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Teaching reform and practice of ‘Production Internship’
course for biotechnology specialty from the perspective of
training application-oriented talents
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wu Xinmingz, FU Shijunz, LIU Nannan', SUN Chunlongl, YAO Zhigang1
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2 Shandong Lvdu Bio-Science & Technology Co., Ltd, Binzhou 256603, Shandong, China

Abstract: Production internship is an important teaching tache for undergraduate students to
carry out engineering training by using professional skills, and it is a key starting point for
fostering application-oriented talents in biotechnology. The Course Group of ‘production
internship of biotechnology majors’ of Binzhou University is investigating application-oriented
transformation for local regular colleges and universities, as well as fostering high-level
application-oriented talents. By taking green fluorescent protein (GFP) polyclonal antibody as
an example, the reform and practice on teaching content, teaching mode, assessment method,
continuous improvement of curriculum were carried out. Moreover, the characteristics of the
Yellow River Delta—Binzhou Biotechnology & Pharmaceutical Industrial Cluster were taken
into account to intensify academic-enterprise cooperation. On one hand, this Course Group
designed and rearranged the course contents, carried out essential training through online
resources and platforms such as virtual simulation, and recorded, tracked and monitored the
progress of production internship through practical testing and software platforms like ‘Alumni
State’. On the other hand, this Course Group established a practice-and application-oriented
assessment method in the process of production internship and a dual evaluation model for
continuous improvement. These reform and practices have promoted the training of
application-oriented talents in biotechnology, and may serve as a reference for similar courses.
Keywords: biotechnology; production internship; application-oriented talents; integration of
industry and education; reform in education
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Training objectives of the ‘Production Internship’ course

TR H AR
Knowledge objectives

e A ks

Capability objectives

EQUNER
Quality objectives

1. R A 50 ] 1 AR vh 2 B B AR ™ i
il % 1 L2 e

1. Master the process flow of relevant

S (A

product preparation

A, RiGis AR AEAM S 6

1 HAG S22 PR 77 il B A A 7

1. Master the basic operation skills for

the products produced
2. BETEASFRIRIAI AR 7 I R AR R 2. BATSE T B A 7™ b B4 B P

1 HA TR R A A B S ok /Y
TAEFEXLL K3 i BE

1. Have rigorous scientific attitude,
practical and realistic work style and

communication skills

2. BA R POLETERER: . MG

2. Be able to skillfully and flexibly apply the 2. Master the ability to evaluate the =il

basic theories and concepts mastered

quality of products produced

2. Have good awareness on professional

ethics, legal and regulatory affairs
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Figure 1 Ideas for developing the course.
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TEARARFFRT 6 MEAmnA5, KB E] 3 B AE T A T, I HBFE NN
TG LG GO0 1 GFP Z s BBk B R, W 2 iR,
*2 ZBWALEH GFP ZREMKHENEFLIANFT T
Table 2 Design for preparation of green fluorescent protein (GFP) polyclonal antibody
PPN SRR e A U SBL TN TR B TR 43 L
Teaching Practice points Teaching objectives The theory courses Teaching requirements
content involved and time allocation
EINELSN 1. BRLEEEUS AL 1. XS R FF G 7R PR <R TR 13K
Antigen 1. Plasmid extraction and R AR TR S S “Ir T2 Microbiology, The 1st-3rd
preparation transformation 1. Comprehensive practice of Genetic Engineering, days

2. B Escherichia coli culture and ~ Molecular Biology

2. Vector construction fermentation technology

3. iSRRI 2. EAE GFP 7E XTI

3. Induced expression MEHRBEAR

4. FEHHBEIKDHT 2. Master the recombinant

4. Protein electrophoresis expression technology of

analysis GFP in E. coli
P4tk 1. A R PR GFP MR EYL a5 K
Antigen 1. High pressure alifb 5)2Praifb AR Biochemistry The 4th-5th days
purification fragmentation of thallus Master the affinity

2. BUR S E O purification and

2. Refrigerating high- chromatography purification

speed centrifugation techniques of recombinant

3. Ni H2EHIzifL GFP

3. Ni column affinity

purification

4. SrFi R AL

4. Gel-filtration

purification

5. VTR T 1

5. Freeze drying
Ik L et St 1 ERPUARA SRR, <R WA 55620 K
Animal mFLAL P I BRI 45 S5 1 “ 4 Y R #il 25 ” The 6th—20th days
immune 1. Emulsification of 1. Master the principles and ~ Immunology, Animal

immune antigen and necessary conditions of Physiology, Biotechnology

immune adjuvant immune response Pharmacy

2. W TS
2. Subcutaneous

injection of animals

2. XIS CRT e 22 R H
RS S L RE I S

2. Practice of immune injection
skills for experimental animals
(New Zealand white rabbit)

http://journals.im.ac.cn/cjben
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23 2)

