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Table 1 Content requirements and academic requirements in the curriculum standard (2017)
2 2.3 s
o N X s
32 : s
3: o
. . X X
33 : s
b Y b b
AY b X ’
s o 12
, (Pro-
, “ tein Data Bank) M. F. Perutz
v 7 . ol cif . VESTA
( A AY ) AY b 1 ( ) ’
( S ~ ) ’ o ’
) 1C ).

Fig 1 Haemoglobin (left) and Heme (right) in VESTA
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Table 2 Three dimensional rectangular coordinates of Heme Table 4 Experimental materials for building Heme molecules
/A /cm
N a B C X Y Z
N1 0. 600 98|0. 391 25|0. 411 22| 9. 00 | 14 91 | 28 49 30 mm 31 % Fe. N, C
N2 0. 576 82|0. 409 96 | 0. 414 94| 15 17 | 16. 72 | 22. 52 35 cm 31 % Zz
N3 0.528 89|0. 399 56 (0. 393 85| 11. 74 | 14 20 | 10. 68 50 em * 36 cm *
1% XOY
N4 0. 540 50| 0. 431 86 |0. 384 53| 22. 39 | 11. 72 | 13. 55 4 em
N5 0. 546 61|0. 438 56 | 0. 436 61| 24. 60 | 22 62 | 15. 06 50 cm %30 em | 1% ’
N6 0. 534 62]0. 406 74|0. 447 13| 14. 11 | 25. 37 | 12 10 xov
Fe 20 cm 1% “ ’
Fe ‘O. 542 83‘0. 417 35‘0 41604‘17. 67‘1& 37‘14. 12 . . 3% Fe. N. C
¢ 15em | 36%
C1 0. 635 97|0. 406 98|0. 419 50| 14. 19 | 15. 22 | 37. 14 91 92
C2 0. 611 69|0. 405 84|0. 416 62| 13. 81 | 15 62 | 3L 14 o
C3 0. 596 83]0. 417 48|0. 418 95| 17. 65 | 16. 74 | 27. 47 1 '
C4 0. 579 59|0. 394 12]0. 410 33| 9. 949 | 15 61 | 23 21 ’ '
C5 0. 542 34|0. 453 4910. 357 43| 29. 52| 5 84 | 14 00 | 25
C6 0. 545 04 0. 448 16| 0. 383 67| 27. 77 | 11 35 | 14. 67 « '
C7 0. 551 41|0. 458 54 10. 403 93| 31. 19 | 15. 42 | 16. 24 5 | '
C8 0. 550 15|0. 454 04 0. 428 56| 29. 71 | 20. 75 | 15. 93 '
C9 0. 552 50|0. 465 44 0. 449 91| 33. 46 | 25 22 | 16. 51 '
(2) X (XRD)
C10 0. 550 24 0. 456 94|0. 470 43| 30. 66 | 29. 71 | 15. 96
Cl1 0. 546 56| 0. 440 16 | 0. 462 70| 25. 13 | 28 20 | 15. 04
Cl12 0. 543 89|0. 427 98 10. 479 51| 21. 11 | 31 92 | 14. 38 ' (3) ’
C13 0. 538 73|0. 412 2410. 471 76| 15. 92 | 30. 47 | 13 11 ’
Cl4 0. 536 15|0. 398 94 |0. 489 06| 11. 50 | 34 28 | 12 47 1) '
C15 0. 530 84|0. 385 86|0. 474 79| 7. 23 | 31 45 | 1L 16 '
C16 0. 529 31|0. 390 46 | 0. 448 49| 8 74 | 25 88 | 10. 78 '
C17 0. 523 68|0. 380 44 0. 427 71| 5 44 | 21. 67 | 9. 39 |
C18 0. 522 24|0. 384 7810. 402 30| 6. 87 | 16.29 | 9. 03 213 ’
C19 0. 513 73|0.37475]0.380 91| 3 56 | 12 06 | 6 93 o
C20 0.51516|0. 383 34 (0. 360 05| 6. 39 | 7.54 | 7. 28 '
X ; XRD
c21 0.524 92|0. 398 9810. 367 81| 11. 55| & 79 | 9. 69
C22 0.528 63|0. 411 18 ]0. 351 05| 15. 57 | 5 05 | 10. 61 '
C23 0. 534 59|0. 426 92 ]0. 359 63| 20. 76 | 6. 64 | 12 09
C24 0. 535 82|0. 440 74 ]0. 342 86| 25. 32| 3. 00 | 12 39 '
’
3 .
H
Table 3 Bond length data within the Heme molecule
/A /cm 2.2
Cc—C 1. 54 6. 16 .
Fe—N 2. 20 8 80 5
C—N 1 38 5 52
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Fig 5 Information card: coordination keys in hemoglobin
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Table 5 The results of student interview
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Project Teaching Case Based on Complex Molecular Structure Model

Construction: Exploration of Heme

WANG Quan' CHEN Ying® SHEN Yu-Xin® WEI Rui' ZOU Zi-Wei' WANG Cong'
WANG Lei'""*
(1. College of Chemistry. Beijing Normal University, Beijing 100875, Chinas
2. Haidian Teacher Training College. Beijing 100097, China;
3. Daxing Na 1 Middle School, Beijing 102600, Chinaj;
4. Beijing Advanced Innovation Center for Future Education, Beijing 102206, China)

Abstract The 2017 high school chemistry curriculum standard adjusts the curriculum struc-
ture. Material structure and nature are one of the modules of the optional compulsory courses
The curriculum standard requires students to master not only the specific knowledge about the
microstructure of matters, but also establish the method of research and recognize the microstruc-
ture of matters, develop the core competence in discipline such as evidence reasoning and model
cognition. Based on the visualization software VESTA and the Protein Data Bank (PDB), this
study visualizes the structural model of hemoglobin, cuts out its functional unit “heme” and con-
verts its intracellular fractional coordinates into three-dimensional cartesian coordinates for
students to build. In the classroom, the general methods and steps of scientists to solve complex
molecular structures are restored as much as possible. Students construct the heme atomic posi-
tion model during project implementation, use the bond length data to judge the bond relationship
between atoms, and use the model to explain the mechanism of hemoglobin oxygenation and poi-
soning. The core competence in discipline such as evidence reasoning and model cognition has
been developed.

Keywords material structure and properties; evidence reasoning and model cognition;

heme; model, modeling; spatial structure; bond length



