctly
stage Load the sample to the sample loop

Inject the sample from the loop to the column

Ensure parameters and pressure alarms are set correctly during the whole step

Running stage ~ Finish the chromatograph manually
Save the data correctly
Export and analyze the data correctly

Collect the sample correctly

Start up in correct order, do not restart the system at will especially when they are kept in a cold room or a cold cabinet

Connect or disconnect a column into the system with low flow speed (0.3-1 ml/min; no air-bubbles)

[or e S S L I S NS R e e N - T - T T~ JE N~ R SN ST ST (S R (S

Finishing the Discard the wastes
experiment Equilibrate the column in correct order (buffer, ddH,0O, and ethanol), maintain the column in 20% ethanol
Wash the sample loop and the system; maintain the system in 20% alcohol
Disconnect the column in correct order
Theory Correctly distinguish the components of protein chromatography system
Correctly describe the types and basic principles of protein chromatography
Total 100
Key contents for the advanced operations
Case 1 Use the sample pump correctly 25
Case 2 Programming correctly and running the chromatograph using saved programs 25
Case 3 Set-up the fluorescence detector correctly 25
Case 4 Correctly use the Q valve for buffer blending 25
Total 100
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Design of Experimental Teaching for Virtual Simulation of Protein
Chromatography System”

MA Cheng""", GONG Cai-Xia>"""
("Protein Facility, Zhejiang University School of Medicine, Hangzhou 310050, China;
IThe First Affiliated Hospital, Zhejiang University School of Medicine, Hangzhou 310050, China;
3 Zhejiang Provincial Key Laboratory for Diagnosis and Treatment of Aging and Physic—chemical Injury Diseases, Hangzhou 310050, China)

Abstract Objective Protein chromatography is a fundamental technique in protein sciences. Difficulties were
always met in experimental teaching for this technique due to its complexity and tedious details. Therefore, we
would like to find new strategies for experimental teaching of such technique. Methods We used the 3D
simulation techniques to setup an on-line Protein Chromatography Laboratory. We designed the teaching contents,
core equipments, the scoring systems, user interface efc. based on our every-day teaching experiences. Results We
took the advantage of the 3D simulation techniques, and designed an on-line Protein Chromatography Laboratory
exactly reproduced from the equipment-setups of Protein Facility, Zhejiang University School of Medicine. This
virtual simulation teaching platform for protein chromatography contains 3 modules regarding the teaching,
practicing and on-line exams, so that the efficiency and quality of teaching could be largely improved. In this VR
platform for teaching, a new but commonly used type of protein chromatography equipment was chosen in order
to complete such shortages in VR teaching for protein purification. Furthermore, fluorescence-detection size-
exclusion chromatography (FSEC) and several case studies were also included in the “advance teaching” section.
Conclusion Experimental teaching of protein chromatography using virtual simulation was more advantageous
than the “old-fashion” ways of teaching. Students could be involved deeply in learning and practicing of such
techniques anywhere beside the chromatography laboratory; and based on our teaching experiences, their learning

efficiency and quality were indeed improved.

Key words protein chromatography, fluorescence-detection size-exclusion chromatography, virtual simulation,
experimental teaching
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