HErNE SRR A e HIY W B e TR PFER Bt 1R] 43 e
Teaching Practice points Teaching objectives The theory courses Teaching requirements
content involved and time allocation
g2tk 1. Sh s kR 1. %4% Protein A X4tk <fpyEss” 2125 K
Serum 1. Animal femoral TR AY Immunology The 21st-25th days
purification artery blood collection 1. Master the principle of

2. HLIMIE P4 88 Protein A to capture

2. Isolation of antiserum antibodies

3. F|H Protein A #lifk 2. FIH Protein A 4lifbA
HEEAT 1gG HYZEMAifE  SCBIXSAT GFP HUILTE 1Y
3. Affinity purification of  ZlifbL3Z

IgG was performed using 2. Protein A purification
Protein A purification column was used to

column purify GFP antiserum

AR |. GFP HiJi sk S54ifk. 1. %4R ELISA BERUSEG B ke “fgsss

Titer detection  JGPLMLIEBE LR FE J
1. GFP antigen coating and 1. Master the experimental
purified antiserum gradient principle of ELISA

dilution 2. 4N GFP £ wife ik
2. TR A W T IN sE RN HEATAS I A H AR
(enzyme linked 2. Master the technology of
immunosorbent detecting the titer of

assay, ELIS Al 5256 GFP polyclonal antibody
UK

2. ELISA test process
3. k£l 5
LRl eIT
3. Standard curve
formulation and test
data analysis
7Y L3RR, 4°C
Product storage RFF, PRAFIFEIA IR S
0.1%-0.2% NaN; LAB5JB ~ Master the principle and Pharmacy
1. For storing 3 months to  practice of different
half a year, products should preservation methods of
be stored at 4 °C, 0.1% to  antiserum
0.2% NaNj3 should be added
2.3-54F, RIRORAT, WAE
-20—40 °C, By Ik L,
SRR LIS A B A
REAG . PR PR B ]
/ML
2. For storing 3—5 years,
products should be divided
into small packages, stored at
—20 °C-—-40 °C, avoiding

ERGUMEARRGRBTT e AR 25
Immunology, Biotechnology The 26th—28th days

5 26-28 K

Biochemistry, Immunology = The 26th-28th days

552628 K
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WIS TR (Zi#£2)
HEENE SRR #eEEm The theory courses YA ELR SR A3
Teaching Practice points Teaching objectives involved Teaching requirements
content and time allocation

repeated freeze-thaw as it
will decrease the potency
significantly

30T, RSN
KRR T 0.2%, BEJ5
LR, — AR VKA
T 510 AE N A2 W]
R

3. For storing 5-10 years
without reducing the potency
significantly, products should
be freeze dried and
encapsulated, the moisture in
the final product should not
exceed 0.2%

24 HFASHIZHE
241 EZHXItN, ERAEFEE+EZLER
N7 AT

TEA 7S 2 22 W), BOMR A = I Bk 7
SET B . ST AL S5 2 ) O A A
W ailtir kM, e 55 A %>
NS R R R AR s (] F 27, SRR st ) 24
A, B (1) AR R 8 A i L
B (AR A 43 25 5 Al Ak B 00 B 5K
W EmH ) T A%, MEAEANRIL.
Mgt s Fimaifb s, MK Siah AL >
SRS, BRI A5 (2)
AR . Il ME . QQ . MG
& b s A L s I ik A s L B
otk . M. MAVIRTENE, §15%
o 7311 3 5 R e =1 7 o 4 S - 1 D
NHNME SIS 2k BT 456 177K
TR E Y, R 2 A RS S B R S T fE
AR, H5| T2 R S, RIS AR
S EAE A A
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(2) brlRglifh: 9205 45 K, XERikE
f) GFP £ H b4k, A2Azpmaifk!™ . o5+
i el A 2R R H AR T ik B ARl YT I
JE2E X AL AR T i, R Z Mol
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A H
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) GFP AR AL T 30 ) fo 35 LU AR BCHt
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(enzyme linked immunosorbent assay, ELISA)H
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SEAWERALE 3G, SRR KT
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B A R I M R (50%) , AR i TR H B
O TAES S5O, TAESH L. TAEE AR
oL, TAESERIE LG E; 0 =0
JE SR (30%),

H 27 2 B AR B S 0L

H13K
The 1st-3rd day

#56-20K
The 6th-20th day

> 3>

#526-28K
The 26th-28th day

LRI S5 1k 1SR S e e R LA %g;%)i@ﬁ'—i alif i
1. Plasmid extraction and 1. Emulsification of i i i
wansformation angen and mmune adivant O g
2 4 A A . purified antiserum gradient
2 Vector constrct 2 AT > ELTS AR

. vector construction L. . 2. ELISA I S
3FESHRE :ﬁf:lx:l?mwus fjesitam ff 2. ELISA test process
3. Induced expression 3?&&?&5‘1*‘]%—?&%&%
4 TR IR AHT

4. Electrophoresis analysis of protein

2 EIJBRMKIAR

3. Standard curve formulation
and test data analysis

Figure 2 The workload and time-scale in the internship unit.
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WA BRET$R T, IEN R AR, SZRA R IR WA TR A, 5 — 7 e S 1 H
Tho BeAh, BEEAT, REEMEIRED BN R B AR ATIT 2, 4
AR EMBESZ e EYEARMAY  RER. 5% FAERRAEFE I, 4%0 %
H25IX 3D Lr P L 4 AF AT, RITIE AERAREARBE, 1% ERRAWHE;
300 HoAESE I T X— S PR . R AESE AR S0 ) S A A ER Y R B B AN 3R
A, SR T E AR R R, ol T ESRPEI RCR (R 3).

R3 FEMNREBEFMHAFRERFITM
Table 3  Various teaching quality indicators of the course evaluated by the students

s Sist 7 WE R oo E FaE
Primary index Weight Secondary index Full score  Average score
e HbR 0.15  ASSERECAI ., WIspEes s 5.00 5.00
Teaching objectives The teaching has a complete teaching plan and clear teaching

objectives

REFL TR SE AT S5 5.00 5.00

The teaching task is completed as planned

FEFA SRR, IRR B 5.00 5.00

The teaching meets the actual needs of students and keep close contact
AR 0.50  HepNEMsE, BEBKARMIA LR, FFaRMNESR, EE - 10.00 9.50
Teaching process W HAE Ry B 57

The teaching content is detailed and closely related to the actual

production process, meets the requirements of the outline, and pays

attention to the training of application ability

LERHC AL S RSP, LI 10.00 9.00
The introduction of practical teaching is combined with production

practice, and the transformation of theory into practice is prominent

Hea i BRI, LG, J2RB i AEsE  5.00 5.00
(LY E:N

The teaching process is clear, efficient communication channels and

methods are established

GG R B R I 3 SO P B SR A B AR PO 2K 57 10.00 9.20
The teaching guides students to develop patriotism and attaches

importance to experimental ethics

TEE AR R SCERRE I I R , Al Rk e A S Bl 2R 10.00 9.00
[t

The teaching pays attention to fostering students’ practical ability,

timely solves the problems encountered by students during the

internship
ECaVREN 020 Hewdiikopst, SmHEBE, TSGR~ Aetts it 5.00 5.00
Teaching method The teaching method is novel and timely, which is easy to implement

and strengthen the consciousness and initiative of learning

FEE BT R R 42 S 75 1wl 5.00 4.50
The teaching is in line with the new era teaching mode and the

new direction of system development

)
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(B3 3)

—ZHEhR

Primary index

E
Weight

€7 7

Secondary index

Wi e

Full score

FEE

Average score

Teaching effectiveness

0.15

HEHE R AAH e, B0IEIIES

The teaching pays attention to heuristic teaching and gives vivid

5.00

examples
SRR TSI Al A A R, FL A R IE E

Students have mastered the basic production process involved in the

5.00

internship and have good communication skills
B BAG T AR SE RO BEA R FRRLE ALY

Students have developed preliminary professional basic qualities and

5.00

ethics
IREN T 8B A B AU A S B A T e 1 B K

The teaching meets the requirements of training students’ ability to

5.00

transform theoretical knowledge into practical production

4.00

5.00

5.00

4.50

SRV

Overall evaluation score

94.20

42 BIREFEHERN, HEH~HRE
LSy

TR GERY A7 52 2] R 22 B A B IR 52 )
foJa A iE 2T, s FEImE S
MXRTAHE, TAENEARG . e, BEYLIE
Besik, XKUY, BARZ S T AL r R A
AR, AEAS e b R B R FH R 552 B R BE 8 0
PN, SRR XX i R, IR S A
WA FHIN A R EHRYT. ZHIBIE ., REH
W, S5 S AR BRI, i S
WEMPECETTA, BERETE TR E0N A B %
ARREST, s T ATBA A ER B K Al Y T
HYEMARETT, LR AR A EE R T N B IE#
TESEAL,, FEBURTERY, AT~ — 21 oAb
DR IS BRIA 1Y IO IR LR 5

5 REH5EZ

A2 S SR AR TR IS Ll o A s BB A
IEE ALy SEER A SC BB IR IR, R AR X
Lol AR AT T AR R A A,
IR R A S8 —30 . HAT, W
H G A 7 5 2] 73k — 2 R R, AR IO FH 2R

http://journals.im.ac.cn/cjben

NA BRI S L, 22 B Ok B 1Y
P AOIE M AL . S T BRI 2 B 57
R KR AR AA I — TR B, 255 Ll
RS A AL, BRA LA, XA
TR A2 R T TR N A
OIS C ik NS e LW iR N e )
ISR AE RSN SR, B T B SR, T
—2, R AR IRAL PR N B A B
U, BIATE Z Al AR dh I S A
s Bl BE S ATBOE R IR IE I, Hpsk
S EY) TR LW B N A ARG 37
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